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10 December 1984
Conditions of Use

The following conditions regulate the use of computer programs developed by the Hydrologic
Engineering Center (HEC), Corps of Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are accepted and used by the
recipient individual or group entity with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the accuracy, completeness,
reliability, usability, or suitability for any particular purpose of the information or data contained
in the programs, or furnished in connection therewith, and that the United States Government
shall be under no liability whatsoever to any individual or group entity by reason of any use
made thereof.

2. The programs belong to the United States Government. Therefore, the recipient agrees
neither to assert any proprietary rights thereto nor to represent the programs to anyone as other
than Government programs.

3. The recipient may impose fees on clients only for ordinary charges for applying and
modifying these programs.

4. Should the recipient make any modifications to the program(s), the HEC must be informed
as to the nature and extent of those modifications. Recipients who modify HEC computer
programs assume all responsibility for problems arising from, or related to, those modifications.
User support from the HEC to third part recipients will only be provided after the second party
demonstrates that program difficulties were not caused by their modifications.

5. This "Conditions of Use" statement shall be furnished to all third parties that receive copies
of HEC programs from the recipient. Third party recipients must be notified that they will not
receive routine program updates, correction notices, and other program services from the HEC
unless they obtain the program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a result of the use of the
program(s) by the recipient, or others, will acknowledge the Hydrologic Engineering Center,
Corps of Engineers, Department of the Army, as the origin of the program(s).
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RESERVOIR YIELD

HYDROLOGIC ENGINEERING CENTER
COMPUTER PROGRAM 23~J2-~1245

1. ORIGIN OF PROGRAM

This program was prepared in the Hydrologic Engineering Center,
Corps of Engineers, 650 Capitol Mall, Sscramento, California, by
Leo R, Beard. Up-to-date information and copies of source statement
cards for various types of computers can be obtained from the Center
upon request by Government and cooperating organizations.

2. PURPOSE OF PROGRAM

a. This generalized program written in Fortran II performs any
number of multipurpose routings under identical conditions for a single
reservoir with optional delivery to pipe line or river or both and with
maximum and minimm flow controls gt the reservoir and, if desired, at
one downstream control point. Power generation at the reservoir and
quelity control at the downstream control point are optional. The year
is divided into any number of periods (dimensioned up to 15) of equal
or unequal length. Maximum and minimum permissible storages and all
other quantities can be specified as uniform or varying each period with
similar or dissimilar patterns each year. An optional minimum storage
above the absolute minimum can be specified at which shortages in with-
drawals from storage are declared, increasing linearly to 100 percent at
the absolute minimm storage. . o ‘ '

b. A listing of the source program and test input and output are
given at the end of this report.

3. DESCRIPTION OF EQUIFPMENT

While it may be possible to modify this program for use on medium
computers of the IBM 1620 and GE 225 with large memory capacity, the
program has been tested only on computers of the IBM T090 class.

L, METHODS OF COMPUTATION

a, This multipurpose reservoir operation-routing or simulation
program follows cleosely the procedures commonly used in hand computation.
Where a direct solution is not possible, successive approximations are made.



This is in evaporation and power computation, where the first approximation
based on reservoir stage at the beginning of each period is used to estab=
lish an spproximate average stage for the period, on which the next
approximations of evaporation and power are based., Outlet capacity ig
approximated once only on the basis of reservoir stage at the start of each
veriod. No delay or routing of outflows to the downstream control point is
made. Provision is made for an optional buffer zone at the bottom of the
conservation pool.

b. The reservoir routing is made by searching for the largest of the
minimum flow requirements for all purposes and the smallest of the maximum
permissible flows. The release is initially set to the smallest maximum
permissible flow. If this does not satisfy the largest minimum flow require-
ment, the release is increased to do so. These controls are overridden by
flows necessary to empty or fill the conservation pool. Absolute control is
exercised by full reservoir and empty reservoir limitations. If storage at
the start of a period is within the bottom buffer zone, release from the
reservoir (over and above inflow minus evaporation) is reduced by the pro-
portion of empty space in the buffer zone. Releases are first assigned to
the pipeline and the remainder to the river.

