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0 This document s intended to assist users of computer program HEC-5 who 2
o™ are engaged in modeling surface water systems for water supply. Using a single N
. reservoir operation for i1llustration, the document describes the input data ..
- needed to utilize a variety of analysis capabilities available in HEC-5. Input o
> data for multiple reservoir systems are similar to those for single reservoirs s
~ but include certain data which specify the system 1inkages and operation. A o
N description of this Information is also included. Two Appendices are part of s
the document. The first describes the method of automatically determining L
. conservation storage. It was felt that such an explanation would be useful
e since the capability exists in HEC-5 to derive a number of important reservoir
™ parameters and a better understanding of the methodology would be helpful. A -
o second Appendix contains summary output for the runs developed to illustrate Y
o input preparation. v
: A11 data in this document were developed for and output from the March L
"X 1985 version of HEC-5 on the Hydrologic Engineering Center's (HEC) Harris 500. 5
;{I Older versions of the computer program may require somewhat different input or -

give somewhat different output.

b Preparation of the input data, analysis of output, and research into some
ﬁf of the methodology used by HEC-5 was performed by Chau-1ing Tyan, graduate D 1
RS student at the University of California, Davis. Subsequent modifications and N
invaluable assistance was provided by Richard Hayes, Marilyn Hurst and Teresa
Bowen of the HEC staff. B111 S. Eichert, author of HEC-5 and Director of the

A'.
I'.
5
L-
e

Hydrologic Engineering Center, gave generously of his time in developing the
routines, debugging tests, and in review and editing.
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g{ WATER SUPPLY SIMULATION USING HEC-5

Y
N Introduction A

A It is the purpose of this document to i1l1lustrate the use of computer b
- program HEC-5, Simulation of Flood Control and Conservation Systems, for N
L~ simulating the operation of surface water reservoirs for water supply. HEC-5
is a widely used, comprehensive, computer model which has been used for a wide
r range of applications in flood control and hydroelectric power. Modifications ni
to the program over the past few years have extended and improved fits
capabiitty for water supply purposes. This document describes and 11lustrates gﬂl
this capability.

: The principal components of a surface water reservoir operation which are ]
- necessary for simulations include: streamflow records, including local inflow L
between gaged points; physical and operational characteristics of system -
storage facilities, and in-stream, diversion and operation requirements at %"‘
control points within the system. These components are common to all surface o
water simulations regardless of purpose. What differs with each purpose 1is v
the nature of the streamflow, operational criteria, and demand. For water L:
supply, low-flow periods are of special concern because it is during these RGN
periods that the possibility of not meeting water supply needs is greatest. =
Low-flows normally have the characteristic that they are relatively constant Lt
over a week or month period and therefore monthly streamflows are commonly e
used in simulation. Also, low-flows are commonly within channel and t
consequently routing criteria and water surface elevations, which are iﬁ
especially significant in flood control simulation, are of less importance in f{;-
water supply. Yet, low-flow, because it is low, can be significantly affected ¥
g by local inflow, effluent discharge from waste-water treatment plants, seepage
- to or from a river, evaporation and other manmade and natural phenomena. . o
‘ Operating criteria for water supply is principally concerned with meeting ;*ﬁ
demands over prolonged low-flow periods (droughts). Determining which is the i:':
critical low-flow period is 1tself part of the task of water supply simulation. S
For most streamflow records a number of possible critical periods exist. In :
- addition, criteria needs to be developed to distinguish between what 1is B
7;. "desired” and what 1s "required". What is desired can be supplied when there .
! 1s ample conservation storage in the reservoir to meet demands. Desired flows .
’;‘ will be released when the reservoir pool elevation is above the buffer level. ir
‘ \

R [hi]
'1‘ “ SO

Required flows have a higher priority than desired flows and are attempted to
be met when the reservoir storage level 1s between the buffer and inactive o
- Tevels. -

This document s designed to i1l1lustrate how HEC-5 input data are to be
prepared to model a variety of features often desired for water supply .
simulation. For each feature a number of options exist. A simulation, for K
example, may be run for a period of record, partial record, or critical
o period. Desired and required flow requirements may be specified as constant L
: for the simulation period, vary monthly or vary by period. The same three s
options exist for specifying diversions. In addition, diversion may be a tin
function of reservoir storage, or inflow. Optimization capability exists for NQE.
. determining minimum conservation storage requirements given flow and diversion \$\¥
Ni needs. Conversely, the dependable desired flow, required flow or diversion at g
e

PN o
ER AR

a reservoir may be determined given a specified conservation storage. The
capability also exists In the March 1985 version of the program to optimize -
the yleld at a downwstream control point. e
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Most of the features and options described in this document are 11lustrated
with single reservolr examples. They also apply to multiple-reservoir
systems. Multiple-reservoirs also have operating features which are unique:
parallel and tandem reservoir operations, for example. These features are
also described and 11lustrated. Lastly, example output and the optimization
methodology of the program are described in the Appendices.

LN
L

i

Other capabilities at HEC which aid the user in creating input files are
programs INFIVE and MATHPAK. INFIVE is an interactive program designed to
generate a data file for input into the HEC-5 program. Through a series of
questions and answers, a 1ist of cards necessary to simulate the system is
created, and optionally, variable names can be requested on a comment card for
each card field.

MATHPAK allows the user to manipulate data stored In an HECDSS data file.
The program can be useful in water supply simulations to compute natural
flows, instream flows, diverstons, etc., to be used as input into HEC-5.

A recent option to HEC-5 (but not 1llustrated in this document) ts the
capability to provide different priority releases by allowing reservoirs to be
drawn down to a level specified on the CP card, field 7. This capability is
in the March 1985 program version. More information on this option can be
found in the March 1985 Exhibit 8 (Input Description).

Basic Reservoir System

Input data. Figure 1 shows a schematic diagram of a single reservoir
system. One downstream control point 1s specified at Control Point (CP) 213.
Water supply requirements at CP 213 are met from conservation storage releases
at the reservoir. Figure 2 shows the storage levels and volumes for the
reservoir. Conservation storage is 71,200 acre-feet with 1700 acre-feet of it
in the buffer zone. Releases to meet downstream water supply requirements are
made from conservation storage. Tables 1 through 3 show data on the reservoir
and downstream flow requirements. The elevation-area-storage-outflow data are
necessary to define reservoir storage levels, to compute the volume evaporated,
and to determine outflows under flood conditions. Net evaporation (Table 2)
multiplied times the reservoir surface area is the volume lost from storage.
Negative evaporation values Indicate rainfall In excess of evaporation is
occurring. The monthly desired flows, required flows and diversions in Table
J are the average monthly water supply requirements at control point 213.

Monthly streamflow into the reservoir 1s shown in Table 4. A1l values are
monthly averages. They cover the period October 1927 to September 1937, a
Jow-flow period in the streamflow record. The full record s 1927-1977.

The foregoing data constitute the basic reservoir system to be simulated.
Table 5 shows these data as input for the HEC-5 simulation model. In addition
various job control data are also specified. The reader s referred to the
HEC-5 Users Manual, Exhibit 8, Input Description (March 1985), for
Instructions on the preparation of these data.

5 " '-‘a‘- ‘:":.‘n."; .;," ., G ¥ SN XY -" ._3
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Simulation Period Options

It 1s often desired to select different periods of record for simulation
or output. While the entire available record is commonly input, 1t may be
that only a portion of that record 1s desired for computation or output. Two
options exist for specifying shorter records: partial record and critical
period. These, together with the option of using the entire record are
described below.

Period of record. The basic reservoir system shown in Table 5 (Run 1)
11lustrates the use of a low-flow period for simulation. Partial HEC-5 output
from Run 1 corresponding to Table 5 input 1s shown in Appendix B along with
output from other examples (Runs 1-24). Data shown on the IN cards in Table 5
are inflow data to the reservoir for October 1927 to September 1937, a total
of 120 monthly periods. The number of periods is specified in fleld 2 of the
BF Card.

Partial record. The simulation period can be truncated and only part of
the record used in the computations. This option is specified on the BF Card,
field 6 (Table 6, Run 2). In this example the simulation period s truncated
after 60 perlods and only the first 60 monthly periods of Inflow are used in
the computations. See also description below of the use of negative value in
field 5, J3 Card. This option should always be used to reduce computation
time and output volume when making the first few runs for a new data set.
When the operations and output are correct for the initial set of input
{(normally 12-30 periods), then the full period of simulation should be
initiated by removing the ending period from field 6 of the BF card.

