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PHPUT FILE DESCRIPTINY

PROGRAM CARD OR PROGRAM CARD OR PROGRAM
i DESCRIPTION VARTABLE FIELD 10 DESCRIPTION VARIABLE FIELD 1D DESCRIPTION VARIABLE
FILE £ - ECONOMIC PARAMETERS FILE # - SEASONAL VARIATION OF FILE K - SYSTEM SPILL DESCRIPTION
oo Listed bel detatled d ot ¢ the dat LINK CONVEYAKCE FACTORS SPILLAGE Listed below are detailed descriptions of the data
d sted below are ailed descriptions of the data assacfated with specifying the unit cost and maximum
FETOR requived to spectfy the economic parameters for the e ﬁim‘;bgem{)‘ar;ﬁ;ﬂl:g Sfi%?l"iﬁi“ie‘ii e tan- magnitude of spills from the system. There must be
systen.  There ust be one card in this file. " vi;‘a:::e ggtaog for the links. There must be one card one card in this file
ANNUAL Annua) discount rate used in computing present PERINT in this file. Pipelines are not effected by these factors. AT Haximum rate of spillage {in 1,000 acre-feet per sea- SCAP
Biscount value. Colums (11-20) SEASORAL List of decimal fractions specifying the seasonal £LF HODE son) from each spill nodes. Alarge value (e.g., 5,000 )
£ CORRECTION transmission factors (ratios of flows leaving SPILLAGE ?20:;4! be}use;ﬂstg insur?.‘tféﬁ: "ﬂ“;' on 33“ U‘\z;ystem
. . . B FACTORS FOR fracti e value 00 Sma n an infeasible selution
0EPT Period (in years) over which debts, incurred for npAY CORVEYANCE ;:Jam :;z:;l“;tﬁ‘z"go;:,gz"z: Ji&f??xfé g;e may result. Columns {11-20)
REPAYMENT constructing reservoirs and conveyance 1inks, COEFFICIENTS (maximum of 12 nonzero valyes). Colums (11-15;
PERIOD must be repayed. Columns {21.30) 16-20; 21-253 26-30; 31-35; 36-405 41-45; 45_50;' T Cost of each unit of water spilled from the system KSPILL
51-55: 56-60; 61-55: 66-70} ’ SPILL COST (in $1/acre-foot), The program specifies a minimum
ELECTRICAL Average annual unit cost of electricity in FOUR M ’ * unit cost of $.001. Colums {21-30)
gga;;n $/K-HR.  Columns {31-40)
- UT COY NUMBER Total number of nodes in the system which are allowed HSPHDS
ANHUAL A 1 fixed £ " d FILE T - PROGRAS OUTP oL OF SPILL to 59‘)1” water fr?m]t%)systm (maximum of ten (10)
nnual fixed operating, maintenance, an: RESONM CONTROL HODES nodes Cotumns (3
GUR COST replacensnt cost for reservoir facilities as a e o e e e o
FOR RES. decimal fraction of the construction cost of the provided for each of the years in the aperating
reservoir. Columns {41-30) horizon. There must be one card in this file. FILE L - SYSTEM SPILL NODES
ANKUAL Annual fixed operating, maintenance, and replace- CORONM ARRUAL t modt IPRN SPILL NDS Listed below are detailed descriptions of the data
OMER COST ment cost for conveyance facilities as a decimal ¢ piiege T e o o 4 defining the locations within the system where spills
FOR CANALS fraction of the construction cost of the canal CONTROL are as indicated below: may occyr. (Care should be taken in specifying the spill
or pipeline. Columns {51-60} nades so that excess w?ter will be able to 3(6 tf‘wn
. - . fon of the system. Infeasible solutions may occur if the sp:
UHIT €OST Unft cost of water mported into the system in cp ¢ i;{fm’;ﬁ:ﬂﬁfﬁ? 25 gg:;::*:"mgde] itseif; nodes are improperly iocated. The spill nodes are read
OF IMPORTED $/acre-foot. Columns (61-70) "’ g:e nodes pe’r“ card m‘thfa maﬂmm of two cards in
WATER 1 - Print all output from the solution of the net- s file. The number of spill nodes must correspand
work model and the model formulation, to the nunber indicated in FILE K.
CONSTRUCTION Time period {in years) rv]zquirc(]i between 1mt€at;on LAGR
PERIOD FOR of construction and final completion of reservoir . “gn KODE NuM- Humerical designation of the nodes which are specified as Js
RES. projects. Columns (71-75) 2 :;éggta;‘;rggzgtcggcé:{fied under option "0 BER OF THE system spill nodes. These nodes may correspond to either
o - fod { ) tred bot initiati M DESIGHATED reservoir or non»stgrage Junctions, Columns (19-20; 29-30;
CONSTRUCTION me period (in years) required between initiation LAGE . 39-40; 49-503 59-60
PERIOD FOR of construction and gi?nl con(rmetlr;n of canal and 3 - Suppress all output for this year SPILL NODES
CAYALS pipeline projects. Columns (76-80 A maxi .
maxioum of 45 values may be listed with one valuz
per column. It is assumed tm; the yearly print FILE M - RESERYOIR CONSTRUCTION TIMES
options are read sequentially beginning with the first
FILE F - SEASOMAL VARIATIONS : ; . X RES START Listed below are detailed descriptions of the data de-
1 POUER COSTS year of similation in coluen 35. Colums (15-59) fining the installation tine of reservoirs within the
Similation pertod. Starting times for up to four
POWER DIST Listed beloy are detailed descriptions of the data FILE J - TIME DIMENSIONS OF ALLOCATION PROBLEM reservoirs are read per card. There must be enough
specifying the varfations in unit electrical power cards in this file to read data for a1l HR (FILE A)
costs within a year. There must be one card in this SOLVE Listed below are detailed descriptions of the data reservotr facilities,
file YRS elements describing the time dimensions of theTgpera- wRER M tcal designati ¢ th : oot [
tfonal simulation by the Allocation Program. ere umerical designation o e reservofr. Columns
SEASONAL List of decimal fractions corresponding to the sea- P ‘ 3 is Fi 19-203 34-35; 49-50; 64-65
ELECTRICAL sona) variations in the averag? annyal power cost OUFAC pust be one card In this File. { 3 )
POMER COST specified in FILE E.  Colums (11-15; 16-20; 21-25; NUHBER Husber of years to be simulated by the Allocation HUMYRS YEAR Simlation year for completion of the LT
FACTORS 26-30; 31-35; 36-40; 41-45; 46-50; 51-55; 56603 OF YEARS Progran (yr::ximm of 45 years}. Columns {21-30} reservoir. Columns (21-25; 36-40; 51-55; 66-70)
61-65; 66-70) 0 8F
SOL¥ED FILE 8 « LINK CONSTRUCTION TIi
- MES
FILE G - SEASONAL AVAILABILITY RUMBER Hurber of yearly networks that are to be solved in each HSOLVE
OF IMPORT NATER OF YEARS nultiyear network model as program moves over the LIRK START L;smd beJow are. deta’ille;i descriptions of the data
I EACH irulation period. The procedure used by the program elements specifying the installation times of all
IMPORT Listed below are detailed descriptions of the data SCLUTION ?or adding §'ﬁd deleting 3emy networks, from the conveyance tinks in the system. Starting times
specifying the seasonal availability of inport water NETHORK sultiyear network, 35 described in the discussion of for as many as 4 links are read per card. There
into the system. There must be one card in this file. A must be sufficient cards in this file to read data
Subroutine SHIFT. The nusber of years in the for all HL (FILE A) Hinks.
HAXIMUY Maximum volume (in 1,000 acre-feet) of water available I multiyear network must be at Teast one and can be
THPORT for import into the system in each year. Columas {11-15) as many as desired so long as the total number HUMBER Humerical designations for 1ink. Columns (19-20; 1
of nodes and arcs do not exceed 500 and 1,800 re- 34-35; 49-50; 64-65)
SEASONAL List of decimal_fractions specifying the portion of I3 spectively. This point is discussed further in the
DISTRIBUTION the total amnual mport water that is available in each eartier section discussing the capabilities of the YEAR Simulation year for completion of the link. Columns LBLT
OF AVAILABLE season of the year {maximum of 12 values). Columns

WATER IMPORT

{16-20; 21-25; 26-30; 31-35; 36-40; 47-45; 46-50;
51-55; §6-60; 61-655 66-70; 71 75).

program.

(21-25; 36-40; 51-55; 66-70)

Froure VIII-B

AL-IV Treut Frie DescripTion
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INPUT FILE DESCRIPTION

BROGRAN CARD OR PROGRAM
cano on BESCRIPTION VARIABLE FIELD I DESCRIPTION VARIBLE
END-OF-YEAR Set of as many as 13 yearly target terminal storage TrAC
TARGET RESER- Tevels for the reserveir as decimal fracticns of the FILE 5 - JUNCTION WATER DEMANDS
VOIR STORAGE maximum reservoir storage (FILE 8}, Each walue must
LEVELS be no greater than 1 and no less tham the fractjon DEMANDS Listed below are detatled descriptions of the data

assoctated with the minimum storage poo} {FILE 8}. specifying intake demands {not the consumptive use)
If the number of years NYR (FILE A) in the simula- of the reservoir and non-storage junctions in the
tion period exceeds 13 then the target annual ter- system for a single year. The demands at any junction
minal storage levels for years 14 and beyond are all @iy vary by season by year over the simulation pertod.
set equal by the program to the target given for There must be B3 (FILE A) cards in this file, with
year 13. Columns (26-28; 30-33; 34-37; 38-41; 42-45; Junctions read in sequential order.
46-49; 50-53; 54-57; 58-61; 62-65; 66-69; 70-73; 74-77)
3 YEAR NO. Year in the simulation in which the seasonal demands
1 A decimal fraction specifying the probable underestima- AP on the card occur. Columns (13-15)
tion in each required yearly target terminal storage
level given for the reservoir. This variable is applicable HODE %0. Humerical designatfon for the junction. Columns (19-20
9 )
for use with operating Option 2 when the storage target
may stightly underestimate the required carry-over storage SEASONAL TN~ List of seasonal intake demands at the junction (in 0
needed in future years. The value for o may vary with the FLOR VALUES 1,000 acre-feet). Columns (21-25; 26-30; 31-35; 36-40;
accuracy of the targets; however, experiences with storage 41-45; 46-50; 5i-55; 56-60; 61-65; §6-70; 71-75; 76-80)
targets generated by the DPSIM program indicated that o=.1
was satisfactory. A nonzero valug 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 use;‘ is utitized FILE T - RESERVOIR NET EVAPORATION RATES
in the program to increase the targets from later to Uisted below are ited
earlier years in the simulation period. These increases EVAP RATE specffyi:q tr.:rsefio“ﬁuenegeiﬁzéﬁm?én°:a§25 ?!aat:
are cwwlative since they take into account intervening single year at the reservoirs in the system, These
Tosses. (Columns {78-80 sust be NRES (FILE A) cards In this file, with the
reservoirs read in sequential order.
FILE § - DEMAND SHORTAGE COSTS YEAR 1O Y:ar in the simulation in which the seasonal evapora-
N " t k< . .
SHORT COST Listed belog are detaled dascriptions of the data on rates on the card occur.  Columns (13-15)
specifying the unit cost incurred at each junction for i N .
failing to supply the maximun intake dewand. The unit RODE KO, ?‘{x&‘);ﬂ designation for the reservoir. Colums
shortage costs must be provided for each season of the
year, with a maximum of four seasons on each card. SEASONAL List of seasonal net evaporation rates at the £
reservoir (in fes . Col -25;
KUMBER Nuserical designation for the junction. Columns (19-20) 3 ElkeoarIon faservolr (0 35?26?3??3%; P AEIC T
£ 61-65; 66-70; 71-75; 76-80]
SEASON Humerical designation of the season within the year. 1
This must be a positive integer value no greater than
12. Colums {21-25; 36-40; 51-55; 66-70)
UNIT cosT Unit Cost of shortage in the demand {in $/acre~foot) ST (1, 9)
at the junction in the indicated season. Columns
{26-35; 41-50; 56-65; 71-78}
FILE R - JUNCTION UNREGULATED INFLOWS
WIREG INF Listed below are detailed descriptions of the data
specifying the seasonal unregulated (natural} inflow
into all junctions in one simulation year. Each card
contains up to twelve seasonal inflow values for a
single junction. There must be N} (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
YEAR 10. card occur. Columns {13-15)
HODE HO. liumerical destgnation for the junction. Columns
: (19-20)
SEASOMAL List of unregulated seasonal inflows fnto the junc- u
INFLOH VALUES