c. Power is generated from all release to the river up to plant capacity.
Power generation and release required for power are based on the following
equation:

P = .0846kheqH (1)
where

P = power in kilowatts

e = efficiency as a ratio less than 1

Q = flow in efs

H = head in feet on power plant

If an efficiency factor is not given (either as a constant or tabulated against
reservoir level), a standard value of .86 is used. Head on the power plant is
the reservoir stage minus a constant tallwater elevation minus an optional
hydraulie loss either expressed in feet or computed as follows:

H = CQ°/6k.k (2)



where HI = hydraulic loss in feet
C = input constant obtainable from chart
of ER
Q = Flow in cfs

This head loss is computed only approximately for power release require-
ment, assuming that outflow required for minimum power generation is
met, regardless of other requirements or reservoir storage limitations,
Final power generastion guantities are based on losses computed from
actual river releases and are limited by full generation capacity for
the period with a load factor of 1.

d. Water guality computations are based on assumption of complete
mixing in the reservoir and river. No provision is made for minimum
temperature or concentration control (only maximum). This provision
could be added easily, if desired. Water rights are assumed to be
limited to reservoir inflow minus channel losses plus local inflow.
Releases for gquality control are limited by outlet and channel capacities
and are curtailed when reservoir concentration exceeds permissible con-
centration downstream.

e. Shortage indexes computed separately for releases to pipeline
and river, for power and for flow at downstream control point (exclusive
of water rights) are the sum of squares of annual shortages, each short-
age expressed as a ratio to annual requirement, multiplied by the ratio
of 100 to the number of years of record.

5. INPUT

a. Input data are summarized in exhibits 5 and 6. All storages are
in acre-feet and inflows can be in any units but all inflows must be in
the same units of volume or of rate of flow., Required flows can be
expressed in cfs or acre~feet, a positive value of IACFT indicating the
latter. All flows and regquired flows are printed out in cfs.

b. It can be noted that features of the program not required for s
problem are usually omitted automatically when the variables pertinent
to those features are omitted from the input, thus requiring only simple
input for simple problems.

c. All data are entered consecutively on each card, using 8 columns
(digits, including decimal point, if used) per variable and 10 variables
per card unless fewer variables are called for, except that the first
column on each card is reserved for identification and not read by
computer. Thus, the first field on each card is limited to 7 columns,



6. OUTPUT

All input data except table values are printed out. Status of all
variables each month, annual summaries and a summary at the end of each
routing are also printed out and identified as illustrated in Exhibit 2.

The four shortage indexes are also printed. All storages and evaporation
output are in acre-feet, flows and loss in cfs, and power in thousand

kw-hr.
7. OPERATING INSTRUCTIONS
Standard Fortran II operating instructions. No sense switches used.
8. DEFINITION OF TERMS
Terms used in this program are defined in Exhibit 3.
9. EXAMPLES

Examples of various applications of this program are given in Exhibits
1l and 2.

10. PROPOSED FUTURE DEVELOPMENT

It is anticipated that additions to or revisions of this program will
be made from time to time., It is requested that any user who finds an
inadequacy or desirable addition or modification notify the Hydrologic
Engineering Center.
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DEFINITIONS - 23-J2-L2L5

*ALOS - Constant loss component between reservoir and downstream
control point, for each period, in e¢fs.

ALOSS -~ Constant loss component between reservoir and downstream
control point, for all periods in efs. Calling index if
negative.

¥ALSA - Total loss for each period between reservoir and downsbream
control point in cfs.