Critical perlod. Three options exist for selecting the period of low-flow
referred to as the "critical period”. The critical period can be selected
from within the flow record (IN Cards) based upon the option specified. The
three options are specified in field 5, J3 Card.

One option 1s to directly specify the critical period or any partial period
desired. In this case the simulation output will be for the periods specified.
Table 7 (Run 3) 11lustrates the option. A value, -10.060, 1s specified (J3
Card, fleld 5). This indicates the period to be simulated s from period 10
through 60 which corresponds to July 1928 through September 1932.

A second option for specifying critical perlod s to specify a specific
reservoir drawdown duration. HEC-5 automatically examines the period of
record and finds the beginning and ending periods for the duration specified
corresponding to the minimum flow volume. To help insure the critical period
is within this duration for the simulation run, five periods are added to the
end and the beginning is set back to the first month of the simulation year
{see J1 card, fleld 2). If the minimum flow duration is eight months (period
9 to 16) the ending pertod is extended five perlods to period 21. If perfod 9
represents June 1928 and the month of the first monthly value of demand data
(J1, field 2) Vs January then the beginning period 1s extended back to January
1928. This procedure of extension helps to insure that the low-flow period is
properly bracketed. To specify this option the duration desired is entered in
field 5, 13 Card.
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A third critical period option 1s to use as the duration a preselected Sy
multiplier times the ratlo of conservation storage to mean annual flow. The —
multiplier automatically used by the program is 70. It has been found from !.~
looking at numerous projects throughout the United States, that a reasonable e
estimate of critical perlod duration is the numerical value of 70 times the L
specified ratio. If the ratio of conservation storage to mean annual flow N
were .2 then the duration for the simulation run would be 14 months (assuming b
a monthly simulation). The beginning and ending periods of this duration e
would be those which correspond to the minimum flow volume for the 14 months e,
duration which is determined in HEC-5 by examining the whole period of o]
record. This option may be specified by using a 1 or 2 in fleld 5, J3 Card. ;:j
Required and Desired Flow Options :
Instream flow demands may be specified at control points within the system F!

being simulated. They may repregent a variety of low-flow requirements:
minimum flows for fishery or wildlife, navigation, stream recreation, minimum
water quality flows, and various other water supply conditions. Two types of
Tow-flow may be specified: minimum desired and minimum required. Minimum
desired flows are those which are the target when reservoir storage is above
the top of the buffer level. When streamflow is low and reservoir storage is ‘!'
lTow (below the top of the buffer) the minimum required flow allows the user to
cut-back and reduce requirements allowing minimum needs to be met until -
supplies are replenished. S

Four options exist for specifying required or desired flow: constant,
monthly, period by perlod or seasonally. A constant value means that the

required or desired flow 1s the same for each time period in the simulation. .iﬁ
A monthly specification allows required or desired flows to vary from month to -
month (but not year to year). A period by perlod specification allows the f:f
user to vary the flow by period throughout the period or record. For example, ;;f
a monthly desired or required flow can be varied each month and each year for -
the entire simulation perlod. In the seasonal option, up to 18 seasons (in f!,

number of days from January 1) can be defined on the CS card. Minimum desired

or required flows (on QM cards) can vary throughout the year and the release :fl
is based on the reservoir level for the specified season. a}]

Constant required and desired flow. The basic reservoir system (Table 5) ?L}
11lustrates the specification of constant desired and required flows. These R
values, 400 cfs and 100 cfs respectively, are shown on the CP Card for control e
point 213. R

Monthly required and desired flow. To change desired or required flows ff:l
from a constant to a monthly varying value QM Cards are used. An example 1is o~
shown in Table 8 (Run 4) for desired flow. In this example desired flow ;._

varies by month and required flow s a constant 100 cfs. -

When required flow varies by month and desired flow 1s constant, or when :
both required and desired flow vary by month 1t 1s necessary to put n a W
fictitious control point because only one QM array 1s available for a given g
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control point. Whenever desired flow is specified either constant (CP Card,
field 3) or monthly varying (QM Cards), this array is used. Therefore, when
specifying a minimum required flow varying monthly 1t 1s necessary to create a
fictitious control point to use the QM array. Table 9 (Run 5) ¥1lustrates the
Input for specifying monthly varying required flow with constant desired

flow. The monthly required flows are entered on the QM Cards for the control
point 213. A negative vatue (-1) is entered in field 4 of the CP Card to
indicate that the QM Cards will be used for required flow instead of desired
flow. The constant desired flow is shown in field 3 of the CP Card for dummy
location 212. Table 10 (Run 6) illustrates the input data where both required
and desired flows vary monthly.

Perlod varying required and desired flow. Tables 11, 12, and 13
11lustrate the manner of specifying period by period desired and required
flows. Each period 1s assigned a minimum flow value on an MR Card. In Table
11 (Run 7) the desired flow varies by period and the required flow is a
constant 100 cfs. When required flows vary by period and desired flows are
also used then a fictitious (dummy) control point must be specified because
there is only one MR array and it is normally used by the desired flow. The
use of dummy control points s 11lustrated in Tables 12 (Run 8) and 13 (Run
9). As in the monthly varying 11lustration (Tables 9 and 10) a -1 in field 4
of the CP Card is required to indicate period varying required flows.

Seasonally varying required and desired flows. In addition to desired or
required flows varying monthly, the user can also specify a seasonal rule
curve to vary required or desired flows. Figure 4, Table 15 (Run 11)
i1lustrate this option. This example, using additional RL cards and a CS
card, also shows a conservation pool varying by season, though this s not
required to vary the releases seasonally., The CS card for location 213
defines the seasons for each year (for the CG and QM cards) and the C6 card
specifies the elevations corresponding to the defined seasons. Each minimum
desired flow given on the QM card corresponds to one seasonal guide curve on
the C6 card. To vary required flows instead of desired flows, use a -1 in
fleld 4 of the CP card as previously 11lustrated for monthly varying flows
(Tables 9 and 10).

Seasonally varying conservation and buffer pools.

Table 14 (Run 10) and Figure 3 11lustrate the option of varying storage
allocation levels which change during the year. Addittonal RL cards are
required for each level; the first field of the additional RL card indicates
the reservoir level number; fleld 2 is the control point number, the varying
storages are given on flelds 5-10. A second additional RL card with storages
in fields 5-10 can be used 1f more than six storages are required. Seasons
are specified on the CS card if the seasons are not monthiy: fleld one
indicates the number of seasons, (maximum of 11), Flelds 2-19 are the
cumulative number of days from the beginning of the calendar year for each
season which correspond to the storages on the additional RL cards. This
example 1llustrates a common method of storage allocation in the west where
Yess flood control storage is required in the dry summer months, thereby
increasing the top of conservation pool (level 3, J1.4) and top of buffer
pools (level 2, J1.6).
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Diversion Options

Diversions allow water to be withdrawn from the matn surface system to
meet water supply needs elsewhere. There are three characteristics of a
diversion which need to be specified: location, magnitude, and timing of
source and return flow. A number of options exist for specifying each and o
these will be described and il1lustrated in the subsequent sections. =13

. .
B ,
A .
Tt .

Diversions may be made at reservoirs and at downstream control points.
Only one diversion can be made from a given location, but any number of
diversions can return to a given location. Return flows must be downstream of -
the point of withdrawal (i.e., cards later iIn sequence) unless a special
pumping option is specified (DR.7=-4). Both diversion and return flow
locations must be designated as control points. Seepage from a river can be
simulated by specifying a series of diversions at discrete control points
along the river. The amount diverted at each point would equal the seepage
rate for the reach of river represented by the point.
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The magnitude of water diverted and returned may be expressed in several
ways. It may be a direct quantity unrelated to anything except the water
needs supplied by the diversion. Alternately, diversion may be a function of
the fiow at the control point; a function of the reservoir storage where water
is diverted at a reservoir; or a function of off-peak energy in pumped storage
projects. These options provide flexibility in relating diversions to
in-stream and in-reservoir conditions.

Return flow is commonly expressed as a percentage of the diversion. This
Is usually adequate since what is returned is often a function of what is
diverted. Thus, a 20% return could apply to each time period whether the
diversion is constant, varies monthly, or by period. An additional character-
Istic of timing 1s the time lag or routing desired for return flow. When
diverted flow travels out of the river and eventually returns, it may travel
at a different rate than the river flow traveling from the diversion point to
the return flow point. Consequently, routing criteria for the diverted flow
may be specified on the DR card (only linear routing criteria can be used).