tion (in 1,000 acre-feet). Columns (21-25; 26-30;
31-35; 36-40; 41-453 46-50; 51-55; 56-60; 6]-65;

66~703 71-75; 76-80) Ml)a“) -Noegetive

tlows re?gq;i'eaﬁ. h

Fiewe VIH-D
A=V Tneur Fiie Descrierion







TEXAS WATER DEVELOPMENT BOARD
ALLOCATION MODEL

~1

PROGRAM_QUTPUT CONTROL
ANNUAL QUTPUT CONTROL (1COL/YR)
Ih-print all output plus network model;"0"-print aZZ output, "2t.guppress marginal costs;
3"-suppress all o

NI FL T EERNANERNNNANRENENN NRRNNNNRRRRNAN

T1el3]4i5]6]7in]siolulr]i3[1a]is]we [i7Tis o [20jatfre[e3[2efes]ze]27]on20[s0]s 1 [32]33)34]35 6] 37|38 30[40] a1 [42]43]5a]sxlae] “fesles 1 v2l73]7al 75 176[r7[78 |79 80]

F_ALLOCATION PROBLEM
] 2 T WUNBER OF YEARS |
NUMBER OF YEARS ¥ EACH SOLUTION
T0 BE SOLVED WETWORK

SYSTEM SPILL.
MAXIHUM NODE

SPILLAGE UNIT SPILL COST NUMBER OF
(1000 AC-FT/SEASON) ($/4C-FT) SPILL NODES

EEREEEEREERERREERRERERREREN
SYSTEN SPILL NODES

RESERVOIR CONSTRUCTIUN TIﬁES
RESERVOIR START LTHES

Yes

INITIAL RESERVOIR STORAGE
RESERVOIR STORAGE CONDITIONS {PERCENTAGE OF MAXTMUM &
PERCENT

34]35/36157] 361 20| 50041 42} 14s]

RESERVOIR QPERATING RULES
TARGET RESERVOIR STORAGE LEVELS WAL FRACTION OF MAXIMUM ST

S| YEAR 3 | YEAR YEA YEAR ¢ | YEAR ? | YEAR 8 | yean o | veaR

R S
R N
R N
R N
R S
R N
4 9

0l BEIEE i 23124 i 8l39]{40}41

ALl mameric fielde without desimals F1eure IX-B
£
are integer M-IV Inpur Seger
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Reservoir Net Evaporation Rates (NRES Cards)

Junction Water Demands {NJ Cards)

Junction Unregulated Inflows (NJ Cards)

Demand Shortage Costs

Reservoir Operating Rules (NRES Cards)

Initial Reservoir Storage

Link Construction Times

Reservoir Construction Times

System Spill Nodes ( 1 or 2 Cards)

System Spill Description (1 Card)

Time Dimensions of Allocation Problem {1 Card)

Program Output Control (71 Card)

Seasonal Variation of Link Conveyance Factors

Card)

Seasonal Availability of Import Water (1 Card)

Seasonal Variation in Power Costs (1 Card)

Economic Parameters (1 Card)

Link Description (NL Cards)

Stream Junction Description (NJ Cards)

Parameters NJ, NRES, NJUNC, NL, NC, NR, NYR, NSEAS,

IYEAR, IDATE, IMP

Fieure X
AL-IV Input DATA ORGANIZATION







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 1ink is dependent on the status of the entire
system network, the marginal cost refers only to the last unit increment
(one cfs) of Tink flow.

Negative marginal costs relate to upper flow (bound) constraints.
For example, if the flow in a particular 1ink is at its upper 1imit 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-foot. 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 Tower 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 Tower bound (elevations) for an optimum solution and that no gain
- or Toss will occur if the constraints are changed.







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 no possible
outlet for the water,

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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ExXAMPLE OUTPUT







=VELOPMENT BOARD
ALLOCATION MODEL
s e ok st sfe sk ok o ok o kol K ok ok koK sk ook kO o ok ok koK ok stk ok skoloRok kol kol ok ok ok ok dokok ok kok ok ok R

. DETAILS OF THE PROBLEM ARE AS FOLLOWS
1) THERE ARE 15 JUNCTIONS,» OF THESE

A) THE FIRST 10 ARE RESERVOIRS
B) THE LAST 5 ARE LINK JUNCTTONS
C) IMPORTED WATER ENTERS AT NODE 0
D) SPILLS FROM THE SYSTEM CAN OCCUR AT 1
NODES, THESE ARE NODES
15

2) THERE ARE 23 LINKS.OF THESE

g9

A} THE FIRST 12 ARE RIVER REACHES
B) THE LAST 11 ARE PUMP=CANALS

3) THERE ARE 11 YEARS IN THE PROILEM
A) THE FIRST YEAR IS 1
8) 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

e
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. , . ) _C OR RIVER
st e 3K o ok Kk R Kok K o 3ok ok ok kK ok Kok ok sk ok 3 o R KK ok sk koK K o sk sk o ok e o o ok ok S ok ok ok ok o sk e o ok o Kok e ok R Kok ol kR b Rk ok R R R oF

LINK LINK NAME ORIGIN TERMINAL MAXIMUM MINTIMUM TOTAL DYNAMYC SEASOMAL SIMULATION
NO. NONE NODE FLOW FLOW PUMPING HEAD LOSS YEAR LINW
CFS CFS FT COEFF, BUTLT
1 MED=-APWT 1 4 .0 o0 o 950 1
2 APLWT=10 4 i0 90000.0 .0 o N 250 1
3 10-GOLAD 10 6 90000.0 o0 o N . 950 1
4 CIB-GOLD 5 6 90000.0 .0 o 950 1
5 GOL-CONF 6 14 30000.0 o0 o + 250 1
6 CONF=SAB 14 i5 90000.0 o0 o N « 950 1
7 CAYN=SEG 3 i1 90000.0 o0 o « 250 1
8 SEG-CUR1 11 8 90000.0 0 o N « 350 1
9 LX=CUR1 9 8 90000.0 0N o « 350 1
10 CUR2=-13 7 13 906000.0 o0 oD 950 1
11 CUR1-13 8 13 90000.0 o0 o0 950 1
n 12 13=-CONFL 13 14 90000.0 o0 o N 250 1
~ 13 MED-EDWD 1 2 .0 o0 o0 « 950 1
15 EDWD-SEG 2 i1 o0 o N o N + 950 1
16 CUR1~CR2 B 7 90000.0 o0 o 250 1
17 EDWD-SAD 2 i2 300.0 o0 60,0 1.700 1
18 SEG~SADM 11 iz 100.0 100,.0 500,n 1.000 1
19 CIB~SADM 5 12 360.0 o0 654 ,.,n 1.000 1
20 CUR2-CIB 7 5 325.0 .0 358.n 1.000 1
21 APLWT=SA 4 12 o0 o0 RE N 1.000 1
22 CUR1-CIB 8 5 0 o0 358,10 1.1700 1
23 CUR2-CR1 7 8 .0 0 o N 1.700 i
Table III-C
Tabled Printing of Input Data
S —












ALK % L 44 3

Tabled Printing of Input Data

. ~ RESERVOIR START CONTENTS
23 e S ok s e e s o ok ol e s o e sl o e ol o ok ok o s s sk ke ol o s sk ol sl e S ol sl sl ol ol ol o o ofe i R o s K o o o o ok o o ok s ke ek

Tabled Printing of Input Data

NODE RES OR JUNC PCT FULL-=DECIMAL

NOo, NAME STRT STMR
i MEDINA 100.0000

2 EDWARDA 10N0.0000

3 CANYON 10N,0000

4 APLE WwWHT 75.0000

5 cisoL0 75.0000

A GOLIAD 75.0000

7 CUERO2 75.0000

8 CUERO1 75.0000

9 CLOP CRX 75,0000
19 CAL-VDB 75,0000

]
Table III-G
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16
17
18
13
20
21
22
23
IMpP

€9

i
i

OB T E G- =3

o4
488

699
763
754
766
216

SO OO0o

218

415
539
374
342

341

528
321
95

131

315
227

Table IV

294

489
be2
328
277

Seasonal and Yearly Average Link Flows






g9

3

i

5

6

7

a

9
10 - 00
11 =.00
12 18
13 =-.02
iy 36
15 ° 36
16 =,00
17 "'1037
18 =o,92
19 000
20 203
21 -1.85
22 203
23 00

=00

Seasonal and Yearly Average Link Power Costs

=00 « 00
=o 00 .00

S .17 «18
=02 =o01
2 J6 * 36
-1.07 =1.,07
« 00 =00
"1040 ‘10“5
49 ol
=400 =,00
«00 =05
“1086 "'1.093
200 =.0H

- 00 200

Table VI

Marginal Costs for Link Constraints
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5
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9 -.00 .00 =.00
10 .05 -o13 .08
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Table VIII

Marginal Costs for Reservoir Constraints

Seasonal and Yearly Average Reservoir Storage







Table IX

Marginal Costs for Continuity Constraints

69

Table X

Seasonal and Yearly Average Spills






| RESERVOIRS
CAPITAL

-
™M
>
)

141805,
141805,
141805,
141805,
141805,
141805,
141805,
141805,
141805,
141805,
141805,

HOOUENOUF 0N

o s

LL

O AND

142,
2%” ©
425,
567,
709,
851,
993,
1134,
1276,
1418,
1560,

CONDUITS

Maximum Link Flows

CAPITAL 0 AND M
207421, 207
207421, 415,
207421, 022,
207421, 83N.
207421, 1037.
207421, 1245,
207421, 1452.
207421, 1659,
207421, 1867,
207421, 2074,
207421, 2287
Table XII

S IMPORTS

0.
0,
0,
0.
0.
0,
0.
0.
0.
0.
O.