ANDYS - NDAYS

¥ARFEA =~ Reservoir ares in acres in table

AREAA =~ Reservoir area in acres at middle of period (approx)

CLOSS =~ Loss coefficient applied to flow remaining after ALOS is
subtracted to obtain remaining loss between reservoir and
downstream control point

CNST « Conversion factor from cfs for period tec thousand efs-hours

CNSTA « Factor to convert inflows to efs

CNSTB = Conversion factor from cfs for period to acre~feet

CNSTC =~ Conversion factor from acre-feet to cfs for period

CONST - Conversion factor from inflow units to acre-feet, if flow units
are volumes and from inflow units per day to cfs if flow units
are rates,

CPWR =~ Coefficient multiplied by product of flow in cfs and head in
feet to obtain power in kv,

cT - Converts flows for each period to cbtain average for year

¥EFCY Plant efficiency ratio in table

EFFCY - Plant efficiency ratio, calling index i negative

EFLNT - Effluent in tons per day discharged into river between reservoir
end downstream control point, calling index if negative

EFIT =~ Effluent in tons per day discharged for one period into river
between reservoir and downstream control point

*EL - Reservoir elevation in storage table in feet

*¥ELEFY - Reservoir elevation in efficiency table in feet

EVAP - Reservoir evaporation net change to project conditions in inches
per year, calling index if negative. ‘

EVAPA - Reservoir evaporation (net change to project conditions) for period
in acre~feet

X¥EVAPO - Reservoir evaporation (net change to project conditions) in inches
for period

¥EVP = Subscripted value of EVAPA

HEAD =~ Power head in feet -5

HYDLS =~ Hydraulic head loss, coefficient in equation Hp o= (HYDLS)Q;/ag
if positive, loss in feet if negative

I =~ Subscript for period

IACFT - Positive value calls for flow requirements in acre-feet

ICASE =~ Case number
1. Release restricted by outlet capacity
2. Relesse restricted by channel capacity at dam

#* Subscripted variable
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3. Release restricted by downstream channel capacity
k., Release to satisfy downstream waber requirements
5. Release to satisfy water requirements at dam
6. Release to satisfy power requirements
T« BRelease to satisfy gquality requirements
8. Release required to prevent over-filling reservoir
9, Relesse controlled by declared shortage
10, Release restricted by bottom of conservation pool
11. Release for flood control
ICSE - Tentative case number
IFINT - EFLNT
THOGN Positive value calls for special criteris for New Hogan Reservoir
IPER « Number of first period in each year
*IQUR «~ Reservoir quality at end of period
I¥R « Year number

1

X - Temporary variable

J ~ Year subscript

K - Tgble subscript

*M - Period identification number
NC - Number of cycles completed

NCYCL =~ Number of cycles (complete routings) for job.

*NDAYS ~ Number of days in a period

NDYS - Nunmber of days in each peried if same for all periods, calling
index if negstive.

NPER «~ Number of routing periods per year

NSTOR = Number of storage values in table

NYRS  ~ Number of years in each routing

*POWER = Power in thousand kw-hr actually generated in one period

*POWR - Minimum power in thousand kw~hr required in one period if positive,
average load factor if negative.

PR - Minimum power in thousand kw-hr required per period if same for all
periods, calling index if negative.

PWRMX - Maximum permissible generstion in kw.

Q - Actual reservoir release for period

QALY -~ Quality of inflow to reservoir in parts per million or degrees.

QALL: - Quality of local inflow in parts per million or degrees.

QCAP = Outlet capacity in cfs.

*QD - Actual flow at downstream control point, including all water rights

*QDMAX - Maximum permissible flow for period at downstream control point,
including gll water rights

¥*QDMIN - Minimum permissible flow for period at downstream control point,
excluding water rightse.

QIMN -~ Minimum permissible flow at downstream control point for each period
if same for all periods, excluding water rights, calling index if
negative.

QDMY - Maximum permissible flow at downstreamm control point for each period
if same for all periods, including water rights, calling index if
negative,

* Subscripted variable
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Inflow to reservoir for period (See input data for units)

*QIQUA = Reservoir inflow in water quality table in cfs

Local inflow for period (See input tsble for units)

*QLQUA ~ Local inflow in water quality table in efs

Successive control value of maximum required outflow in cfs

QMIN = Successive control value of minimum required outflow in efs

QM2 - Minimum required outflow to pipeline for each period if same
for a1l periods (See input data for units), cslling index if
negative.