Constant diversion. Table 16 (Run 12) i1l1lustrates the use of the DR Card
(field 8) to specify a constant diversion of 150 cfs each time period. A
return flow of 20% s also specified (field 6). The flow 1s diverted at
control point 4 and returned at control point 213 (fields 1 :ad 2). No
routing s used either between the two control points or for the diversion
(field 3, RT Card and DR Card).

Monthly varying diversion. A diversion varying by month may be specified
by using the QD Card. This is il1lustrated in Table 17 (Run 13). Twelve
monthly flow values are specified on the QD Cards beginning with January
(Field 2, J1 Card). As shown in Table 17, field 7 of the DR Card is used to
¥ndicate that monthly diversions will be specified on QD cards for control
point 213.

Perlod varying diversion. Period by period diversions are specified by
using a -5 in field 7, DR Card. 1In this option the QD Cards, with period
varying diversions, are Inserted after the BF Card. Table 18 (Run 14) shows
the input data for this option.

6
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Diversion as a function of reservoir storage. Diversions are sometimes a
function of reservoir storage. Such diversions must be at a reservoir and
return flow must be downstream. Field 7 of the DR Card is used to indicate
that diversions will be a function of storage. The value -2 is entered in
field 7. The diversion rates are specified on the RD Card for corresponding
storages on the RS Card. Table 19 (Run 15) 11lustrates this capability.

Diversion of flood waters at a reservoir. A variation of the reservoir
storage option is to divert excess flood waters above the top of conservation
pool. This may be specified in fleld 1 of the RD Card with a -1. This option
can be useful in considering artificial recharge using flood waters. Using
this option the quantity which may be diverted can be 1imited by the capacity
of the diversion outlet. Also, in making the decision on how much to divert,
the reservoir first meets the desired and required flow requirements at the
reservoir (CP4). Example input are shown in Table 20 (Run 16).

Diversion as a function of iInflow. Where it is desired to specify
diversions at a control point as a function of inflow, a table of inflow
versus diversion needs to be specified. In HEC-5 the diversion as a function
of inflow option s indicated by a -1 in fleld 7, DR Card and the table of
inflows and diversions are specified on the QS and QD Cards respectively.
Table 21 (Run 17) i11lustrates the data required . Inflows at the control
point are compared with data on the QS Card and corresponding diversion flows
are determined from data on the QD Cards.

Diversion options also exist for pumping-diversion and an off-peak energy
and pump-back storage diversion.

Optimization Options

In water supply planning 1t is often desired to know the minimum
conservation storage required to meet reservoir or downstream flow and
diversion requirements. The solution is an iterative process of assuming
different storage volumes until the minimum storage is found that will meet
requirements.The inverse i1s also common. Given a fixed storage volume, what
is the maximum desired flow, required flow, or diversion which the reservoir
will yield? In this case two of the three requirements are held fixed while
the third is varied unt11 the maximum is reached for a given reservoir
storage. The maximum desired flow, for example, can be determined while
holding the required flow and diversion constant.

The foregoing task of finding minimum conservation storage or maximum
yield (desired flow, required flow or diversion} is handled in HEC-5 through
its optimization capability. In addition to water supply yield the program
can optimize monthly firm energy and monthly plant factors for hydropower.
The time interval of inflow for optimizing must be monthly. Also, only single
reservoirs or up to four independent reservoirs in a system can be optimized.
Each reservolr must be optimized for its own independent set of flow
requirements or conservation storage. At this time tandem reservoirs cannot
be derived automatically in the same run. Optimization of an upstream
reservoir for yield at a downstream control point can be accomplished in the
March 1985 version of the program.
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Optimization period options. The same options for selection of the
simulation period discussed under "Simulation Period Options® are available
using the optimization capability. These are period-of-record, partial
record, and critical period. Period of record and partial record options are
specified using the BF Card discussed previously. For the critical period,
the options are specified on the J7 Card, Field 8 instead of on the J3 Card
for non-optimizing runs (See Table 22, Run 18). These options include:
specifying the time periods desired for the simulation run; specifying a
monthly reservoir drawdown duration; and specifying a duration equal to 70
times the ratio of conservation storage to mean annual flow. These are
referred to 2s the *critical period” options.

In addition to the options described in the preceding paragraph, there
also exists the capability to simulate using several combinations of critical
period and period of records simulations. For this option, a code 1s input in
field 9, J7 Card (See Table 22). Five such options exist and are summarized
below, however, it s strongly recommended that code 6 be used.

OPTIMIZATION OPTIONS FOR COMBINATIONS OF PERIODS
Indicator (Field 9, J7 Card) Simulation Periods

0, 1 Optimize for period of record (flow
data on IN Cards)

2 Optimize for critical period and
period of record

3 Optimize for critical period and check
with period of record (1 cycle)

4 Optimize for critical period, check
with period of record; adjust critical
period; optimize for adjusted critical
period and check with period-of-record
{2 cycles).

6 Make three cycles of adjusting,
optimizing and checking as opposed to
one and two cycles, as described
above. (Recommended option)

These options allow for both critical period and period of record
simulation. A check is made to see 1f the optimal storage (or flow, or
diversion) computed for the assumed critical perlod can be maintalined for the
period of record. If the assumed critical period is in fact, the true critical
period then the firm yield can be maintained for the period-of-record. If the
drawdown using the period-of-record is greater than the drawdown using the
assumed critical period, and not within the specified allowable error, then a
new critical period is selected and the storage optimized. This capability
also applies to optimizing desired flow, required flow and diversion.
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Optimization of reservoir conservation storage. Table 22 (Run 18)
11lustrates the use of the J7 Card to specify the optimization routine for
conservation storage. In field 1 a value of 4.0 specifies the location where
optimization is to take place (control point 4), and that conservation storage
above the top of buffer pool will be optimized (specified by .0.). Field 8
(value of 2) specifies the optimization will start with an initial critical
duration equal to 70 times the ratio of conservation storage to mean annual
flow. An allowable error ratio (positive and negative) of .05 is specified in
fleld 10. This is the ratio of the storage error (difference between the
target drawdown storage and the minimum storage in the simulation) to the
total conservation storage above the target drawdown storage.

When reservoir storage is being optimized, the desired and required flow
requirements may be specified for either the reservoir or a downstream control
point. When optimizing for any yield (required or desired flow or diversions),
the water yield being optimized is at the reservoir unless the downstream
control point (J7, fleld 5) is specified.

The methodology used to optimize conservation storage is described and
11lustrated in Appendix A.

Optimization of desired flow. This optimization option determines the
maximum desired flow avallable during the critical period or period of record
given a specified volume of conservation storage. Other system requirements
such as diversions and required flow are met as specified. Note however, that
required flow 1s not competitive with desired flow because it is not drawn
upon unttl the storage reaches the top of buffer at which time desired flow 1s
no longer met.

Table 23 (Run 19) 1l1lustrates the input and output for this option. 1In
fleld 1 of the J7 card a 4.2 1s specified which indicated the desired flow
(.2) at control point 4 (4.) wil)l be optimized. The other input on the J7
Card are the same as used for the storage optimization. The monthly varying
desired flow to be optimized is specified using the QM Card. Constant and
period varying desired flow may also be optimized.

Table 24 (Run 20) 11lustrates input data necessary to optimize desired
flow when it 1s varied by period. Data on the J7 Card remain unchanged from
that described in the previous paragraph. The desired flows are required as
input on the MR Cards in order to provide an initial) estimate of the optimal
flows and as a pattern for determining the optimal ratios of the MR Card
values.

Optimization of required flow. This option determines the maximum required
flow for the critical period or period of record that can be maintained through
the period of historical flow data given a specifted volume of conservation
storage. Other system requirements such as diversions and desired flows are
met as specified.
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Table 25 V1lustrates the input required on the J7 Card to specify this 3$ﬁ
option {(Run 21). The 4.3 in field 1 specifies optimization of required flow =
at control point 4. The other input on the 17 Card are the same as for the
storage optimization. An initial estimate of 200 cfs for the required flow
(constant for each period) is input on the CP Card, field 4. Monthly and
period varying required flow may also be optimized.

Optimization of monthly diversion. Optimization of diversion determines
the maximum diversion flow for the critical period or period of record. A
given volume of conservation storage, with other system requirements being
met, 1s specified. Both desired and required flow requirements may be
competitive with diversions since the diversion requirement applies to storage
above and below the buffer level.

Table 26 (Run 22) shows the input required on the J7 Card. A 4.4 is used
in fleld 1 to specify optimization of diversion (.4) at control point 4 (4.).
The other input data on the J7 Card are the same as for the preceding
optimization runs. An initial estimate of the monthly varying diversion is
input on the QD Card. Subsequent estimates for the optimal values will be
proportional to these Initial estimates.