Total Costs at the End of the Simulation

POWER

1931,
4230,
HU57,
ans2,
11653,
14353,
17261,
20229,
23255,
26294,
28873,

DEFICITS

° e o

DDDDDDDDD
L]

482,
1132,

TATAL

351507,
350185,
ARAT31,
30675,
362625,
365675,
368032,
372248,
375624,
377495,
3”073,







Present Values of the Total Costs

DEFTCITS TATAL

1 53, 0o EO6HG,
2 12363, N FNRAEU,
3 12363, 18084, 530, N 21064,
4 12363, 45, 18084, 66, 0. 720. 0, 31279,
5 12363, 55, 18084, 81. 0. 900, 0o 21483,
6 12363, bl . 18084, LN 0. 1076, N, 31682,
7 12363, 73 18084, 107, 0. 1254, 0, 1882,
8 12363, 21, 18084, 1193. 0. 1426, n, 32074,
9 12363, 89, 18084, 130, 0o 1592, N 2P259.
O 1236}3. 960 180“4. 1419 0. 17""9. 250 10“580
1 12363, 103, 13084, i51. 0, 1874, 57, 32633,

A

Table XIV

Annual Costs
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R R S R

. , THIS

* & K 2 A *:
IS THE MATH PROGRAM FOR SOLVING THE ALLOCA-

TON PROBLEM, ALL SUBROUTINES ARE CALLED FROMIT, THE
RESULTS ARE" THE LEAST COSTLY 'WAY 'TO OPERATE ‘A SYSTEM
OF "RESERVOIRS AND CANALS TO MEET A GIVEN SET OF
DEMANDS .

KEFRRERKERFAFR R AR RK KRR A KA AR TR R KRR KRR KRR EF ®kk * *
COMMON /NDATA/ NSOLVE,»LSOLVE,NYEAR,NSsSCAP NI +NREADsMAXYR
COMMON /SDATA/ NJrNRES ¢ NJUNC,NL o NC o NRyNYR/NSEAS, IYEARs IDATE TMP» IN
COMMON /JDATA/ RNAME (30,2} »RCAP(30) +RETSW (30) »CRES(30) yRMIN(30) #NL
1INK(30+8) ,FSTART(30),DLO(30)
COMMON /LDATA/ CNAME(85,2),CLINK(2,45¢3)CCAP{45) »CPUMP (45) » CMIN(Y
15)rCLIFT(45) (EL{45) yLNODE(45,2)
COMMON /ADATA/ NF(3600) /NT(3600),COST(1800),AMP(1800) +FLOW(1800) oH
11(1800) +LOWER(1800) +ARCS
COMMON /MDATA/ XX(12)ELF{12)+XIMP»KSPILL
COMMON /MISC/ AMIN,ADELT,NDELT
COMMON /V/ SOURCEsSINK¢NARC,OUTFLO»FLONET»CSTNOW, TOTCSTNODES, IFS,
1IR0OTEPS,RIG/NDEG/NLOP»SICH, ITER/NPRIT, TIMAX» TIME» IPRINT
REAL LOWER
INTEGER ARCS/,SOURCESINK
koK ok o Ko R KK R ok KK R oK KKK K ok ROk K o KK KRR KKK K K R KRR kKo KRR

C
c
c
c
C

c READ SYSTEM INPUT DATA FROM CARDS

ook Kok Aok ARk KK R KRR 30KOR ¥ 4 KKK KKK F ook 3K oKk ok ok Kok Kok R Kk R koK
CALL INPUT
IFIGz1
NREAD=1

(o T g L T L L P P
o SOLVE THE ALLOCATION PROBLEM.
C FIRST CONSTRUCT A NETWORK OF
C NSOLVE YEARS. THEN PROCEED
c THROUGH TIME BY ADDING A YEAR
C TO AND DROPPING A YEAR FROM THE
c NETWORK AND SOLVING THE NETWORK
C PROBLEM, EACH SOLUTION PROVIDES
[ THE RESULTS FOR THE FIRST YEAR
[ IN THE NETWORK. THIS YEAR wILL
C AF DROPPED FROY THE NETWORK IN
c THE NEXT SOLUTION.
o T S LTS L b T A P L L P T S R R R T g R T S
DO 60 IYEARSNREAD/NYEAR
CALL ARC
IF (NSOLVE.GT.IYEAR) GO TO 60
CALL GAIN
20 CALL OUTPUT
[ R L L g s S L R TP T T
c INITIATE RESTART PROCEDURE FOR NETWORK MODEL
C IF RESERVOIR STORAGE SEGMENTATION CONSTRAINTS
ARE VIOLATED
o R L T R R T Y e e T
IF (TIMAX=1.) 50.30,30
30 DO 40 I=1,ARCS
40 FLOW(I)=0.
CALL GAIN
60 TO 20
50 CALL PREPAR
CALL APRINT
CALL ADJUST
CALL SHIFT
60 COMTINUE
IF (NSOLVE.E0.1) GO TO 80
DO 70 ISOLVE=2,NSOLVE
IYEAR=NYEAR-1+IS0LVE
CALL PREPAR
CALL APRINT
CALL SHIFT
70 CONTINUE
80 CONTINUE
[ R e R L L Py L L L T T T PR ISR T SR I S e e v rerensny
C CALCULATE COSTS AND PRINT

c ANNUAL SUMMARIES,

Cook d ok ok KRR IO KRR IOR Kk R KR Rk KR AR K ook Kok 3ok ok Kok o K ok ok ok ook
CALL COSTX
CALL SPRINT
STOP

END

SSUBROUTINE! ADJUST
[ R PR T L e E S ot e R T P P T oY LTI Y

c THIS SUBROUTINE FINDS THE ADJUSTMENTS THAT MUST

c BF MADE IN THE LOWER AND UPPER BOUNDS OF THE NET
c BALANCE ARCS WHEN A SOLUTION HAS BEEN FOUND FOR

C ONE YEAR.THIS YEAR IS THEN DROPPED FROM THE

C NETWORK

kAR AR Ak A KRR KR Ao KA KK KRR ok KK ok AR K *Hrk

COMMON /NDATA/ NSOLVE(LSOLVE )NYEAR,NS»SCAP e NI #NREAD»MAXYR
COMMON /SDATA/ NJrNRESsNJUNCeNLNC/NRyNYRyNSEAS) IYEAR IDATE » IMP» IN
COMMON /ADATA/ NF (3600) ¢+NT{3600),CO0ST(1800) rAMP(1800)+FLOW(1800),H
11(1800)»LOWER(1800) rARCS
COMMON /MISC/ AMIN:ADELT/NDELT
COMMON /ADJST/ IADJ»SADJIMADJDADJ IDROP» JDROP » MDROP» SDROP+ ISTORE,
1I5ADJ
INTEGER ArAA,AMIN,AIMINyARMINS ASMIN:DADJ»SADJsARCS
INTEGER SDROPsAB
REAL LOWER
C ok Aok A ok o KR 30K ¥ KK Kok R R Rk R Rk R ok ok kXK RE * *kkkk
C INITIALIZE VARIABLES
o e L S Ty T T P S PR L ST Y kK
IADJZO
MADJ=0
DADJ=0
ISADJ=0
SADJ=0
IDROP=0
JOROP=0
MDROP=0
SDROP=0
[ e R e s ST * LEE S
C HAIN COMPUTATIONAL LOOP
CHAd AR AOR R F KK 0Kk R ok KRRk KooKk Fok K Aok ok KoK Rk ok KKk
DO 40 I=1,NSEAS
AIMINSAMING (I«1)*(NJ+1+24NRESH+NL4NS+MI)
ARMINZAIMIN+NJ+1
ASMINZARMIN+2#NRESHNL+NS
[ T L e L P T T 2L et 113

Kk
c CALCULATE ADJUSTMENTS FOR THE BOUNDS ON THE
[ MET INPUT AND DEMAND ARCS
C o Aok oK sk i o oKk o oK KR IR K R OK  RROoR ko ok Kk oK ok kK R ko ko *% LR L 23
00 20 J=1,MNJ
AZAIMIN®J

DADJ=DADJ+HI(A)
JDROP=JDROP+FLOW (A}
20 CONTINUE
A=ARMIN
MADJZMADJ4HI(A)
MDROP=MDROP+FLOW(A)
[ R R e P TS L S Y AR AR E LR i 23
o CALCULATE ADJUSTMENTS FOR THE UPPER BOUND ON
[ THE NET SPILL ARC
C ok Aok ko KRR R R o K KK KK A K R Ok ok KKK Ok R R kK K *k
D0 30 J=1.NJ
AZASMINGJ
IADJZIADJHHI(A)
30 CONTINUE
40 CONTINUE

(R R R TR e T e R F P P S T L S P S ST e T * kKK
C CALCULATE ADJUSTMENTS IN THE INITIAL STORAGE ARCS
o R L s T e e e ey
ISTORE=0
DO 50 J=1:NRES
AzJ+6
AAZJ+ARMIN
ABZAA+NRES