QMX = Flow in c¢fs required to empty conservation space during period

¥QOCAP «-Table value of outlet capacity in cfs

*QOMAX - Maximum permissible outflow in c¢fs to river for period

FQOMIN - Minimum required outflow to river for period (See input data
for units)

QOMN - Minimum required outflow to river for each period if same
for all periods (See input data for uwnits), calling index if
negative.

*¥QOMNZ2 « Minimum required outflow to pipeline for each period (See input
data for units).

QUMK = Maximum permissible outflow in efs to river for each period if
same for all periods, calling index if negative

*¥QOSTR - Table value of storage in scre~feet for outlet capacity

determination

TE

QPIPE = Actual reservoir release in cfs to pipeline for period
#QRITS - Maximum water right for period, see input dats for wunits
QRIVR. = Actual reservoir release in c¢fs to river for period
*QRT = Actual water right in cfs for period

QRTS Maximm water rights for each period if same for all periods
(See input data for units), caelling index if negative

¥QUALD « Required minimum quality for period at downstream control
point (Maximum temperature or concentration in parts per million).

¥QUALI = Quality of reservoir inflow for period in parts per million or
degrees.

¥QUALL -~ Quality of loecal inflow for period in parts per million or degrees

QULD - Minimum required quality at downstream control point for each
period if same for all periods, in parts per million or degrees,
calling index, if negative

*¥QULTD - Actusl quality attained at downstream control point in parts
per million or degrees

@R - Reservolir quality for period in parts per million or degrees

RNYRS = Reciprocal of NYRS

SAMN - Average required outflow in efs to pipeline for all years

SBME -~ Average required outflow in cfs to river for all periods

SIMN - Average required flow in cfs at downstream control point for all
years

SIMX = Aversge maximum flow in cfs at downstream control point for all
years

SEFT - Average annual effluent in tons per day

SEVP Total evaporation in scre~feet per year for entire routing
SHOGN « Sum of May~Oct requirements for New Hogan Reservoir

SHRTA = Shortage to pipeline for period

3

# Subscripted variable EXHIBIT 3



*SHRTD - Shortage of flow in cfs at downstream control point for period

*SHRTP « Shortage of power in kw-hr for peried

SHRTB =~ Shortage of outflow in cfs to river for period

SI Average annual inflow in efs for roubting

SINDA Sum of squares of annusl shortages to pipeline, each expressed as
ratio to annual requirement

SINDB - Sum of squares of annusl shortages to river, each expressed as ratio
to anpual requirement

SINDD -~ Sum of squares of annual shortages to combined water rights and
downstream control peoint requirements, each shortage expressed as
ratio to annual requirement.

SINDP - Sum of squares of annual power shortages, each expressed as ratio
to annual requirement

1

SL - Average annual local inflow in efs for routing

SLOS - Average annual channel loss for routing

SMAMN -~ Total required outflow teo pipeline in one year

SMBMN - Total reguired outflow to river for one year

SMOMN -~ Total required flow at downstream control point, exeluding
water rights, for one year “

SMEFT = Average daily effluent in tons for one year

SMEVP ~ Evaporation in acre~feet for one year

SMI = Total reservoir inflow for one year

SML = Total local inflow for one year

SMLOS - Sum of loss in cfs in downstream channel for year.

SMPMN «~ Sum of power requirement in thousand kw-hr for one year.

SMPWR =~ Sum of power generated during yvear in thousand kw-hr.

SMQAL -~ Average quality at downstream control point for one year (degrees
or parts per million)

SMQD - Sum of flow in efs at downstream control point for one year.

SMQAOA - Total outflow in efs to pipeline for one year.

SMQOBR =~ Total outflow in efs to river for one year.

SMRTS ~ Total water rights in cfs for one year.

SMSHA =~ Sum of shortages in cfs to pipeline for ene year.

SMSHB «~ Sum of shorbtages in c¢fs to river for one year.