Optimization of all reservoir yields. By specifying a 4.9 in field 1
(Table 27, Run 23) of the J7 Card, all yields 1.e., desired flow, required
flow and diversion, are optimized for a given storage at the reservoir. Each
of the yields 1s multiplied iteratively by the same constant until the
drawdown storage is within the target error specified. A1l ylelds must be at
the reservolir.

-
3
Ay

Optimization at a downstream control point. In addition to optimization of
reservoir ylelds at the reservoir, yleld can also be optimized at a downstream
control point. This option s avatlable in the March 1985 program version and
Is accomplished by inputting the downstream control point numbe: to be
optimized in field 5 of the J7 card.

Multiple Reservoir System Simulation

Basic system specifications. A multiple reservoir system is made up of
Individual) reservoirs which operate either independently or in conjunction
with the other reservoirs. The requirements for computer simulation are the
same as for single reservoirs with the added requirement of 1inking the
individual reservoirs together as required for system operations. The
descriptions and examples for single reservoirs presented earlier in this
document apply also to multiple reservoir systems. Linkages between reservoirs
are additional specifications which are added to the single reservoir cards.
To 11lustrate the input data necessary for a multiple reservoir system
consider the three reservoir configuration shown In Figure 5. Storage levels
and volumes for each reservoir are shown in Figure 6. To simulate the
operation of this system using HEC-5 the input data listed in Table 28 (Run
24) was prepared. Note that all flows and volumes are in metric units (Field
1, 31 Card).

10




Parallel reservoir operation. Reservoirs are in paralle) when they are on
different streams above a common control point. A1l parallel reservoirs that
are operated for a common downstream control point are operated as a system.
In Figure 5 reservoir 2 is in parallel with reservoir 3. Reservoir 1 operates
independently of reservoir 3; reservoir 2 operates with reservoir 3 to meet
the requirements of control point 4. The operating criteria used by HEC-5 for
parallel reservoirs can be il1lustreted by the system in Figure 5. Reservoir 3
w11l meet 1ts own flow requirements and make releases for control point 4.
Reservoir 2 will do the same. In operating Jointly reservoirs 2 and 3 will
make releases for control point 4 such that their levels are nearly the same
at the end of each period. Releases are made from reservoirs beginning with
the highest level. Thus, in Figure 6 releases are not made from reservoirs 1
and 3 until reservoir 2 reaches level 4, since reservoir 2 has storage in zone
4-5 and the other reservoirs do not.

Jandem reservoir operation. Reservoirs are in tandem when two or more
reservoirs are on the same stream. They may operate independently of one
another or as a reservoir system. In Figure 5 reservoirs 1 and 2 are in
tandem with each other, reservoir 1 operates for downstream reservoir 2 and N
reservoir 2 operates for control point 4. Using HEC-5, two options are - ed

avallable for balancing the storage levels between reservoirs 1 and 2 (J2 1)
Card, field 4). The first uses the storage index level for the downstream Eiz
reservoir, the second the equivalent index level for the two tandem reservoirs. T
The equivalent index level 1s determined by weighting the level of each Lo
reservolir in a subsystem by the storage in the reservoir to determine a Ao
storage-weighted level for the subsystem. For the current time period tke L
upstream tandem reservoir (reservoir 1) attempts to release water to draw its X
Jevel to the previous period's index level (or equivalent level under option -y
2) for reservoir 2. With releases from reservoir 1 known for the current %!ﬁ
period, releases from reservoir 2 can be determined. The objective is to meet i

downstream flow requirements and keep the tandem reservoirs in balance.
Depending upon the storage and flow requirements for the reservoirs this
balancing may occur immediately or may take several time periods. 7The HEC-5
users manual presents an equivalent reservoir example.

Simulation of complicated water supply systems. When simulation results for
complicated water supply models Indicate shortages in meeting minimum flow
demands while water supply storage exists in the system, a recycle option in
HEC-5 (J2 card, field 4, include 32 in sum), can be used to provide better
results. This code causes the program to recycle through the solution process
twice (instead of once). It is suggested that this option be applied only
when water supply simulation results are unsatisfactory, producing reservoir
release error messages. Output error messages must be requested by including
4 (output error check) In the sum of values on the J3 card, field 1. For
analyses 1t is helpful to request user-defined output tables with J8 cards
which include a 1isting of shortages (codes .06, .08, and .31), for each

£ control point with minimum flow or diversion requirements. The execution time
- for HECS5A may be increased by 100% by using this recycle option; 1t s
suggested that it be used only after a complete review of the output indiates
shortages are occurring. This option is available in the March 1985 version
of the program and documented in the January 1985, Exhibit 8 of the HEC-5
Users Manual.
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TABLE 1
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Reservoir Elevation, Area, Storage, Outflow Data

A}

Reservoir

Elevation (ft.) Area (Acre) Storage (acre-feet) Outflow (cfs) ey

1250. 0 0 0
1265. 20. 150. 100. o
1280. 0. 580. 100. s
1300. 80. 2000. 9000. s
1325. 185. 5380. 10500.
1350. 350. 12020. 12000.
1370. 587. 21410. 13000.
1390. 800. 35560. 14000. U
1410. 1040. 54300. 15000. £
1430. 1390. 78340. 16000. o

1450. 1830. 110,690. 17000. S
1454, 1922. 118,140. 30000. o,

1458. 2014, 126,000. 54000.
1462. 2106. 134,200. 86000. o
1466. 2198. 142,800. 128000. &
1469. 2261. 149,700. 160000.
1472, 2336. 156,500. 198000.
1481. 2500. 180, 200. 218000. s
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TABLE 2

Monthly Reservoir Net Evaporation (inches)

dan Feb Mar Apr May Jun  Jul Aug Sep Oct  Nov  Dec

-1.59 -1.54 -2.03 -2.39 -0.52 -0.36 -0.54 -.40 -0.02 0.52 -2.63 -2.38

TABLE 3

Monthly Desired Flow, Required Flow and Diversion (cfs)
Control Point 213

12
g ¥

Jan Feb Mar Apr May Jun Jul Aug Sep Oct
500 520 530

Desired Flow 420 440 480 540 550 490 440 410

Required Flow 100 120 130 140 150 150 140 130 120 110 100 100

Diversion 150 140 120 100 100 100 100 100 100 100 140 150
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TABLE 4 J

MONTHLY RESERVOIR INFLOW (cfs) ‘J

(Pertod 1 = Oct 1927; Period 120 = Sep 1937) ﬁ

Date Period Inflow Date Period Inflow Date Period Inflow fﬁ

Oct 1927 1 1222. Feb 4 669. Jun 81 194, ;j

Nov 2 1268. Mar 42 878. Jul 82 17. S

Dec 3 497, Apr 43 804. Aug 83 513. =

Jan 1982 4 733. May 44 367. Sep 84 424, N

Feb 5 647. Jun 45 420. Oct 85 620. -
Mar 6 1385. Jul 46 206. Nov 86 1219.
Apr 1 999. Aug 47 145. Dec 87 566.
May 8 1365. Sep 48 74. Jan 1935 88 354.
Jun 9 1308. Oct 49 80. Feb 89 1044,
Jul 10 360. Nov 50 133. Mar 90 763.
Aug 1 282. Dec 51 475. Apr 91 545.
Sep 12 176. Jan 1932 52 433. May 92 388.
Oct 13 193. Feb 53 530. Jun 93 1177.
Nov 14 261. Mar 54 1106. Jul 94 252.
Dec 15 481. Apr 55 506. Aug 95 187.
Jan 1929 16 431. May 56 513. Sep 96 179.
Feb 17 1130. Jun 517 2176. Oct 97 872.
Mar 18 1230. Jul 58 130. Nov 98 697.
Apr 19 810. Aug 59 117. Dec 99 613.
May 20 283. Sep 60 429, Jan 1936 100 331.
Jun 21 163. Oct 61 1205. Feb 101 3094,
Jul 22 150. Nov 62 400. Mar 102 820.
Aug 23 208. Dec 63 438. Apr 103 354.
Sep 24 608. Jan 1933 64 526. May 104 268.
Oct 25 614. Feb 65 909. Jun 105 126.
Nov 26 553. Mar 66 1224. Jul 106 65.
Dec 217 524. Apr 67 655. Aug 107 43.
Jan 1930 28 475. May 68 348. Sep 108 140.
Feb 29 760. Jun 69 212. Oct 109 172.
Mar 30 891. Jul 70 1032. Nov 110 560.
Apr K] 491. Aug n 1237. Dec m 1004.
May 32 575. Sep 12 524, Jan 1937 112 859.
Jun 33 N7. Oct 73 385. Feb 113 679.
Jul 34 105. Nov 14 354, Mar 114 1282.
Aug 35 94. Dec 75 nea. Apr 115 793.
Sep 36 75. Jan 1934 176 139. May 116 364.
Oct 37 76. Feb 71 459, Jun 1M1 2170.
Nov 38 102. Mar 18 1195. Jul 118 9.
Dec 39 124, Apr 79 550. Aug 119 224.
Jan 1931 40 164. May 80 307. Sep 120 753.
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TABLE 5