LOWER{A)=FLOW(AA) *AMP (AA) +FLOW (AB) *AMP (AB)
HI{A)Y=LOWER(A)
FLOW(AYSHI(A)
ISTORE=ISTORE+FLOW(A)
50 CONTINUE
IDROP=IADJ
RETURN
END
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SUBROUTINE PRINTS THE AMNUAL SUMMARIES OF THE
LINK ELOWSY POWER COSTS AND DUAU VALUESyTHE .
RESERVOIR STORAGE LEVELS AND: DUALTVALUES+ AND THE
DUALTVALUES FOR THE CONTINUITY EQUATIONS
* ¥k * ok kK * LSRR IS 2SS 22222 S S22 23
COMMON - /NDATA/ NSOLVE(LSOLVE,NYEAR,NS»SCAP/NI»NREADyMAXYR
COMMON /SDATA/ NJsNRES#NJUNC,NL#NC/NR)NYR:NSEAS» IYEAR» IDATE s IMP ¢ IN
COMMON /RDATA/ JS(10),JBLT(30)/LBLT(45)
COMMON /APRNT/ APOW(50),AIMP(50),QM(45),ISHORT(50)»ICOST(50)
COMMON /PRT/ IPRNT(45)
COMMON LQ(13+45)+LP(13+45)sLC(12,45)+RS(13+,30),RC{12+30)+CC(12+30}
1+JQ(13+10) ¢ IDEF(13230) + IMPC(50),ITOT(50)
INTEGER AIMP,RS,QM
INTEGER APOW
REAL LC
TL=NL+L
MZNSEAS+1
IYRZIYEAR=NSOLVE+]
20 FORMAT (1H1,5X,45HSEASONAL AND YEARLY AVERAGE LINK FLOWS IN CFSs8H
1 - YEAR 14}
30 FORMAT {1H1,5X,4SHSEASONAL AND YEARLY AVERAGE LINK POWER COSTS ¢27
1HIN THOUSAND DOLLARS -~ YEAR ,I4)
40 FORMAT (1H1,5Xr45HSEASONAL DUAL VALUES FOR THE LINK CONSTRAINTS:36
1H IN THOUSAND DOLLARS PER CFS ~ YEAR +I4)
50 FORMAT (1H1,5Xr45HSEASONAL AND YEARLY AVERAGE RESERVOIR STORAGE37
1H LEVELS IN THOUSAND ACRE=-FEET = YEAR »1I84)
60 FORMAT (1H1,5X»45HSEASONAL DUAL VALUES FOR THE RESERVOIR CONSTR.38
1HAINTS IN DOLLARS PER ACRE-FOOT - YEAR ,I4)
70 FORMAT (1H1+,5Xs45HSEASONAL DUAL VALUES FOR THE CONTINUIY CONSTR,38
1HAINTS IN DOLLARS PER ACRE-FOOT - YEAR ,»I4)
80 FORMAT (1HI»S5X»44HSEASONAL AND YEARLY AVERAGE SPILLS FROM THE #37H
1SYSTEM IN THOUSAND ACRE-FEET - YEAR »14)
90 FORMAT (1MH1s5X»3ZHMAXIMUM LINK FLOWS IN CFS - YEAR ¢12)
100 FORMAT (17Xs4HLINK» 16X s 4HFLOW» 17X 4HLINK» 16X, 4HFLOW//(4120))
110 FORMAT (7H SEASONeI4,11I8,4X,4HYEAR)
120 FORMAT (7H SEASON,I4,1118)
130 FORMAT (5H LINK)
140 FORMAT (5H RES.)
150 FORMAT (5H NODE)
160 FORMAT {4H IMP,1318)
170 FORMAT (1H 13,1318)
180 FORMAT (1H I3,13F8.2)

[ R T L s L R R L e e g *kk
C PRINT SEASONAL AND YEARLY

c AVERAGE LINK FLOWS.

Cokakok ok 4ok LESZ 2L 1] ** FAEK KRR E

IF (IPRNT(IYR).EQ.3) RETURN
WRITE (6020) IYR
WRITE (6+110) (I,I=1,NSEAS)
WRITE (60130)
DO 190 L=1,NL
WRITE (6170) Lo (LOCI+L)rIS1M)
190  CONTINUE
WRITE (6r160) (LQ(I,IL)»I=1,NSEAS)sAIMP(IYR)
[ 3 2 TSI P TS I P L s e Y
¢ PRINT SEASONAL AND YEARLY
¢ AVERAGE LINK POWER COSTS.
CHkkk ok ok kok KKKk FEER AR R R TRk kR Rk kR Rk kR Rk kK
WRITE (6+30) IYR
WRITE (601103 (I,IZ1,NSEAS)
WRITE (6r130)
DO 200 L=1,NL
WRITE (6,170) Ly(LP(I+L)sI=1,M)
200 CONTINUE )
WRITE (62100 APOW(IYR)yIMPC(IYR),ICOST(IYR),ITOT(IYR)
210 FORMAT (//22H TOTAL PUMPING COST = »112,/22H TOTAL IMPORT COST =

12112,/22H TOTAL PENALTY COST = »I12://22H TOTAL COST = »11
22)

Coksokok ok ok Aok KRR R K R OK Kok 3K R Kk KoK Ak L2 25

c PRINT SEASONAL DUAL VALUES FOR

c THE LINK CONSTRAINTS, THESE ARE

c THE COST OF MOVING ONE MORE TAF

c THROUGH THE LINK.

oo ok ok ok K ok K ok ok KooK Ok R ok Aok KRR kR ok ok ok oK

NT(IYR).EQ.
WRITE (6,40) IR o
WRITE (6r120) (IrIZ1,NSEAS)
WRITE (6130)
DO 220 Lz1sNL
WRITE (6,180) L¢(LCCI/L)sIZ1,NSEAS)
220 CONTINUE
230 CONTINUE
[of kX
¢ PRINT SEASONAL AND YEARLY AVERAGE
RESERVOIR STORAGE LEVELS.
ChkkkkrkksokkrkkEk Rk kR
WRITE (6,50) IYR
WRITE (6,110) (I,1=1,NSEAS)
WRITE (6,140)
DO 240 J=1/NRES
WRITE (6+170) Jv (RS(I+J)rI=1sM)
240 CONTINUE
Caokekkodok ok koK R R 3ok kKRR R Ak
¢ PRINT SEASONAL JUNCTION DEFICITS
Ck ok skk ok R ok kKK R kKRR koK *k *ok kKK
WRITE (6,260) IYR
WRITE (6,120) (I,I=1,NSEAS)
WRITE (6,140)
JUZNSEAS+1
DO 250 J=1,NJ
IF (IDEF(JJrJ).EQ.0) GO TO 250
WRITE (6+170) Js (IDEF(I+J)sIZ1rNSEAS)
250 CONTINUE
260  FORMAT (///15Xs45H SEASONAL JUNCTION DEFICITS IN THOUSANDS OF As17
1HCRE-FEET  YEAR=»14)

CHxmRERREE % *

c PRINT SEASONAL DUAL VALUES FOR

c THE RESERVOIR CONSTRAINTS. THESE

C REPRESENT THE COST OF ONE MORE
AF  OF STORAGE.

[ R E e L P e e 22 ook kK

IF (IPRNT(IYR).EQ.2) GO TO 290

WRITE (6:60) IYR

WRITE (60120} (I,I=1,NSEAS)

WRITE (60140}

DO 270 J=1/NRES

WRITE (6+180) Js(RC(IrJ)sI=1/)NSEAS)
270 CONTINUE
C ok koo Aok Aok 30Kk ok Rk ok kR ok ok Kok %

c PRINT SEASONAL DUAL VALUES FOR
c THE CONTINUITY CONSTRAINTS,

[ THESE REPRESENT THE COST OF

C PUMPING ONE MORE AF TO THE NODE.
C kokdoR K % A ok kR koK ok ok Kk kK

WRITE (6+70) IYR

WRITE {6+120) (I,I=1,NSEAS)

WRITE (6,150)

DO 280 J=1.NJ

WRITE (6+180) Jr (CC{IrJ) ¢ IZ1/NSEAS)
280 CONTINUE
290 CONTINUE

Cxx¥ kAR R R

c PRINT SEASONAL AND YEARLY AVERAGE
c SPILLS FROM THE SYSTEM.

CHx¥ kA *

WRITE (6.80) IYR

WRITE (6¢110) (I,I=1,NSEAS)

WRITE (60150)

DO 300 J=1:NS

WRITE (65170) JS(J)» (JA(I,J)sI=1sM)
300 CONTINUE

CHrekkkkk iRk KRR KK
WRITE MAXIMUM LINK FLOWS
Cadhdrkkekk EEEE TS

WRITE (6:90) IYR

WRITE (6:100) (L,QM(L)»L=1sNL)
RETURN

END
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IMPORTZIMPORTHHI(A)
£ Aok ko ok ok kR AR KR R K KK RO RO Rk R R RoR Aok ok R R Aok R Rk Kok R R R R R ko ok ok
GENERATE DATA FOR RESERVOIR STORAGE ARCS
ok Rk ok RO R Rk K kR ok R kKRR Rk RO KRR R ok Rk R ook R Rk g R Rk
NYSTR=NYEAR
INCRM=-1
DO 220 JZ1.NRES
STAR(J) = 0.
IF (I10PT(J).ER.1) GO TO 220
APZALP (J)
IF (AP) 220,220,200
200 CONTINUE
AP1z1.-AP
SUMT=0
DO 210 IJ=MYSTR,IYEAR» INCRM
1I=1J
IF(IJ.GT.13)I1=13 .
210 SUMTZ(TFAC(II»J)+SUMT)I/APL=TFAC(II,J)
STAR({J)=SUMT
220 CONT INUE
DO 330 J=1,NRES
JF=J
ASARMIN+J
NF (AY =7+ (T=1)*NJ+JIF
NT (AY=NF(A) +NJ
LO(AY=0
HI(A)=0
COST(A)=0.
ABTARMIN+NRES+HJ
NF (AB)=NF (A)
NT(ABYZNT (A)
LO(AB) =Y
HI{AB)=0
COST(AB) =0,
AMP(A) =1, - (E(TSEASrJ)*ACO(Jr 1))
AMP(AB) =1, ~{(E(TSEAS,J)*ACO(J,2))
IF (JUBLT(J).GT.IYEAR) GO TO 300
SLOW=AMINL (RMIN(J) »BND(J))
LO{AY=SLOA/AMP(A)
IF(RMINCY) LO6T.RND(J)ILOCAR) = (RMIN(J) ~-BND{JY) ZAMP (A)
IYXZIYEAR~-JBLT(J)+1
IF(IYX.6T.13)IYX=13
TE=TFACIIYX J)+STAR(J)
IF(TF.6T.1.)TF=1,
IF(TF*RCAP(J) JLT.RMIN(J) ) TFZRMIN(J) /RCAP (D)
BN=BND (J) /RCAP(J)
IF (IOPT(J)~1) 300,230,260
[ e e eI P s 222
RESERVOIR OPERATING RULE =~ OPTION 1
[ T R R e T
230 HI(A)Y=BND (J) /AMP(A)
IF {ISEAS=NSEAS) 250,240,240
240 IF(TF.LT.3M) TFzBN
HI (ABYZRCAP (J) « (TF-BN) /AMP (AB)
COST(AB)==TCST(J)
COST{A)==TCST{J) -1,

60 1O 300
250 HI(AB)ZRCAP(J) *x(1.~AN)/AMP (AB)

cosT(a)=-1.

60 70 300
C Ak Rk ko Rk ko Kk F ok ok KRR KR K Rk OB R Kok KR KKk ¥ ok ko kKo Rk oK ok k kR ROk k¥
c RESERVOIR OPERATING RULE -~ OPTION 2

C Ak ok 0K ok 0k s K ok ok Kok KK 30K ok ok Kok ok Rk e KKK KOk R K o ok ok e ok Kk OK Kok kR ok R kR R Rk Kk ok

260 HI(A)=3ND(J) /AMP(A)
IF (ISEAS-NMSEAS) 270,280,280
270 HI{AB)IZRCAP(J)Y*(1.«BN)/AMP(AB)
COST(A)=-TCST(J) =1,
IF {BN.GT.TF) 60 TO 300
LO(AYZHI(A)
G0 TO 300

{1CAB)=RCAP (U (1.~BN) /AME (AD) . .