SMSHD - Sum of shortages in cfs in supply at downstream control point
for one year.

SMSHP « Sum of power shortages in kw-~hr for one year.

SPWR - Average power generation per year for routing in thousand kw-hr.

SPMN - Average annual minimum power requirements in thousand kwe-hr.

SQAL - Aversge quality in parts per million or degrees at downstream
control point for routing.

8QD -~ Average annuzl flow in cfs at downstream control point for routing

SQMX - Average of maximum flows in e¢fs to river for each year and for
entire routing

SQOA - Average annual actual flow in cfs to pipeline for routing

SQOB - Aversge minimum required outflow in efs to river for all years.

SQUMN =~ Average quality required at downstream control point for each
year and for entire routing (degrees or parts per million).

SRTS - Average water rights for routing.

SSHA - Average annual shortage of required ocutflow in cfs to pipeline for

entire routing.

* Subscripted variable b
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SSHB
SSHD

SSHP
STMN

STMN2

STMX

*STOR
STOR1
STORA
#STORB
STRAV
*STRM2

#*STRMN
*BTRMX

TIMEL

Aversge annual shortage in cfs to river for entire routing
Average annual shortage in efs abt downstream conbrol point
for entire routing.

Average annusl power shortage in kw~hr for entire routing
Minimum storage in acre~feet for each period if same for
all periods, calling index if negative.

Storage in acre~feet equal to or greater than STMN below
vhich shortage is declared, for easch period if same for
all pericds, calling index if negative.

Maximom storage in acre-~feet for each period if same for
all periods, calling index if negative.

Table storage in acre-feet

Storage in acre-feet at start of routing cycle.

Storasge in acre~feet at start of period.

Storage in acre-feet at end of period.

-~ Average storsge in acre~feet for period
-~ Storage in acre-feet for each period equal to or greater

than STRMN at which shortages are declared.
Minimum storage in acre~feet for each period
Maximum storage in acre-feet for each period

- Temporary variable

Tailwater elevation in feet.
Temporary variable

#* Subseripted variable

Added variables:

NCMP

- Number of complete computations to be made each period for

successive approximations of power, evaporation and reser-
voir quality

NCOMP - Number of complete computations finished during current

period
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EXHIBIT 5
INPUT DATA" - 23-J2-1245

A. Three output title cards - specify adopted flow units

B. Specifiecation Card

1.
2.
3.

L,

L]

NYRS
IYR

NFER
IPER
NDYS

NSTOR
NCYCL

JACFT

NCMP

Number of years of routing

Number of first year (such as 1926)

Number of routing periods in year (12 for monthly
routing)

Number of first period in each year (10 for October
in monthly routing, for example)

Number of days in each routing period, -1 if to be
specified by period

Number of points in storage table (up to 40)

Number of routings of NYRS (Bl) each to be made with
same conditions but different flows

Leave blank if flow requirements are in cfs; positive
integer if in acre-feet

Number of complete computations desired each period
for successive approximations of power, evaporation
and reservoir quality, usually 2

C-E. General Data Cards

STOR1 - Storage in acre~feet at start of routing
CONST - Conversion constant from inflow units to cfs if

Card C

l.

2.

3. *QOMN

positive, and to acre-feet, if negative. Leave

blank if flows are expressed in cfs, negative if
flows are expressed in volume units such as acre-
feet, inches or cfs-days, and positive if expressed
in rate such as cfs or mgd. (Zero if flows are in
c¢fs, =-1,0 if flows are in acre-feet, -1.9835 if in
cfs days, and .6kl if in mgd)

Minimum permissible outflow to river, -1 if to be
specified by period once and -2 if to be specified by
period every year.

* Units must comply with item B-8.

# All data are entered using 8 column fields, 10 per card, except
that col. 1 on every card is reserved for identification and not
read by computer. Thus only 7 columns are usable in first field
of each card.
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L, *QMN2 -~ Minimum permissible outflow to pipeline, -1 if to be
specified by period once and -2 if to be specified by
periocd every year

5. QOMX - Maximum permissible release in c¢fsto river, zero if
unlimited, -1 if to be specified by periocd once and
-2 if to be specified by period every year.