11 SINGLE RESERVOIR WATER SUPPLY SYSTEM
12 # BASIC RESERVDIR SYSTEM & RUN |
H !lﬂNTHLYlFLDU l9§7-l937 §ECDRD :120 PER%ODS)

& !
46 -1.59 -1.5¢ 2,03 -2.39 -0.52 -0.36 -0.54 -.40 0.02 0.32
Jb '2.63 .2'38
8 411 422 413 412 410 213,05 213.06 213.07 213.08 213.04
:Id : 71;?(3) 300 2000 71500 180200 240000
RS 1B 0 150 380 2000 5380 12020 21410 35540 54300
RS 76340 “0698 “B:ag 126000 134200 142800 149700 156500 180200

I bind YRPRUATLIEEN tall WATTFLRTNILES | asl Tv I IR

R 18 1000 9000 10500 12000 13000 14000 15000
RO 16000 17000 30000 S4000 86000 128000 160000 198000 218000
RA 18 0 20 40 80 185 3% 587  BOO 1040
RA 1390 1830 1922 2014 2106 2198 2267 2336 2500 :
RE 18 1250 1265 1280 1300 1325 1350 1370 1390 1410 7y
RE 1430 1450 1454 1458 1462 1466 1469 1472 1481 %
P4 8500
1D RES NO.4 -]
RT 4 23 .
P 213 12000 400 100 !:1
ID C.P. 213 o3
RT 213
ED
F 2 12 27100100 720 -
IN  A0CT 1927 -
IN 1222 1268 497 733 647 1385 999 1385 1308 360 "
IN 282 176 193 261 481 431 1130 1230  Bl0 283
IN 163 150 208 608 614 853 SM 475 %0 891
IN 91 515 37T 105 9% s 76 102 14 164 1
IN 669 878 804 367 420 200 145 7 80 133 1
IN 475 433 S30 1106 506  S43 276 130 429 y
IN 1205 400 438 326 909 1224 455 38 212 1032 2
IN 1237 524 385 3 712 139 4S9 1195 %%0 307 y
IN 1% 17 513 A2 620 1219 Shh 354 1044 783 N
IN S5 38 1un 2% 1@ 179 8712 497 M3 33
IN 3094 820 354 268 12 65 3 0 172 50 !Lj
g 1004 859 479 1282 793 34 20 M9 2% 13
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SINGLE RESERVOIR WATER SUPPLY SYSTEM
12 ¢ PARTIAL RECORD SIMULATION ¢ RUN2
3 MONTHLY FLW 1927-1937 RECMD (120 PER;MS)

b i
J‘ -lls’ ‘1.5‘ '2103 -25 3’ ’0-52 -00“ -°l 5‘ ] 40 o. 02 0052
J6 -2.63 -2.38
B 411 422 413 412 4,10 213.05 213.06 213.07 213.08 213.04
: 71500 300 2000 71500 180200 240000

213

18 0 130 380 2000 5380 12020 21410 33360 34300
RS 78340 110490 118140 126000 134200 142800 349700 136300 180200

R 18 0 600 1000 9000 10500 12000 13000 14000 135000
RG 16000 17000 30000 54000 84000 126000 160000 198000 218000

M 18 0 20 L) 80 183 350 57 800 1060
RA 1390 1830 1922 2044 2106 2198 2267 23 2500

18 1250 1265 1280 1300 1325 1330 1370 1390 1410
1430 1450 1454 1458 1462 1466 1469 1472 1481

2
213 12000 400 100

27100100 60 720 |

733 647 1385 999 1363 1308 340
261 48l 431 113 1230 810 283
408 44 353 3N 7 160 891
103 " 73 ] 102 124 164
367 420 206 143 4] 80 133
106 506 513 276 130 n 429
26 909 1224 655 348 212 1082

..............................
..........................
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TABLE 7 L

1 SINGLE RESERVOIR WATER SUPPLY SYSTEN T
12 ¢ CRITICAL PERIOD SINULATION ¢ RUN 3 RS
T3 NONTHLY FLOW 1927-1937 RECORD (120 PERI0SS) ey
Y - T
:-."-'-\.

0.5¢ -0 002 0.5 a7

B 61 422 413 412 410 23.05 213.06 215,07 213.08 213.04 -,
RO TS e zie 7ise dovioo v
B 10 0 150 580 2000 5380 12020 21410 35360 54300 e
RS 76340 110690 118140 126000 134200 142800 149700 155300 180200 0
M 18 0 A0 1000 9000 10500 12000 13000 14000 15000
RO 16000 17000 30000 54000 G000 128000 160000 198000 219000 A
R 18 0 20 4 80 185 350 S87 800 1040 )
RA 1390 1830 1922 2014 2106 2198 27 2336 2500
RE 16 1250 1265 1200 1300 4325 1350 1370 1390 1410 "
JC I U R U U L 1481 R
BS HCRN

1D RES NO. 4 S
AT 4 13
CP 213 12000 400 100 N
10 C.P, 213 %
213
21100100 7)) ]
N 40cT 1527 o

IN 1222 1268 497 733 &7 1385 99 1WS 1306 W A
In 282 176 193, 261 481 81 1Y lzg 80 288 A

N 163 19 208 608 64 333 M 760 o
L S 1 B 1) 103 94 75 1] 102 1 i
IN 669 878 B804 367 420 206 143 " 80 133

IN 475 433 330 1106 506 13 278 130 77 &
IN 1203 40 438 gg‘b 909 1224 453 M8 212 10%2

363 }
IN 1% i 8Ny 24 a0 29y

1
IN S5 3@ 1 Mm w1 Mmoo Wy
IN 3094 820 34 268 12 ] 84 1w 112 W
g 1004 BS9Y b7y 1282 T3 I 0 Y M 1M
ER
23 S

'.'.‘.-‘{ A _\':\.\\\ \\"
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X TABLE B -';:-i
- :\Izr
. -‘, "
N

n SINGLE RESERVOIR WATER SUPPLY SYSTEN ot

« 12 ¢ DESIRED FLONS VARIED MONTHLY, REQUIRED FLOWS CONSTANT & RUN ¢ Lo
- R MITKY‘FLW l9§7-l937 gECORD :120 PEI%ODS) R
‘0

1
Jb '1-5’ 'l.“ '2-03 .2l39 -0152 '0.“ -°|5‘ =40 0-02 0-52

Jb '20“ -2|3.
& 8 411 422 413 412 410 213,05 213,06 213,07 213,08 213,04
% : 713?% 300 2000 71500 180200 240000
RS 0 13 380 2000 3380 12020 21410 33T60 54300
X RS 78340 110690 118140 126000 134200 142800 149700 156500 180200
- 18 0 600 1000 9000 10500 12000 13000 14000 {5000
RO 16000 17000 30000 54000 B&000 128000 140000 198000 218000
RA 18 0 20 40 80 183 350 387 800 1040
. RA 1390  1B30 1922 2014 2106 2198 2267 2336 2500
18 1250 1265 1280 1300 1328 1330 1370 1390 1410
- RE 1430 1430 1454 {4358 1462 1466 1469 1472 1481
4 8300 =
i 1D RES NO.4
; 4 213
P 213 12000 100

T
o 420 "W 480 300 520 W 30 330 490 440

i) 410 400

BF 2 120 27100100 120

N 40CT 1927

IN 1222 1268 " 133 o7 1383 999 135 1308 0

N 28 176 193 261 481 431 1130 1230 810 283

N 18 130 208 408 414 533 U 73 760 891

IN 891 375 37 105 " 15 76 102 124 164

N 669 878 804 387 420 206 143 " 80 133

N 33 330 1106 306 313 276 130 n 429

IN 1208 400 438 526 909 1224 633 38 22 1032

IN 1237 524 383 354 n2 139 99 119 350 307

IN 194 171 313 24 620 1219 366 I/ 04 763
g IN A3 88 1N 252 187 1 872 L 613 3
N IN 3094 820 354 268 126 65 43 140 172 360
‘N g 1004 839 679 1282 193 364 210 319 24 753
< ;'.-Z;:?
' »
193
» .::..}\‘
- ‘:h\:<