1E LTEARCAR(J) WGTLRMINCGI) )LOUAB) ZRCAP.LUI X LTE=BN) ZAMR (A7)

COST(AB)Z=TCST ()

50 To 300
290 LOCAYZRCAP (J) *TF/AMP (A)

COST(A)=~TCST (J)
306 CONTINUE
Cxx* ****************************************************************W****

CORRECT FINAL STORAGE ARCS

C***********t***********************************************Y***********

IF (1.NE.NI) 60 TO 330

NT(A)=6

NT(AB) =6

FSTOREZFSTORE+HI (A)+HI (AB)

IF (ISOLVE.E0.1) GO TO 330

AAZA=ADELT

NT (ARY =NF (AR) +NJ

ACZAB-ADELT

IF (IOPT(J).EA.1) GO TO 320

TF=TFAC(IYX=1+J)

IF (BN.GT.TF) GO TO 3i0

IF (TF#RCAP(J) JLT RMIN(J) ) TFZRMIN(J) /RCAP (J)

LOCAC)ZRCAP (J) * {TF=BN) ZAHP (AC)

60 To 320
310 CONTINUE

LO(AC) =0,

HI(AC)=0.

LOCAA) ZRCAP (J) *TF/AMP (AA)
320 CONTINUE

NT(AC)ENT (AA)
330 CONTINUE
C#**********************************************************************
c GENERATE DATA FOR CANAL AND RIVER ARCS
C*********t**t**********************k***********************************

DO 380 L=1,NL

JFZLNODE (Ly 1)

JTZLNODE(L,2)

AZALMINAL

NF(A)=7+(1~1) #NJ+JF

NTCAYS7+(T=1) *NJ+JT

LO(AY=0

HI(A)=0
CHAAEFAAAAR A KA AR AR AR A AR AR A oK FK KR KRR Rk K R KKK Kok o R ok kb koK &
o CONVEYANCE FACTORS FOR PIPELINES ARE NOT
c ADJUSTED SEASONALLY

Cook ok Aok ARk KO8R KR KR K ok SR ook OF KKK KRR KOk ook 4 Kk bk ok Kok K
IF (EL(L)=~1) 350,340,350
340 AMP (A} ZEL(L)
60 TO 360
350 AMP (A) ZEL (L) *ELF (ISEAS)
360 CONTINUE
IF(LBLT (L) JLELIYEARIHI(A)=CCAP (L) /16.6%5URS
IF(LBLT(L) JLELIYEARILO(AI=CMIN(L) /1646%5U8S
COST(A)=CPUMP (L) %CLIFT(L)*POWFAC(ISEAS) *16.6
IF (COST(A}) 370,370,380
370 COST(A)=.0
380 CONTINUE
o R R R L L s T P P T R e ey
GENERATE DATA FOR SPILL ARCS
o R L T S T e P E R T L P T S g
DO 390 Jz1#NS
JEZJS (J)
AZASMIN+J
NFCAY =7+ {T1~1) *MJ+JF
NT{A)=5
LO(A)=0
HI(A)=SCAP
AMP(A)=1.
COST(A)=KSPILL
IF(KSPILL.LT.1)COST(A)=.001
SPILL=SPILL+HI(A)
390 CONTINUVE






https://IPRNT(IYRl.EG.ll

€8

R
s x RN KRR AR R AR KRR Rk
f IARC(3600)»JARC(3600)»COST(1800),AMPL1800) FLOW (180
0)URPPER(1800)LOWER(1BG0) yARCS
COMMON '/ XDATA/Z: V(500)»BARC(S00)RARC(500),FARC(500) +DISSET(500) +6A
IN(500) v ICHK (500) LIST(500)
COMMON - /V/ SOURCE«SINKesNARC,OUTFLO»FLONET,CSTNOW, TOTCST s NODES» IFS,
1IR00T,EPS,BIG+NDEG/NLOPySICH, ITER/NPRIT, TIMAX» TIME» IPRINT
INTEGER ARCS
INTEGER SOURCE,SINK+BARC:FARC/RARC,DISSET
REAL LOWER
IF (I.,GT.NARC} GO TO 60

Co ok Kok ok ok ok o ok ok KRR ok ROk KK Kk kK kK LSS S 2 22 el

COMPUTE COST ON FORWARD ARC

Tk dokokok ok o 4ok K F0k Kok K RO A KRR R K ok KKK ok R R Kook R kR kKRR R ok kR ok ok

20

30

40

50

IF (FLOW(I)=-LOWER(I}) 20,40,40
CONTINUE

COSTF=-BIG

RETURN

CONTINUE

COSTF=COST (1)

RETURN

CONTINUE

IF (UPPER(TI}=FLOW(I)) 50,30,30
CONTINUE

COSTF=BI6

RETURN

C gk ok ok kok ok Rk koRk kR xkk Aokokk Aok kKoK *

[

COMPUTE COST ON MIRROR ARC

sk oo oK ok K ok R KR oK K kKR KR Ak KRR Rk Rk K RO Kok ok kR Kok Rk Rk ok R K kokok ok ok ok

60

70

80
90

100

CONTINUE

K=I=NARC

IF (FLOW(K)-LOWER(K)) 90.70,80
CONTINUE

COSTF=~COST (K} /AMP (K)

RETURN

CONTINUE

IF (UPPER(K)-FLOW(K)) 100+70,70
CONTINUE

COSTF=BIG/AMP (K)

RETURN

CONTINUE

COSTF=-BIG/AMP{K)

RETURN

END

C
Cxx

, NOMIC COSTS

| S suse - ThHE
OF THE CURRENT SYSTEM CONFIGURATION

A KK R R R R AOE T AROR R KRR R AR R Rk XK

COMMON “/NDATAZ 'NSOLVE » LSOLVE s NYEAR 1 NS+ SCAP + NI »NREAD » MAXYR

COMMON /SDATA/ NJ»NRES »NJUNC » NLoNC #NRyNYRyMSEAS IYEAR» IDATE » IMP» IN
COMMON /JDATA/ RNAME (30:2) +RCAP(30) +RETSW(30) s CRES(30) +RMIN(30} #NL
1INK(30:,8)»FSTART(30),DLO(30)
COMMON /LDATA/ CNAME (45+2) sCLINK(2+4503) ¢ CCAP(45) » CPUMP (45) »CHMIN(Y
15) s CLIFT(45),EL{45) ) LNODE(45,2)

COMMON /CDATA/ PERINT.NPAY,POWR,RESONMs CONONMyCIMP+LAGR/LAGC,POWFA
1C12)

COMMON /RDATA/ JS(10)+JBLT(30) fLBLT (45}

COMMON /APRNT/ APOW(50) ¢ ATMP (50) »QM(45)  ISHORT(50) » ICOST(50)
COMMON CRESC(50),CRESOM(50) »CLINKC(50) rCLINOM(S50) » CIMPT(50) rCPOWR(
150) yCTOTAL(50) rPVRES(S0) »PYROM(50) » PVLINC(50) »PVLIOM(50) »PVIMP (50)
2¢PYPOWR{50) ¢+ PYTOT{50) » ANRESC (50) » ANRESO(50) » ANLINC (50) » ANLINO(50) »
IANIMP (S0) » ANPOWR(50) , ANTOT (50} » CPEN(50) s PYPEN{S0) ¢ ANPEN(50)
INTEGER QMyAIMPsAPOW

C ot ARk R ROk R R R K T T kA

c

INITIALIZE SUMS AND COMPUTE IMTEREST

c RATE FACTORS FOR PRESENT VALUE AND AVG.
c ANNUAL COST COMPONENTS
Cod ok gk ok kKR kK ok R K R R KR IOk fok Aok R kR Kk kK

ook K R R KK K ok Kk R ok R R ROK K R ok Ok KoK KR Rk Rk ok

CRESC(1)=0.
CRESOM(1)=0.
CLINKC(1)=0,
CLINOM{1)=0.
CIMPT(1)=0.
CPOWR(1)=
PYRES(1)=
PVROM(1)=
PVLINC(1)=0.

PVLIOM(1)=0,

PVIMP(1)=0,

PYPOWR(1)=0.

ANRESC(1)=0.

ANRESO(1)=0.

ANLINC(1)=0.

ANLINO(1)=0.

ANTMP{1}=0.

ANPOWR(1)=0.

ANPEN(1)=0,

PVPEN(1)=0,

CPEN{1)=0.

IPAYz~NPAY
ANFACZPERINT/(1,=(1.+PERINT) +*xIPAY)

c SET UP DO LOOP FOR ANNUAL VALUES AND
[+ COMPUTE COST FACTORS WITH RESERVOIR
[ AND CONDUIT CAPITAL COSTS INCURRED
C LAGR AND LAGC YEARS EARLIER RESPECTIVELY
Coxtodokkdokok ok Aok ok K ko R A KOk R KRk ok *hkk

DO 90 IYR=1,NYEAR

JZIYR+L

1IF (IYR.EQ.1) GO TO 20

IYR1=IYR~1

PVFAC=1./(1.+PERINT) %*IYR1

GO TO 30
20 PVFAC=1.0

CMPD=1,0
30 CONTINUE

C ok dokokokok ok ok ok 4Ok ok ok KoK ok KR ok K ok ok ok ROk KR K KR K kR Rk R ko Kok

C COMPUTE RESERVOIR COST COMPONENTS
Caokdokokk kR ok dok oK Rk Rk ok ook Kok Kok kbR kR ok ok okok R kok ok Fkokok
ANSUM=0.
ANSUNMO=0.0

40

00 50 K=Z1.NRES

IF (JBLT{K).GT.IYR) GO TO 4¢
ANSUMO=ANSUMO+CRES (K) *RESONM
CONTINUE






i

i

g8

END

P A
{50 )rﬁARC(SOO)cRARC(SOO)vFARC(SOO)vDISSET(SOﬂ)rGA

1N(500)  ICHK(500)/LIST(500)
COMMON. /V/ SOURCE» SINK#NARC»QUTFLO+FLONETyCSTNOW, TOTCST »NODES s IFS,
LIROOT+EPS,BIGYMDEGYNLOPYSICH, ITER/NPRIT, TIMAX, TIME» IPRINT
INTEGER ARCS
INTEGER SOURCEsSINK,BARCsFARC/RARC/,DISSET
REAL LOWER
EXTERNAL FLMXCyAMPF,COSTF
IF (II.6T.NARC) GO TO 20
CoHa¥ ook ko KRR R KA AR K R ARk Sk AOR K KR KRR o ok ok KK ok R Rk R Kok
CHANGE FLOW IN A FORWARD ARC.
C*******t********tx******t*******&**************************************
FLOW(II)SFLOW(TI)+FLONOW
IF (ABS (FLOW(II)~LOWER(II)) LT EPS)FLOW(II)=LOWER(IT)
IF(ABS(FLOW(IT) ~UPPER(TI)) LT.EPSIFLOW(ITI)SUPPER(IT)
CSTNOW= CSTNOW+FLONOW*COST(II)
G0 TO 30
C ok Aok AR Rk A AR KRk R K ORI A RO KK R Ko R ok ok ook o S A ook oo o kKo ok
CHANGE FLOW IN A MIRROR ARC,
CHA R KA ok KRR K KK AR OR BRI AR KRR K K KRR o ok 3 KoK ok ok K Kok ok Kok
20 CONTINUE
KK=II-NARC
FLONOW=FLONOW/AMP (KK)
FLOW (KK) =FLOW (KK) =FLONOW
CSTNOWSCSTNOW-FLONOW*COST (KK)
30 CONTINUE
RETURN
END