6. *QDMN -~ Minimum permissible flow at downstream control point
excluding water rights, -1 if to be specified by period
once and -2 if to be specified by period every year

7. QMY -~ Maximum permissible flow in c¢fs at downstream control
point, including water rights, zero if unlimited, -1
if to be specified by periocd once and -2 if to be
specified by period every year

8. *QRTS - Water rights at downstream point, -1 if to be speci-
fied by period once and -2 if to be specified by
period every year. Program will supply rights up to
preproject flow.

9. EFIT - Effluent in tons per day between reservoir and downstream
point, -1 if to be specified by period once and -2 if
to be specified by period every year

10. QUID - Maximum permissible concentration (in parts per million
or degrees of temperature) of water quality factor at
downstream control point, -1 if to be specified by
period once and -2 if to be specified by period every
year

Card D

1. QUR({1l) - Concentration of water quality factor in reservoir at
start of routing, must be positive if any quality rout-
ing desired

2. STMX - Maximum permissible conservation storage in acre-feet,
~1 if to be specified by period once and -2 if to be
specified by period every year

3. STMN - Minimum permissible storage in acre-feet, -1 if to be
specified by period once and -2 if to be specified by
period every year

L, STMN2 - Storage level equal to or greater than STMN at which
shortage is initiated, -1 if to be specified by period
once and -2 if to be specified by period every year

5. PR ~ Minimum power requirement per period in thousand kw-hr,
~1 if to be specified by period once and -2 if to be
specified by period every year

6. PWRMX - Installed power capacity in kw

7. BFFCY - Plant efficiency, zero if standard value of .86 to be
used, -1 if table with elevation to be supplied

#* Units must comply with item B-8.
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8. TIWEL
9. QCAP
10. EVAP
Card E

1. ALOSS
2. ClLOSS
3. HYDIS
k, FUIRS
5. OVIOD

Average tailwater elevation in feet, required only
for power

Outlet capacity in cfs, zero or negative if to be
specified by elevation

Reservoir evaporation (net change to project condi-
tions) in inches for year, -1 if to be specified by
period once and -2 if to be specified by period
every year

Constant channel loss below reservoir in cfs, -1
if to be specified by period once and =2 if to be
specified by period every year

Channel loss below reservoir as ratio of flow remain-
ing after any constant loss is subtracted
Penstock loss coefficient in Hypgg = (EXDIS)QE/ag
if positive, penstock loss in feet if negative.
Reservoir capacity in acre-feet at full pool
Maximum permissible power generation rate for
peri§d as ratio to installed capacity (normslly
1.15

Table data cards

F.

G.
H,

STOR
AREA
EL
QOCAP
QOSTR

EFCY

ELEFY

Reservoir storage capacities in acre-feet correspond-
ing to areas and elevations given in cards G and H,
NSTOR (B6) values, must increase continuously.
Reservoir areas in acres, NSTOR values (B6)

Reservoir water surface elevations in feet, NSTOR (B6)
values, omit if PWR (D5) is zero.

Outlet capacities in cfs, corresponding to storages
given in J, up to 10 values, omit if QCAP (D9) is
positive,.

Reservoir storages in acre-feet, up to 10 values, must
increase continuously, omit if QCAP (D9) is positive.
Plant efficiency expressed as a ratio less than 1,
corresponding to reservoir elevations (up to 10 values)
given in item L, omit if PWR (D5) is zero or EFFCY (D7)
is zero or positive.

Reservoir elevations in feet, up to 10 values, must
increase continuously, omit if PWR (D5) is zero or
EFFCY (D7) is zero or positive.
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M-P. Water quality tables - Omit if QUR(1) is zero (D1)

M.

.
0.

P,

QUALL

QIQUA
QUALL

QIQUA

Quality of reservoir inflow (in parts per million or
degrees of temperature) corresponding to values in

item N, up to 10 values.