S

.- .h\ -
B S
o ‘:L"'..(
b
. 24
Ot O Ry LR o0 UL LR U A
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R TABLE 9
- TL  SINGLE RESERVOIR NATER SUPPLY SYSTEN 2
T2+ REQUIRED FLOWS VARY MONTHLY , DESIRED FLOWS CONSTANT. ¢  RUN S R
- 13 NONTALY FLOV 192 1927-1937 gscm (120 mwns) L
- B3Bos S
_~: J6 -1-5’ ’1-5‘ '2-03 '2039 -°u52 -0|“ '0.5‘ '.‘0 0.02 0-52 '; ‘.
Jb '20 63 -2038 R
4 B A1 022 013 612 490 212,05 212,06 213.07 213,08 213.04 Y
RL 4 71500 300 2000 71500 180200 240000 ~
w7 23 .
- 18 0 150 sB0 2000 5300 12020 71410 35360 54300 -
- Rsnm 110690 118140 126000 134200 142800 149700 156300 180200
0 600 1000 9000 10300 12000 13000 14000 15000
RO 600 17000 30000 54000 86000 128000 16000 198000 218000 :
! RA 18 0 20 40 B0 185 3% 387 800 1040 25U
RA 1390 1830 1922 2004 2106 2198 2267 233 2500 ]
RE 1B 1250 1265 1280 1300 1325 1350 1370 1390 1410 =77
RE 1430 1450 1454 1458 1462 146h 148 1472 141
P4 8300
1D RES NO. 4 Nk
. . '."_--l'
N l l .."V.
10 c.p. 212 o
RT 212 213 .
P 213 12000 5
o 10 C.P. 213
RT 213
) o 100 120 130 140 150 150 140 130 120 110 ol
£ g0 100 100 e
1 ) -]
2 120 27100100 720 o
. I docT 1927 2y
IN 1222 1268 497 T3 647 1385 999 (33 1308 380 e
IN 28 176 193 281 48t 431 1130 1230 810 283
IN 163 150 208 08 A4 3853 S 415 780 B9
IN 891 S5 347 105 9 78 Tk 102 124 1M R
IN 669 878 804 367 420 200 S T4 80 133
IN 475 a33  S30 1106 S06 SI3 2% 10 71 4™ P
) IN 1205 400 438 526 909 1224 455 348 212 10R2
- IN 1237 524 385 354 712 139 459 1195 S50 307
IN 194 171 S13 a4 820 1219 Seb 354 1084 783

IN 545 |8 1177 52 187 179 872 9 613 331
w IN 3094 820 354 268 126 63 43 140 172 30
-, IN 1004 839 679 1282 193 364 270 39 20 3




TABLE 10

1
o
Tl SINGLE RESERVOIR WATER SUPPLY SYSTEM !_‘
T2 & MONTHLY DESIRED AND REQUIRED FLOWS ¢ RUN & -
13 mﬂlYlFLW l9§7'l937 gEmD :120 PER;ODS)
3 b 1 N
J‘ -’l” "o“ '2-03 '2-8’ .°n52 -o'“ '0.54 '.40 0.02 0-52
36 -2.63 -2.38
8 411 422 L1342 4,10 212,05 212,06 213.07 213.08 213.04
R 4 71300 300 2000 713500 180200 240000
2 22 213 .
RS 18 0 130 580 2000 5380 12020 21410 35550 34300 e
RS 78340 110490 118140 126000 134200 142800 149700 136500 180200
Re 18 0 400 1000 9000 103500 12000 13000 14000 15000
RQ 16008 17008 30000 54000 86000 128000 140000 198000 21%

M1 20 40 80 183 350 387 1040 -
RA 1390 1830 1922 2014 2106 2198 2267 233 2300 »
RE 18 1230 1265 1280 1300 132§ 1350 1370 1390 1490 -
RE 1430 1430 1434 1458 1462 1466 1469 1472 1481
cP 4 8300
ID RES NO.4

12 1 :
1D DUwwY CP

M 420 40 480 300 520 540 9350 S0 490 40

oM 40 400
P 213 §2000 -1
10 c.gism -
N 100 120 130 140 150 150 140 130 120 110 e
[N 100 100 ‘
2 120 27100100 720 A
IN d0CT 1927 i
IN 1222 1268 497 733 M7 1385 999 135 1308 360
IN 282 176 193 261 481 431 4130 1230 810 283 N
IN §83 150 200 408 14 SS3 SM 415 760 891 o
IN 41 515 37 105 % 15 % 102 14 1M N
IN 89 878 B804 367 420 206 145 1 80 I -
N 4TS 433 530 1106 S0b  SI3 276 1M T 49 -
IN 1205 400 438 526 909 1224 4SS 38 212 1032 N
IN 1237 S 385 3/ 712 139 459 1195 Ss0 307
IN 19 71 SI3 A2 620 1219 S 354 1044 783
IN 545 388 1177 2152 187 119 81 oM M3 3%
IN 309 820 354 268 126 63 3 10 1 %0
g 1004 859 679 1282 793 34 270 39 M 1S3 g
L%
»
2
26 i
2
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® TABLE 11
o TL  SINGLE RESERVOIR MATER SUPPLY SYSTEN
T2+ DESIRED FLOWS VARY BY PERIOD ¢ RN 7
T3 MONTHLY FLOM 1927-1937 RECORD (120 PERIODS)
o i 1 5 3 ' 2
- 3159 154 <203 -2.39 -0.52 -0.3% -0.5¢ -.40 0.02 0.5
3b-2.63 -2.38
5 B AN 42 413 412 410 213,05 213,06 213.07 213.08 213.04
o R4 7 300 2000 71500 180200 240000
" RS 18 0 150 3580 2000 5380 12020 21410 35360 34300
: RS 78360 110690 118140 126000 134200 142800 149700 136300 180200
RO 18 0 600 1000 9000 10500 12000 13000 14000 15000
RO 16000 17000 30000 54000 84000 128000 150000 198000 218000
RA 18 0 20 40 80 185 350 7 800 1040
RA 1390 1830 1922 2014 2106 2198 2267 233 2500
RE 18 1250 1265 1280 1300 1325 1350 1370 1390 1410
RE 1430 1450 1454 1458 1442 146 149 1472 148t
% s o
! *
-
RT 203
- 212 27100100 720
: N docT 1927
1222 128 47 TR M7 1388 145 1308 30
n 176 193 2l 41 431 130 1280 @10 268

IR ] M2\ Ol % ¥
) 1 171 ST 64 620 1219 Seb 104 783
. W OSS 38 T 2/ 197 1% 82 W M3 3
> I 309% 820 34 28 126 65 43 160 112 %0
: 220 39 E-W
o W20 190 100 170 160 170 160 1% 155 140
R O10 120 1S 145 IS 120 110 160 110 125
MO110 180 160 180 175 15 150 160 145 158
. M O170 180 190 (95 400 (9% 1% 185 1735 183
MO10 18 150 110 120 110 45 120 40 180
- R O10 115 0 1S 120 15 100 110 105 110
R O120 125 120 28 25 M5 W 28 280 200
MO§10 125 200 20 25 255 25 20 200
Y M O160 145 150 410 120 110 445 120 160 130
MO0 15 10 145 120 1S 100 110 103 110
™~ M 120 125 120 225 225 M3 M0 23 20 200
o L?i 10 125 240 240
o ER
=
L _§
2 27
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12
13
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36 -1.59
Jb -2063
18 4,1
RL

SINGLE RESERVOIR WATER SUPPLY SYSTEM
# REQUIRED FLONS VARY BY PERIOD ¢
MONTHLY FLOW I9§7-l9l7 REC

3

-2.39
.12
2000

-1

27100100

3
261
608
103
367

1106

326
354
AN
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TABLE 12

™

.'I.)
40

ORD (120 PERIODS)
L] 2
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TABLE 13