NATA/Z IARC(3500))JARC 600)0C0$T(1800)yAMP(lBOO)vFLQW(lBO

10)rUPPER(l&GD):LOWER(lSOO):ARCS
COMMON /XDATAY: V(SOO)'BARC(SGO)»RARC(SOO)'FARC(SDO)'DISSET(SOO)'GA
IN(500) » ICHK(500),LIST(500)
COMMON /V/ SOURCE,SINKsNARC,OUTFLOFLONET,CSTMOW, TOTCST,NODES, IFS,
1IRQ0T,EPS,BIGsNDEG/NLOP»SICH ITER,NPRIT, TIMAX, TIME» IPRINT
INTEGER ARCS
INTEGER SOURCE»SINK»BARC»FARC+RARC,DISSET

REAL LOWER

EXTERNAL COSTFrAMPF

IIZIARC(I)

JJTJARCLTD)

IF (S) 20,20.70
ok F ok o ok kK O ko K e ok OK K K ok KK R ok kR ok AR KKK KoK ok ok EE 22T *
C FLOw IS TO BE DECREASED
[ R R S S s P L T T T DT P
20 CONTINUE

IF (I.GT.NARCY GO TO 40

IF (FLOW{(I).GT.UPPER(I)) 60 TO 30

FLMXCzFLOW(I)-LOWER(I}

RETURNM
30 COMT INUE

FLMXC=FLOW(I1)=-UPPER(I)

RETURN
40 CONTINUE

K=I~-NARC

IF (FLOW(I}.LT.LOWER(I)) GO TO 60

FLMXC= (UPPER (K} =FLOW (K) } ¥AMP (K}

RETURN
60 CONTINUE

FLMXC=(LOWER (K} =FLOW(K) ) *AMP (K)

RETURN
[ i e R e S L T T T
c FLOW IS TO BE INCREASED
[ e L T L T T e
70 CONTINUE

IF (I1.GT.NARC) GO TO 100

IF (FLOW(I}.GE.UPPER(I}) GO TO 130

IF (FLOW(I).LT.LOWER(I)) 60O TO 90

FLMXC=UPPER (I} =-FLOW(I)

RETURN
90 CONTINUE

FLMXC=LOWER(I)~-FLOW(I)

RETURN
100 CONTINUE

K=I-NARC

IF (FLOW(K).GT.UPPER(K)) GO TO 120

IF (FLOW(K).LE,LOWER(K)) 60 TO 130

FLMXCz(FLOW(K) ~LOWER (K) ) ¥AMP (K}

RETURN
120 CONTINUE

FLMXC= (FLOW(K) ~UPPER(K) ) ¥AMP (K)

RETURN
130 CONTINUE

FLMXCz=0.0

RETURN

END







110

120
130
140

150
160

L8

i

(1) AMPLI),FLOW

. CONTINUE . .

IF (IPRINT,EQ.=1) RETURN

PRINT 130, TOTCST

PRINT 140 ITERYNDEG,NLOP

RETURN

FORMAT (1H1///+30H#+%x%+0PTIMAL FLOW PATTERN*xk*%y///)
FORMAT (774 ARC START END LOWER UPPER COSsT GAI
IN FLOW )

FORMAT (15,2X+215,5F10.2)

gggmAT gé//,aéz **3kxTOTAL COSTx#d¥%rF20,4)

AT 2H NUMBER OF ITERATIONS ,I10/33H MUM F

1RATIONS »110/27H NUMBER OF LOOP ITERATIONS 11?55)0 DEGENERATE 1TE
FORMAT (11H ITERATION sIS5sSXs6H FLOW 'F10.2:5%X26H COST »F20.2)
ESSMAT (7H REMOVE ¢ I5,5X s SHENTER 15+ 5%+ SHDELTA,F20.5)

: CIENTS.

; , ‘ e
COMMON. /SDATAZ NJrNRESNJUNCyNL e NCYNRyNYRyNSEAS»IYEARYIDATE »IMP¢IN
COMMON /MDATA/Z XX{12)ELE(12)» XIMP,KSPILL
COMMON. ZJDATAZ RNAWE (3072 RCAP(30) +RETSW({30) »CRES(30) sRMIN(30) #NL
1INK(30)FSTART(30),DLO(30)

COMMON /LDATA/ CNAME(45+2)»CLINK{2+/45¢3) 2 CCAP(U5) »CPUMP(45) »CMIN(Y
15) s CLIFT(45) »EL(45) »LNODE (45,2)

COMMON /SHORTS/ BND(30)CST(12+30) rACO(30,2) s TFACI13+30)»TCST(30),
1I0PT(30) rALP(30)

COMMON /PRT/ IPRNT(45)

COMMON /RDATA/ JS(10)»JBLT(30)LBLT(US5)

COMMON ZAPRNT/ APOW(S0) »AIMP(50) ,GM(45) » ISHORT(50) » ICOST(50)
COMMON /CDATA/ PERINT/NPAY»POWRsRESONM, CONONM» CIMP»LAGR)LAGC,POWFA
1c(12)

COMMON /NDATA/ NSOLVELSOLVE)NYEARsNSrSCAP/NI»NREAD#MAXYR

COMMON /ADATA/ NF(3600) #NT(3600}),C05T(1800)sAMP(1800) sFLOW(1800) 4
1I¢1800),LOWER(1800),ARCS

INTEGER SCAPrARCS

REAL LOWER
C Rk EREERRE Kk koK kK
c READ AND WRITE
[ HEADING
[ R R R e T S T T %
INCRD=5
IPAGE=6
KOUT=6
KINz5

WRITE (KOUT.20)
20 FORMAT (1H1/125(1H*})
WRITE (KOUT»30)
30 FORMAT {(42X»29HTEXAS WATER DEVELOPMENT BOARD,/44X»25H ALLOCATIO

1N MODEL 1 /125C1HK) /7 /7)
[ 2222224 FEAAK * ok *
c READ AND WRITE SYSTEM DATA
[ -~ INPUT FILE A
CHxk ok EERER K *k

READ (5+40) NJsNRES,NJUNCsNLsNCoNReNYRsNSEAS, IDATE s IMP

40 FORMAT (10X»141I5)

(o T e L T L T P T

c READ AND WRITE NODE DATA

C - INPUT FILE B

ook ko Aok ok Rk Kokok ok ok ok
READ (5s50) (Jr (RNAME (JrK) 1Kz1¢2) »RCAP(J) yRMIN(J) »CRES(J) ,RETSW ()
LoNLINK(J) »DLO(J) #BND(J) s ACO(Jr1) 2 ACO(Jr2) sNZ12NJ)

50 FORMAT (I2¢2A413F10.0¢F5.2/I5¢F5,2+F1040¢5X22F5.4)

Cokk¥kkk

o READ AND WRITE LINK DATA (CANAL OR RIVER)
c - INPUT FILE C
Cx *

READ (5,60) (L (CNAME(LK) »K=192} s CCAP(L) »CMIN(L) yCLIFT(L) #ELIL) 4 ¢
ALNODE (L oK) o K=1,2) s M=1,NL)
60 FORMAT (I2,2A%4+3F10,0+F10.3+20Xs215)
C ok ok 3 Kok ok ok KK K o KKK KR Rk kK KR A Kok ok koK kK
[+ READ AND WRITE LINK COST DATA
- INPUT FILE D
€ ook 40k Ak % o ok ok KKK o o 3ok K oK K Kok K KR Kk Rk KR K
READ (5,70) (L {(CLINK(I,L K)rKz1p3)rI=1s2)sMz1eNL)
70 FORMAT (12+8X26E10.4)
€ 0ok o KK A oK o oo ok o R o ok o Kok ok 0K Ok R K K R R £ 3
C READ AND WRITE ECONOMIC DATA
C - INPUT FILE E
[ FRA
READ (5:,80) PERINTsNPAY,POWR,RESONM,CONONM,CIMP,»LAGR,LAGC
80 FORMAT (10XsF10.4,110:4F10.4,215)
Crxkkkokskok ok kkkkokok koK k ok *% ES L4
READ AND WRITE POWER FACTOR COEFFS
- INPUT FILE F
€ Ak Kok ok ok 3k o 0Ok FOR K K o R ok ok o ok kK KR K R ok
READ (5+90) (POWFAC(I)sI=1,NSEAS)
90 FORMAT (10Xr12F5.3)

*kokk
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AT A3 PHRLALIT AT TRV ? 7D 227 eritie e

20X+ BHCOEFF « »8X ¢ SHBUILT)

- i % - R, 1.

R ITR L e L . 1 FORMAT (1H1)

COMMON. /NDATA/ NSOLVE,LSOLVE,NYEAR,NS+SCAP NI +NREAD» MAXYR WRITE (KOUT:170
COMMON. /SDATA/ NJ/NRES» HUUNC, N  NCyNR+ NYR» MSEAS, IYEAR Y IDATE » IMP» IN FORMAT: (740X 16HNET BALANCE "ARCS/)
COMMON /ADATA/. NF (3600 »NT (3600) »COST{1800) s AMP(1800) »FLOW(1800) +H 00 300 A=1rARCS
11(1800)¢L0O(1800),ARCS NDUMS (24NJ+ 1+ 24NRESHNL+NS) % ({ IDYR~1) *NSEAS+(IDSEA=1) ) +{6+NRES)

COMMON /V/ SOURCErSINK#NARC,OUTFLOFLONET,»CSTNOW, TOTCST I NODES, IFS, IF (AJNE.IPAGE*30) 60 TO 180
1IROOTEPS,BIGs+NDEG+NLOP»SICH, ITER,NPRIT, TIMAX s TIME» IPRINT WRITE (64160)

. DATA DASH/2H¥%/ WRITE (KOUT»140)
| DATA BLANK/2H / WRITE (KOUT»150)

00AF
+BH1G00AF » 7%, 3HCFS/)

. REAL LOsLOCF IPAGE=IPAGE+1
£ INTEGER SCAP»A+ARCSsSOURCE,SINKsAB 180 CONTINUE
. ok bk ook sk koo KRR KRk K ok ok KA * ok ddok kK *x KA IF (A.EQ.71 WRITE (6,190}
C DETERMINE IF THE FLOW IN ANY ARC VIOLATES THE 180 FORMAT (/,40X»20HINITIAL STORAGE ARCS/)
\ c UPPER OR LOWER BOUNDS ON THE FLOW IN THAT ARC IF (AJNE.(NOUM+1)) GO TO 210
\ Gk Aok ok AR AR KA K KR R R K K R¥kk * WRITE (6+200) IDYR+IDSEA
KOUT=6 200 FORMAT (/,40X+»20HDEMAND ARCS FOR YEAR»13+8H ,SEASON+I3/)
TIMAX=0. 210 CONTINUE
. DO 30 1I=1,ARCS IF {A.EQ. (NDUM+(NJ+1))) WRITE (6.220) IDYRrIDSEA
. F=FLOW(I) . 220 FORMAT (/:40X»19HIMPORT ARC FOR YEAR+I3,»8H »SEASONs13/)
b IF (F=HI{I}=-EPS) 20,20,100 IF (AJEQ. (NDUM#NJ+2)) WRITE (6,230) IDYR,IDSEA
. 20 IF (LO(I}~F-EPS) 30,30+100 230 FORMAT (/40X 27HRESERVOIR STORAGE ARCS,YEAR,IZe8M +SEASONsIZ/)
N 30 CONTINUE IF (A.EQ. (NDUM+NJ+2+2%NRES)) WRITE (6+240) IDYR,IDSEA
[ AL BT P R P S T T e * 240 FORMAT (/,40X»18HLINK ARCS FOR YEARrI3,8H rSEASON,I3/)
C DETERMINE IF CONSTRAINTS ON RESERVOIR STORAGE IF (A.EQ. (NDUMENJ+2+2*NRES+NL)) WRITE (6,250) IDYRsIDSEA
C SEGMENTATION HAVE BEEN VIOLATED 250 FORMAT (/+40X+19HSPILL ARCS FOR YEAR»13,8H +SEASON+I3)