Reservoir inflow in c¢fs, up to 10 values, must increase
continuously.

Quality of locsl inflow corresponding to values in item
P, up to 10 values, omit if QUID (Cl10) is zero.

Local inflow in cfs, up to 10 values, must increase
continuously, omit if QUID (Cl0) is zero.

Q-8. Period data cards supplied for first year only for those items whose
calling index (see Cards B and C) is -1 and for every year in same
relative order for those items whose calling index is -2, = NPER (B3)
values for each item

Q.

*Units

NDAYS
*QOMIN
*QOMN2
QOMAX
*QDMIN

QDMAX
*QRITS
EFLNT

QUAID

STRMX
STRMN
STRM2

-

-Number of days in each period, omit if NDYS (B5) is
positive,

Minimum permissible outflow to river, omit if QOMN (C3)
is zero or positive

Minimum permissible outflow to pipe line, omit if QMN2
(Ch) is zero or positive

Maximum permissivle release to river in cfs, omit if
QOMX (C5) is zero or positive

Minimum permissible flow at downstream control point
excluding water rights, omit if QDMN (C6) is zero or
positive

Maximum permissible flow at downstream control point

in cfs, omit if QDMX (C7) is zero or positive

Water rights at downstream point, omit if QRTS (C8)

is zero or positive

Effluent in tons per day, cmit if EFIT (C9) is zero

or positive, or if QUID (Cl0) is zero

Meximum permissible concentration (in parts per million
or degrees of temperature) at downstream control point,
omit if QUID (Cl0) is zero or positive

Maximum permissible storage in acre-feet, omit if STMX
(D2) is positive

Minimum permissible storage in acre-feet, omit if STMN
(p3) is zero or positive

Storage level, equal to or greater than STRMN, at which
shortage is initiated, omit if STMN2 (D4) is zero or
positive

must comply with item B-8.
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POWR

EVAPO

ALOS
QI
QL

Minimum power requirement per period in thousand kw<hr
if positive, average load factor if negative, omit if
P4R (D5) is zero or positive

Reservoir evaporation (net change to project conditions)
in inches per period, omit if EVAP (D10) is zero or
positive

Constant channel loss below reservoir in cfs, omit if
ALOSS (E1l) is zero or positive

Reservoir inflow, see item C-2 for units, NPER items
(B3) every year

Local inflow below reservoir, same units as preceding
item, NPER (B3) items every year, omit if QDMN (C6)

is zero

New cycle start - Required shead of Item @ for each new cycle

(when NCYCL (B7) exceeds 1).

1. NYRS - Number of years in new cycle

2. I¥R

- Number of first year in new cycle (such as 1950)
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EXHIBIT 6
23-J2-L245
SUMMARY OF REQUIRED CARDS

1 2 3 L 5 6
M /QUALII QUALT

8-column fields

: 7 8 9 10
lUp tol 10 values Oinit if QUR (D1) is zero )

1, ELEFY EIEFY Same number as EFCY Omit if PWR (ns? is zero )
| | of if| BFFCY] (D7) ks not| neg. | |
K CY EFCY Up to 10 values Omit if PWR (D5) is zero )
| | or if] EFFCY] is ndt neg.|
J QOSTR QOSTR Same number as QOCAP Omit if QCAP is pos.)
( | I I I I I | [ (p9) |
Up to 10 values Omit if QCAP is pos. )

i | { | l (p9) |
- ELl ELI lUp to, NSTORl VALUES Omit if PWR is zero

I I(p5)
¢ /AREA ARFA

| |
F S'I‘ORI STOR

T QOCAP QOCAP

IUp to NSTOR VALUES
|

Up tol NSTOR VALUES | | B ) )
£ 'Lassl CLOSS HYDLS FULRS OVLOD '

.
| I /
D Q.UR! STMX STMN STMN2 PWRI PWRBD(I EFFCY TIWEL QCAP EVAP

I I I
o STORJ.I CONST QOMN QMN2 QOMX GDMN QDMX QRTS EFLT QUI]

| | I I | | I I /
B NYRS] IYRI NPER} IPERI mnrsl NSTOI? NCYCL TACFT NCMP )