T SINGLE RESERVOIR MNATER SUPPLY SYSTEM
T2 & PERIOD VARYING DESIRED AND REGUIRED FLONS & RUN 9
13 MNTlI.YlFLDI l9§7-1937 gECORD :120 PER%ODS)

il

33 b 1

4 -1.39 -1 -2.03 -2,39 -0.52 -0.3% -0.54 -4 0.02 0.32
b -2.43 -2.38

8 41 422 413 412 410 212,05 212.06 213.07 213.08 213.04
RL 4 71500 300 2000 71500 180200 240000

RS 18 0 130 380 2000 5380 12020 21410 35560 54300
RS 78340 110690 118140 126000 134200 142800 149700 156500 180200

18 0 600 1000 9000 10500 12000 13000 14000 15000
RQ 16000 17000 30000 34000 85000 128000 140000 198000 218000
RA 18 0 20 40 80 183 330 387 800 1040
RA 1390 1830 1922 2014 2106 2198 2267 233 2500
RE 18 1250 1265 1280 1300 1323 1350 1370 1390 1410
RE 1430 1430 1434 1438 1462 1466 1469 1472 481

cP 4 8300
10 RES M0.4

4 212
CP 212 12000
1D DumMy CP
RT 212 213
P 213 12000 -1
1D C.P. 213

213

27100100 120

IN 1222 1268 " 733 647 138 999 1365 1308 360
IN 282 176 193 261 481 431 1130 1230 810 n
IN 183 150 208 408 b14 333 vi) LE] 760 891
N M o 317 103 9 5 16 102 124 164
IN &89 878 804 367 420 206 145 L) ] 133
IN 475 33 930 1108 506 i3 276 130 n 29
IN 1203 400 438 326 909 1224 653 b A2 1032
m 1237 324 383 334 "2 139 459 119 5% p )
Nt 171 3 424 620 1219 34 34 104 763
IN 343 Jeg 1N 232 187 179 872 697 613 3
IN 3094 820 354 268 126 63 L 140 in 360

839 679 1282 193 364 250 319 224 153

200 290 80 27 260 270 260 0 5 240
29 220 225
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TABLE 14

1 SINGLE RESRVOIR WATER SUPPLY SYSTEN
12 ¢ SEASONALLY VARYING BUFFER AND CONSERVATION PODLS ¢
H DAILY F;LOI 192§ IIE(!(I!I)3 (365 PgRIODS) . RUN 10

Fy) n

B3 1

36 -1.59 -1.54 -2.03 -2.39 -0.52 -0.36 -0.54 -.40 0,02 0.5

3b-2.63 -2.38

B 409 438 A1l 493 4,22 2305 213.06 213.07 213,08 213.04
4110490
1 T 0 ;
2 4 5 2000 12020 12020 2000 2000
3 i 5 110690 180000 180000 110690 110690 D
A P 180200 -
- S— 240000
18 0 150 580 2000 5380 12020 21410 35560 54300

P Al

18 0 100 10500 12000 13000 14000 15000
16000 17000 30000 54000 36000 128000 198000 218000 218000
18 0 20 40 80 185 350 367 800 1040
1390 1830 1922 2014 2106 2198 2336 2500 2600
18 1250 1263 1280 1300 1325 1350 1370 1390 1410
RE 1482 1430 1454 1458 1462 146b 1472 1481 1500

[
P I DI B}
o

- el N

RL
.8
RL
i
:su 78340 110690 118140 126000 134200 142800 156500 180200 240000
R
RA
RA
RE

e 8500
1DRES &
RT 4 213
|5 ; 1 L]

13 1
pee 23
R 213
ED
A 29010100 %
N 4 01INNZ9
IN 1104 1090 1076 1062 1048 1034 1020 1006 992 978
IN 964 930 936 922 908 a9 860 g6 832 ase
IN N 810 192 774 797 139 722 704 687 669
IN 451 634 818 399 381 564 54 328 St 493
IN 476 438 % 423 403 370 L - S
IX 300 283 279 k] 27 267 263 el 31

IN 112 109 " L) 9% 4] i) 92 91
1] 91 By 7] B8b B6 84 87 88 07
mw 73 4 15 13 11 70 60 60 3
N 3% 33 30 30 )| ] ] 92 53 3%
m 3N ¥ 3 30 55 53 58 )
IN & 4% L 3 43 43 3 L] 3 LM
. N 4 3 4 80 40 4 38 38 38 3
N3 30 29 30 u U 3 ] 3 35

5% N 150 130 131 133 153 13 139 161 163 163
# IN 167 169 171 173 173 m 179 180 182 184
"N IN 186 188 190 192 194 196 198 200 202 204
N IN 206 208 221 34 247 261 274 287 301 314
s N 327 34 354 367 381 N 408 421 434 W
S N 4l 474 487 301 34 37 41 b 387 381
»® IN 594 508 608 608 408 608 608 609 609 609




T SINGLE RESERVOIR MATER SUPPLY SYSTEM

T2 ¢  SEASOMALLY VARYING MININUM DESIRED FLOW ¢

ER 31

POy -

13 DAILY FLDW 1929 RECORD (3465 PERIODS) RUN 11
)] 1 3 3 L 2
2 32
i3 6 |
J‘ -‘l” -115‘ -2103 -2039 '0.52 'oa“ -00“ -4 °a°2 0.5
36 -2.63 -2.38
Je ‘.0: 7:5033 11 413 422 213,08 21304 245,07 213.08 213.04
| 1 -1 300
RL 2 4 -1 2000
M 3 4 3 110690 180000 180000 110690 110490
RL 4 4 | 180200
3 4 -1
{ 213
18 i 580 2000 3380 12020 21410 35340 54300
RS 78340 110490 118140 126000 134200 142800 156500 180200 240000
1 100 10500 12000 13000 14000 13000
RO 15000 17000 30000 54000 BA000 120000 198000 218000 218000
8 0 20 40 80 183 330 m 800 1040
RA 1390 1830 1922 2014 2106 2199 233 200 2600
8 12%0 125 | 1300 1325 1350 1370 1390 1410
1466 1472 1481 1300
¥}
1034 1020 1006 992 978
m 9 936 29 %0 866 852 [ ]
v B 810 192 774 IclU 123 2 704 o8 o9
N 8L 434 816 b et 364 s by ] i 493
IN 476 438 441 423 403 388 370 33 333 318
IN 283 279 i} 271 267 263 259 253 251
IN 207 243 239 235 pall 2 223 219 213 211
N 207 203 199 193 191 187 183 in 173 1
| I 163 162 162 161 161 160 180 159 1%
IN 139 158 138 157 157 156 156 156 153 133
N 154 134 153 153 153 152 192 151 151 13
IN 130 148 143 12 135 130 123 119 117 13
IN 112 109 9 o L % " " ” 9
N9 n 86 83 84 85 8% 8 8 LU
IN 73 13 74 73 13 n 70 60 0 %
m % 53 30 30 51 31 33 2 33 3%
N5 59 30 50 Ll 53 55 I e %
m & % 4] 3 13 43 43 43 3 3
N g 3 40 40 ) L 3 ] 3 3
N30 30 ry) 30 U U 0 B 3 B
N u 33 37 37 18 39 3 n 3 b
IN &5 43 48 L Al 50 k) ] 2 2
IN 088 88 89 89 90 92 N ” 93 'L
IN 98 % % " 12 " 100 101 103 107
[ LY | 133 180 104 187 150 131 157 139 16!
IN 150 150 131 153 159 157 15 164 163 163
N 167 169 171 173 173 in in 100 182 14
IN 1B 188 190 192 194 196 199 200 202 Fia)
IN 206 208 21 23U rily 261 MmN w 304 piL]
N 327 341 354 367 381 3 400 421 434 U
IN 461 M 487 s01 514 s E,)] 54 3% N
IN % 508 608 408 408 608 08 609 o 00
IN 609 609 410 410 810 410 611 bl bl 411
N b1 b1 812 812 $12 812 412 813 413 13
IN 613 614 o1 409 807 803 603 601 el m
N 39 b1 Ml 5689 W ) 83 et £ 24 mn
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TABLE 16 e

It SINGLE RESERVOIR WATER SUPPLY SYSTEM
12 & CONSTANT DIVERSION AT RESERVOIR # RUN12
H HONTHLY FLON l9§7-1937 §ECORD :120 PERgDDS)

l

i3 6 |
46 -1.59 -1.54 -2.03 -2.39 -0.52 -0.36 -0.54 -.40 0.02 0.52
Jb '2163 '20”

8 A1 422 413 412 410 4300 403 431 215,03 213,04
RL 4 71300 300 2000 71500 180200 240000

RO | 213
RS 18 0 150 580 2000 5380 12020 21410 33560 54300
RS 78340 110690 118140 126000 134200 142800 149700 136300 180200

6 0 600 1000 9000 10300 12000 13000 14000 15000
R2 16000 17000 30000 54000 BA000 128000 160000 198000 218000

8 0 20 40 80 185 350 387 800 1040
RA 1390 1830 1922 2014 2106 2198 2267 233p 2500
RE 18 1250 1263 1280 1300 1325 13%0 1370 1390 1410
RE 1430 1430 1434 1438 1462 1466 149 1472 1481
e 4 8300
ID RES ND.4
AT 4