C AR R KKK A Kok R A KKK Kok KRR R ook KA ook ok ok oo ook oo gk ok IF (A.EQ. (MDUMHNJ+2+2%NRES+NL+NS)) WRITE (6+260) IDYRsIDSEA
| DO 80 I=1,NSEAS 260 FORMAT (/40X,21HINFLOW ARCS FOR YEAR »I3,9H ,SEASON »1I3/)
AIMINZNRESH+6+ (I=1) % (24NJ+14+2«NRES+NL+NS) FLOWC=FLOW(A) *16.6/5UBS
ARMINZAIMINENI+] LOCFzLO{A) ¥16.6/5UBS

DO 80 J=1,NRES HICFZHI(A)*16.6/SUBS
AZARMIN+®J IF (FLOWC.LT.LOCF,OR.FLOWC.GT.HICF) PRINT 270» A
ABZA+NRES 270  FORMAT {////+17H INFEASIBLE ARC ~,14///7)
IF (FLOW(A)=HI(A)+EPS) 40:70,70 DASHO=BLANK
(o] 40 IF (FLOW(AB)}=EPS) 60,6050 IF ((FLOWC.EQ.HICF) . AND« (FLOWC.NE.0.) }DASHO=DASH
O 50 WRITE (KOUT»310) JrI,FLOW(A) sFLOW(AB) #HI(A) 280 FORMAT (3110.,2F10.2,A2/F9,.3,4F10,2)
TIMAX=1. WRITE (KOUTr280) AsNF{A)sNTIA) +FLOWCA) +FLOWC,DASHO»COST (A) »HI(A) ¢H
IF ((FLOW(A)+FLOW(AB)).GT.HI(A)) GO TO 70 1ICF/LO(A) »LOCF
60 HI(AB)=0. IF (AJNE, (NDUMHNJ+14+2%NRESHNL+NS+NJ) ) GO TO 290
LO(AB) =0, IDSEA=IDSEA+1
60 TO 80 IF (IDSEA.LE.NSEAS) GO TO 290
70 LOCA)=HI(A) IDSEA=1
80 CONTINUE IDYR=IDYR+1
IF (TIMAX.EQ.1.) WRITE (KOUT,90) 290  CONTINUE
90 FORMAT (1H1///125(1H#)//50X,27THRESTART PROCEDURE INITIATED//40X+55 300 CONTINUE
1HSTORAGE BOUNDS HAVE BEEN REDEFINED AND NETWORK SOLVED ,//125(1Hx sTop
2) v 1H1) 310  FORMAT (1H1/125(1H¥)//50Xs19HCOMPUTATIONAL ERROR//1X¢S52HTHE LOWER
RETURN 1SEGMENT OF CARRY-OVER STORAGE IN RESERVOIRrIZ»1Xs9HIN SEASON,T3,62

CHok AR kR AR R Kk KRR R KoK H K K FOR R K oo oK OR R KK OR AR R ok ok R ook
WRITE ARC DATA
Cook oK Aotk ook KKK KRR R KR o ok 0K K FK KRR AR e Ko R R sk bk ook
100 CONTINUE
SUBS=124/NSEAS
WRITE (KOUT.110)
110 FORMAT (1H1//8Xs67HASTERISKS IN OUTPUT BELOW PINPOINT FLOWS WHERE
1FLOWS=MAX CAPACITY )
WRITE (60120)
WRITE (6,130) NODES,ARCS
IDYR=1
IDSEA=L
IPAGE=1
WRITE (KOUT»140)
WRITE (KOUT»150)
120 FORMAT (53H1x * * S OLUTION INFEASTIBLE %% %)
136 FORMAT (18HINUMBER OF NODES =,I5//18H NUMBER OF ARCS =,15)

2H WAS NOT FULL BEFORE THE UPPER SEGMENT OF STORAGE WAS UTILIZED//S
3X¢e31HSTORAGE IN THE LOWER SEGMENT = +F6.1,4Xs31HSTORAGE IN THE UPP
4ER SEGMENT = »F6.1»4Xs38HMAXIMUM STORAGE IN THE LOWER SEGMENT =,F6
5.1///20X 42HRESERVOIR OPERATING RULES MUST BE ADJUSTED/20Xs94HEITH
6ER OPTION 2 MAY BE USED OR THE UNIT STORAGE BENEFIT MAY BE INCRE
TASED IF OPTION 1 IS USED//125(1RH%*)/////}

END
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400

410
420

430

440

450
460
470

480

490

500

510
520

530

540

550

560
570

580
590

600

WRITE (6r20)

CWRTTE (6:400)

FORMAT (50X » 17THCANAL COST COEFF /125(1H%)/ /42X SHDITCH 32X 4HPUMP/
133X 2HCI» 9% 2HC2 e OX 9 2HCS» 13X 2HC L » 9Xr 2HC25 11X 2HC3/)

DO 410 L=1.NL
WRITE (6r420) Ly ((CLINK(IrL+K)sK=193)eIz1,2)

FORMAT (22X+I5+2X+3(G10.4+1X)s4Xs»3(61044+1X))

WRITE (KOUT»20)

WRITE (KOUT»430) PERIMTsNPAY,POWR,RESONM

FORMAY (45Xy18HCONSTANT COST DATA,/125(1H*}///15X» 13HINTEREST RATE
110X, 1H=,F10.4+ 15X 23HREPAYMENT PERIOD YRS =»5X+I5+1Xs3HYRS,//15X
2+ 10HPOWER COST»13Xr1H=¢F10.4,8H $/KW~HR,7Xr23H0+M ANN DEC PCT RESV
3R SeF10.4+/)

WRITE (KOUT»440) CONONM,CIMP,LAGRLAGC

FORMAT (15Xs24H0+M ANN DEC PCT CANAL =,F10.4s15X,23HCOST OF IMPOR
1T WATER =sF1l04491Xy4HS/AF /715Xy 24HRESVR FINANCE LAG TIME =,5Xs IS
291Xy 3HYRS, 11X»23HCANAL FINANCE LAG TIMEZ,SXsI5+1Xs3HYRS)

WRITE (KOUTr450)

WRITE (KOUTr450)

FORMAT (//7)

WRITE (KOUT»460) (JrJ=1,12)

FORMAT (48X»12HPOWER FACTOR(//51X» THSEASONS/12Xe1217/)

WRITE (KOUT»470) (POWFAC(I},IZ1¢NSEAS)

FORMAT {(13Xr12F7.4)

WRITE (6r480) (JrJ=1,12) 9 (XX{I)#I=1,NSEAS)

FORMAT (///»48Xs 13HIMPORT COEFFS//51XrTHSEASONS/12X01217//713Xs12F7
1.4)

WRITE (6+490) (JrJd=1,12) s (ELF(X),I=1+NSEAS)

FORMAT (///748Xr11HLOSS COEFFS//S1Xs THSEASONS/12X,1217//13X+12F7.4)

WRITE (KOUT»20)

WRITE (KOUT»500) (Jrdz1.12)

FORMAT (48X»18HUNIT SHORTAGE COST/52X»3H{$/AC-FT)/125(1H*)///51Xs7
1HSEASONS/12X e 1217/5X s 4HNODE/6X » 3HNOW /)

DO 510 J=1,NJ

WRITE (KOUT»528) Jr{CST{I+J)s1=1,NSEAS)

CONTINUE

FORMAT (6XrI2¢5X+12F7,.0)

WRITE (KOUT»20)

WRITE {(KOUT»530)

FORMAT (42X+20HRESERVOIR START CONTENTS,»/125(1H%)///29X s 4HNODE» 16X
1+ 10HRES OR JNCr10X»16HPCT FULL-DECIMAL/30X+4HNO. +18Xs4HNAME,16X+9
2HSTRT STOR/)

WRITE (KOUT»580) (Js (RNAME(JrK) sK=1v2) rFSTART(J) rJ=1sNRES)

FORMAT (29XsI3,17Xr2A4210X,F10.4)

WRITE (KOUTr20)

WRITE (KOUT#S50) (Jsdz=1,13)

FORMAT (44X+28HRESERVOIR OPERATING POLICIES/125(1H*)///10Xs4HRES,.,
121H OPERATING STORAGE» 11Xy 68HEND~OF«YEAR TARGET STORAGE LEVELS
2BY YEAR (FRACTION OF MAX. STORAGE):3Xr5HALPHA/11Xs24HNO. OPTION
3 BENEFIT»3Xr1316/)

DO 560 JZ1¢NRES

WRITE (KOUT+570) JrIOPT(J}#TCSTIJ) # (TFAC(I+J)2I=1,13)2ALP(J)

CONTINUE

FORMAT (10XrI3+18+5XsF9.1+3X»13F6.2¢5X*F3,2)

IF (ERROR) 600,600,580

WRITE (IPAGE.5%50)

FORMAT {10Xr45HERRORS ENCOUNTERED IN DATA DECK JOB STOPPED//)