A

I
I I I OUTPUT TITLE CARD L )

I | I I I
I I OUTPUT TITLE CARD

R R A T e e (1 e
A

OUTPUT TITLE CARD

A

/
Bach Job starts with 3 §itle qards

_J

NOTE: All data are entered using 8 column fields, 10 per card,

except that col. 1 on every card is reserved for identifi-
cation and not read by computer,

Thus only 7 columns are
usable in first field of each card.
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23-J2-1245
SUMMARY OF REQUIRED CARDS
(Continued)

8-column fields 1 2 3 L 5 6 7 8 9 10
'I'RME STRMZ2 NPER Values Omit if ST™MN2 (Dk) :’Lsl zZero Ior plis

1 I | I

/STR&-&N S’I‘RMN NPER Values Omllt if S'TMN (})]3) is lze::'o o!r plus)

| | |
7 fTRMX STRMX NPER Values Omit if STMX (IT?) is lpositlve R

I l |

¥ /QUAI;D QUAID NPER Values Omit if Q,|ULD (c10) zelro or lplus N
l l I l l l

X fﬁm EFINT NPER Values Omit if QUID (C10) is zero or
| ] | _1F HFLT zefro or positijve |

ﬁRITS Q,RI’.{'SL NPERI Valuers Gmlit if QFTS (CIS) is ,zero olr plus

MAX QDMAX
s
U RQDMIN C:),‘.'JMII*II NPER[Valuels Omrb if QfMN (c6) is rero or plug r)

NPERlValuels Om:.‘lb if QDMX (cr) is zero ef- plus) y,

7 ﬁOMAX QOMAX’ NPERl Value}s Omlt if Q]OMX (C’S) is [zero or plus) J

s /zoma Qomal NPERIValuels Omt if QT!NZ (ck) is ero o plus) )
R izOMINlQ,OM[Ni NPEIT ValuTs Om?,t if (I),OM (0133) 1s| Zero, lor pluk J
q }myslmmrsl INPER Yaluesl J(imit i!f maysl (85) lis plus|| ||V
LQUA QLQUA same number as QUALL Omit if QUR (D1) is ) Y,
S I | l [ I l zerq
o QUALL QUALLl lup tollo va.imes (l)mit i:lf' QUR l(Dl) iT zero y,
y GIQUA QIQUA same number as QUALI Omit if QUR (D1) is) J
ZEero
%
J
J
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23-g2-1245
SUMMARY OF REQUIRED CARDS

{Continued)
8~column fields 1 2 3 & 5 6 7 8 9 10
I | | | | I | I |
~
| I | | | I | I I
~
N O A IS N O M I
| | I I | I | I |
~
I | l I I I [ I
~
(N I N S TR SO B

Four blank cards at end of job calls stop.

Othprwise| compuber willl resfd A cards fof next| job. |

g /NYRS IYR Precedes item Q for each new cycle (when B

I | Neycl (B7)| exceelis 1) Jotherwise omit. |

| | Q}:i QLI QLI GALl QLI Q,Llemitlif A
QL QL QL QL QL QL QDMN (C6))

See footnote

| I | I I I I | is zZero
QI QX QI QI QI QI
; | I’Q,IIQIIQIlQ,IIQ,II QII | ~ )
5 JALOS lAL().":% INPER lI}’a.luesl Omi’tl if ALIOSS (E{l) zerlo or p‘lus D y
y JEVAPO %EIVAPO | iIIPEIRl Valuels Om:.lt if E|VAP (DIlO) zero or lplus‘ b
3 /POVR  POWR I INPER IValues omit |:I.f PWR[ (™5) lzero olr o | | ||)
)
Y
[/
%
v
- _J
Note:

Items @ through 7 repeated in same sequence every year.
Except for item 6 required every year, only those items
whose calling index is -2 are repeated every year.
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