STOP
CONTINUE
RETURN
END

CORDING Y,'USED ONLY IM

c***************************x*******
COMMON! ZADATAZ IARC(sﬁOO)vJARC(SGOO)vCOST(lBOO)oAMP(lGOO)yFLOW(lBO
10) +UPPER{(1800) yLOWER(1800)»ARCS
COMMON /XDATA/ V{500),BARC(500) +RARC(500),FARC(500)+DISSET(500)+GA
IN(500) » ICHK(S00),LIST(500)
COMMON /V/ SOURCE»SINKe¢NARC:OUTFLOFLONET,CSTNOW TOTCSTNODES, IFS,
1IROOT»EPS+BIGYNDEG/NLOP»SICH ITER,NPRIT) TIMAX» TIME » IPRINT
INTEGER ARCS
INTEGER SOURCE+SINK¢BARC,FARCsRARC/DISSET
REAL LOWER
EXTERNAL FLMXCsAMPF»COSTF
COMMON ICHT(500)
Caae koo Kok ok 30K KK oK KK ok o kR o 0K o R OR 4K K k0K  R  kK RKKRK ko ok Kk R K OK
c DETERMINE IF POINTERS INDICATE A LooP.
o okodookokok ok stk ol ok ok ok ook ok Kok ok ok R o 0K K ok Ok kot R ks ok Ak ok Kok R ok A KRRk R ok kR ko
DO 20 K=1,NODES
ICHT(K)=0
20 CONTINUE
ICHT(JJ)=1
IJ=Jdd
30 CONTINUE
IJK=BARC(IJ)
IF {(IJK.EQ.0) RETURN
IA=IARC(IJK)
IF (IA.EQ.JJ) 6O TO 4o
IF (ICHT(IA)}.ER.1) RETURN
ICHT(IA)=1
IJ=IA
GO 10 30
40 CONTINUE
TEMP=0
GN=1
TJ=Jd
Cookkdorkk ko ko kR okok Aok KRk k% Hokok KRR Kk
o CALCULATE THE COST TO OBTAIN ONE UNIT OF FLOW INTO JJ
Tk kR ok R ok ko ok kK A0k KR kR ok ok ok Kk ok ok ok Rk ok Kok
50 CONTINUE
IJK=BARC(IJ)
GNZGN*AMPF (IJK)
TEMPSTEMP+COSTF (IJUK) /6N
IA=IARC{IJK)
IF (IA.EQ.JJ) GO TO &0
IJy=1A
GO TO S0
60 CONTINUE
CRaokokk Rk kokok ok Kk ok ok okl kR ok oR ok kR kR R kK

c CALCULATE COST TO OBTAIN ONE UNIT OF FLOW OUT OF
LOOP AT JJ
[ P L L s S ok okk

VIJJI=TEMP/ (1.=1,/6N)
70 CONTINUE
IJ=IA
IJKZBARC{IJ)
IASIARC(IJUK}
IF (IALEQ.JJ) RETURN
V(IA)=V(IJ)*AMPF (1JK) ~COSTF (IJK)
60 TO 70
END
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£6.

¢ . THIS SUBROUTINE

TS ALL ARC DATA AND ALL NODE
DATA BY. THE NUMBER OF ARCS AND NODES IN ONE YEAR,
RESPECTIVELY, EACH TIME ‘A SOLUTION FOR ONE YEAR

SLIB] 0
g . AUGMENTING TREE
c HAS BEEN FOUND.
c
c

* *%

COMMON " /ADATA/" TARC(3600) » JARC(3600)»COST(1800)»AMP{1800) ,FLOW(180
10) »UPPER(1800) »LOWER (1800) ¢ ARCS
COMMON /XDATA/ V(500) +BARC(500) yRARC(500),FARC(500) +DISSET(500)}+6A
IN(500) » ICHK(500)}»LIST(500)

COMMON /V/ SOURCEsSINKeNARC:OUTFLO,FLONET»CSTNOW,TOTCSTNODES, IFS,
1IROOT»EPS+BIGYNDEGeNLOPrSICH, ITERsNPRIT, TIMAX, TIME s IPRINT

INTEGER SOURCE»SINK,BARCsFARCIRARC,DISSET

Ak R A e AR AR R R K K R OKOK A ok ok KR Aok R R K ok ok K koK ko R ok K Rk R R R ok Rk kR ok

COMMON /NDATA/ NSOLVE »LSOLVE /NYEAR,NS»SCAP:NI»NREADsMAXYR

COMMON /SDATA/ NJsNRESsNJUNCyNL»NCeNR: NV, NSEAS+IYEAR IDATE» IMP+ IN
COMMON /ADATA/ NF(3600)sNT(3600),COST{1i800)»AMP(1800) +FLOW(1800)+H
11(1800)+L0(1800)rARCS

COMMON /MISC/ AMIN¢ADELT,NDELT
REAL LO

INTEGER AsAA» AMIN,ARCS»AXsADELT
INTEGER AIMIN

INTEGER ARCS

REAL LOWER

EXTERNAL FLMXC»AMPF,COSTF
IF (IFS.NE.0) GO TO 160

C *kk *. C FRk Rk
g** SHIFT ARC DATA g SET UP POINTERS TO FIND INITIAL TREE.
ok kkk
IF (ISOLVE.EQ.1) RETURN =
D0 50 ISOLVE=2¢NSOLVE Barairizo’ OPES
DO 40 ISEAS=1:NSEAS FARC (1) =0
IT(ISOLVE~1)*NSEAS+ISEAS RARC (1)=0
AIMIN=AMIN# (I~1)* (NJ+1+2*NRESHNL+NS+NJ) DISSET(I)=1
DO 30 J=1,NJ =
AR=ATHIN V(D) =9999,
=AA~ADELT 20 CONTINUE
IF (NT(AA).EQ.3) GO TO 20 V (SOURCE)}=0
NF (A) =NF (AA) =NDELT ICHANG=0
ggc¢é:§;(AA1~NDELT IENTER=1
F=
20 NF (A) =NF (AA) =NDELT §;s:g
NT(A)=3 Ckx * Aok Rk
ig ggx;ixgg SET UP SHORTEST PATH TREE FOR FIRST ITERATION.
[ P E T Tt T P L * *ok
50 CONTINUE 30 CONTINUE
AXZAMIN+ADELT+1 DO 80 K=1,NARC
DO 60 AA=AX/ARCS IF ((UPPER(K)=FLOW{K)).6T.EPS) GO TO 40
CB?Q;QEE%ZA) IF ({(FLOW(K)~LOWER(K) )} LT.EPS} G0 TO 80
HI(A)=HI (AA) 332?222%&;
COST(A)=COST(AA) POT=V(II)*AMP(K)=COST(K)
FLOW(A)ZFLOW (AA) ZK+NARC
AMP (A) ZAMP (AA) éa T0 60
60 CONTINUE 40 CONTINUE
RETURN 1=K
END JJZJARCLI)
II=IARC(I)
IF ((LOWER(I)~FLOW(I)).6T.EPS) GO TO 50
POTZ(V(I1)+COST{I}}/AMP(I)
G0 TO 60
50 CONTINUE
POTZ(V(II)=BIG)/AMP (1)
60 CONTINUE
IF ((V(JJ)-POT)I.LT.EPS) GO TO 80
V(JJ)=POT
BARC (JJ) =1
IF (ITF.EQ,0) 60 TO 70
CALL LOOP (1,JJ)
70 CONTINUE
ICHANG=1
80 CONTINUE
IF (ICHANG.EQ.0) GO TO 90
ICHANG=0
ITF=1
GO TO 30
90 CONTINUE
Cakkkkkddkkfokkkkkks *

C
kot ok dokok %ok e ROK bR A olok kKo X okoR kKoK kR ok

*
CALCULATE FORWARD POINTERS FOR FIRST ITERATION.

DO 130 I=1,NODES

IF (DISSET(I).EQ.D) GO TO 130
KK=BARC{1)

IF (KK.EQ.0) GO TO 130


https://KK.EG.Ol
https://CITF.EQ.Ol
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BLOCK COMMON
S e s =SS S SIS S
MAIN ® eo eee e |
ADJUST ee ¢ e )
ADSUB e ©0
AMPF e @
APRINT Py 6 ee e
ARC e 00000 6666066
COSTF ® ®e
COSTX e e e 6 @
L‘ﬁ DESUB L ) (0
—| FLCHG & @e
— FLMXC @ @ e
1 FLop ® ee
| GAIN () e o 0
e INPUT e o006 ©6 000
A1 LooP e e e ©
LMAXFLO [) @ e
OUTPUT L) @ &
PREPAR e 06 ©e e ee ©
SHIFT ) e . J
SHORT @ ©e
SPRINT @ @ @ @
TRECHG ) ‘ @0

ALLOCATION PROGRAMN
Brock ComvoN UsaGE IN SUBROUTINES













VARIABLE DESCRIPTIONS FOR SUBROUTINE

FLMXC
VARIABLE NAME DEFINITION
I Arc Number
FLMXC Maximum Allowable Change in the Flow in
Arc I
S <0, if Flow is to be Decreased

> 0, if Flow is to be Increased

11, Jd Working Variables

VARIABLE DESCRIPTIONS FOR SUBROUTINES

i SRR R R R R AR R S SRR S S R R GG RSB GRsai

FLOP
VARIABLE NAME DEFINITION

FLMAX Maximum Possible Change in Flow for a Flow
. Generating Cycle
‘% GN Gain Factor for a Flow Generating Cycle
| TROOTL Root Node for a Flow Generating Cycle

JJd Initial Node in Flow Generating Cycle

1J,IJdK, Working Variables

FLMXT































VARIABLE DESCRIPTIONS FOR BLock CoMMON

/MDATA/
VARIABLE NAME DEFINITION
ELF(ISEAS) Seasonal Coefficient for Link Amplitudes in
Period ISEAS
KSPILL Spill Cost in Dollars per Acre-Foot
XIMP Maximum Annual Available Import in Thousands

of Acre-Feet

XX(ISEAS) . Seasonal Import Coefficient for Period ISEAS

VARIABLE DESCRIPTIONS FOR BLock COMMON

/NDATA/
VARIABLE NAME DEFINITION

LSOLVE Number of Years Contained in the Network
Flow Problem

MAXYR Not Used

NI Number of Seasons in the Network Flow Problem
(Equals NSEAS times NSOLVE)

NREAD The First Year of the Problem to be Solved
by the Allocation Program (=1)

NS Total Number of Nodes from Which Spills can
Occur

NSOLVE Maximum Number of Years in a Network the
Allocation Program can Solve

NYEAR The Last Year of the Problem to be Solved
by the Allocation Program

SCAP Capacity of Spill Arcs in Thousands of Acre-
Feet
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VARIABLE DESCRIPTIONS FOR BLock ComMmoN
/SDATA/

VARIABLE NAME

IDATE
IMP
IN
IYEAR
NC

NJ
NJUNC
NL

NR
NRES
NSEAS
NYR

DEFINITION

Calendar Starting Date of the Problem
Import Node Number

Input Tape Number

First Year

Number of Canals

Number of Nodes (Reservoirs and Junctions)
Number of Junctions

Number of Links

Number of Rjver Reaches

Number of Reservoir

Number of Seasons per Year

Number of Years

VARIABLE DESCRIPTIONS FOR BLock CoMMON
/RDATA/

VARIABLE NAME

JBLT(J)
JS(J)
LBLT(L)

DEFINITION

Year Reservoir J is Built
Node J from Which Spills can Occur

Year Link L is Built
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VARIABLE DESCRIPTIONS FOR BLANK COMMON
2

VARIABLE NAME

DEFINITION

cc(I1,d)

IDEF(I,J)
IMPC(IYR)
ITOT(IYR)
JQ(1,d)

| CL(I,L)
LP(I,L)

LQ(1,L)
RC(I,J)

RS(I,J)

Dual Value for the Reservoir J €ontinuity
Constraints in Season I in Dollars per Acre-
Foot

Deficits at Node J in Season I in Thousands
of Acre-Feet

Cost of Imported Water in Year IYR in
Thousands of Dollars

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 L in 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

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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