0.2 %]
) w10
10 C.P. 213
RT 213
£
B2 10 27100100 720
IN AOCT 1927

IN 1222 1268 497 33 647 1383 999 135 1308 360
IN 282 176 193 261 481 81 1130 1230 810 2683
In 183 130 208 608 614 383 Y1 475 760 891
IN 491 573 3 103 % 75 Tb 102 124 164
IN 869 78 804 367 420 204 143 " 80 133
IN 4TS 433 33 1106 304 i3 274 130 n 29
IN 1203 400 438 326 99 12 633 348 22 1032
N 120 24 8 I 112 139 8 19N 330 307
IN 1N 171 313 2 620 1219 366 I 1004 6
IN 348 88 1N 22 187 179 72 697 613 331
IN 3094 820 394 268 126 63 3 140 172 360
IN 1004 859 679 1202 w3 364 7 319 n ™
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TABLE 17 i
~.\::
P
T SINGLE RESERVOIR WATER SUPPLY SYSTEM
12 + MONTHLY DIVERSION DOMNSTREAM ¢ RUNI3
13 MONTHLY FLOW 1927-1937 RECORD (120 PERIDDS)
I t 5 3 4 2
B b 1
16 -1.59 -1.5¢ -2,03 -2.39 -0.52 -0.3% -0.54 -.40 0.02 0.5 -
Jb -2.63 -2,38 ..
B A1 422 13 12 410 23,05 213,08 213,30 213,03 213.04 SR
'.%%, : ng?g 300 2000 71500 180200 240000
RS 18 0 150 580 2000 5380 12020 21410 35560 54300
RS 76340 110690 118140 126000 134200 142800 149700 156500 180200 -
R 18 0 400 1000 9000 10500 12000 13000 14000 15000 o
RQ 16000 17000 30000 54000 85000 128000 150000 198000 218000 -
RA 1B 0 20 10 B0 185 350  S87 800 1040 -
RA 1390 1830 1922 2014 2106 2198 2267 23% 2500 RN
RE 18 1250 1265 1280 1300 1325 1350 13720 1390 1410
RE 1430 1450 1458 1458 1462 1466 1469 1472 1481
(P 4 8500 :
1D RES ND.4
RT 4 23 SN
CP 213 12000 400 100 9
1D C.P. 213 =
RT 213 N
R 213 I
@ 12 150 140 120 100 100 100 100 100 100
o 180 150 L
F 2 12 27100100 720 sl
IN  40CT 1927 .9

IN 1222 1208 97 13 647 1385 999 1363 1308 360 ._Q:_:.

IN 3094 820 3 268 126 ] 4 140 172 960 o
g 1004 859 679 1282 793 364 270 39 2 53 ]
ER L
& .
9 o]
) °
[ : ' . B
3 e
. s
N ”’
-
:-.’: 33 Ry
°
% S
» :" ‘ 1 HOTAER P W N S - A\\‘- ..... : N 'n S \-. -‘. ’ :' ’ ':‘ - N . L N '-'\'-.\‘
S ;. .\‘- RS, T .,.- A e .-_‘: ~ _'\,, K \._‘-._‘ ............... ) ;‘ ......... R




TABLE 18 s

Tl SINGLE RESERVOIR WATER SUPPLY SYSTEM
12 #DIVERSION DONNSTREAM VARYS BY PER10D# RUN 14
3 NONTHLY FLOW l9§7-1987 §ECND :120 PER%ODS)

i 1

3 b 1

b -1.59 -1.54¢ -2,03 -2,39 -0.52 -0.35 -0.4 -.40 0.02 0.32
16 -2.63 -2

.38
B 41 422 413 412 4,10 213,05 213,06 213.30 213.03 213.04
RL 4 71300 300 2000 71300 180200 240000

RO 1 213
RS 18 0 150 380 2000 5380 12020 21410 39360 34300
RS 78340 110690 118140 126000 134200 142800 149700 136300 180200
R 18 0 600 9000 10500 12000 13000 14000 15000
RO 15000 17000 30000 34000 86000 128000 140000 198000 218000

0 20 B0 183 350 387 800 1060

]
RA 1390 1830 1922 2004 2106 2198 2267 233 2500
RE 18 1250 1265 1280 1300 1323 130 1370  13%0 1410
RE 1032 1450 1454 1458 1462 14bb 1469 1472 1481

cp 8500
1D RES N0.4
RY L] 213
P 213 12000 400 100
10 C.P, 213
213
213 =
3]
BF 2 120 21100100 4]
IN 40CT 1927
w122 1 W 133 647 1383 999 138 1308 360

68
IN 282 176 {93 261 481 31 4 123 810 283

IN M k] 17 103 9% 1] 102 124 164
IN 469 a78 804 387 420 204 143 4 89 3
IN A7 433 30 1106 506 33 276 130 71 429
IN 1205 400 438 326 909 1224 4353 348 212 1032
N 125 2 389 354 n2 139 439 1198 3350 b

@ 110 128 240 260 265 5 263 270 260 253

0 110 113 140 143 120 113 100 110 103 110
0 120 123 120 2 pre] 23 20 233 260 210
) 123 20 260 263 25% 265 270 260 yeb]
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TABLE 19 o

-'_..4

]

—a

T SINGLE RESERVOIR NATER SUPPLY SYSTEM 0.
12 # DIVERSION AT RESERVOIR A FUNCTION OF RESERVOIR STORAGE ¢ RUN 15
3 MONTHLY FLOW 1927-1937 RECORD (120 PERIODS) g
oy L s :
36 -1.59 -1.54 -2.03 -2.39 -0.52 -0.3 -0.54 -.40 0,02 0.52 b
Jb -2l 63 ‘2.“ t’“
B 411 422 413 412 410 4,03 213,03 213.05 213.06 213.04 »
:Lo : ng(:g 300 2000 71500 180200 240000

RS 18 0 15 580 2000 5380 12020 21410 35560 54300 el
RS 78340 110690 118140 126000 134200 142800 149700 156500 180200
R 18 0 600 1000 9000 10500 12000 13000 14000 15000
RO 16000 17000 30000 54000 86000 128000 160000 198000 218000
RA 18 0 20 4 80 i85 350 587 800 1040
RA 1390 1830 1922 2014 2106 2198 2267 23% 2500 »
R O B U LT

0 0
0 %0 150 150 1% 150 15 150 150
ID RES K0.4 . g
. .7 7] "3
- - '-.
C.p. 23 N
RT 213 T
£ :
B2 10 27100100 720
IN 40cT 1927

IN 1222 1268 497 133 647 1383 999 13 1308 360 o
IN 282 176 193 261 481 B 1Ny 123 810 3 T
N 183 150 208 408 414 333 by} 473 760 891 SO
IN 491 57y 37 103 9% 15 76 102 124 164 s

IN &89 878 804 367 420 206 143 L 80 13 A
IN 475 433 530 1106 30b 9y 2 130 T 29 0y
IN 1203 400 438 326 209 1224 6335 348 212 1032 o
IN 1237 524 383 354 12 139 459 1193 330 307 Y
IN I in 313 424 620 1219 J6b 34 104 163 ™
= IN 545 88 1N M2 187 179 872 M 613 331 *
o IN 3094 820 354 268 126 83 43 140 172 560 -~
e IN 1004 839 679 1282 793 364 270 319 yrl} 3 -
£l (-
?'-.' ER 1::"-;
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TABLE 20 >

) SINGLE RESERVOIR WATER SUPPLY SYSTEN
12 # DIVERGION OF FLOOD WATERS AT RESERVOIR ¢  RUN 16
n WDI.Y‘FLN l9§7-l937 l}ECMD 5120 PER;DDS)

3 b |
4 -1.59 -1.54 -2.03 -2.39 -0.52 -0.36 -0.54 -.40 0,02 0,32
36 -2.63 -2.38

8 411 422 413 412 410 4,03 213,03  4.05 4,06 213,04
RL 4 71300 300 2000 71500 1B0200 240000

RO i 213
RS 18 0 150 380 2000 5380 12020 21410 35360 54300
RS 78340 110690 118140 126000 134200 142800 149700 156500 180200

R 18 0 600 1000 9000 10500 12000 13000 14000 15000
gg 160?3 17008 30000 54000 86033 1zeogg 160000 198000 218000

RA 1390 1830 1922 2014 2106 2198 2267 233

P 213 1
10 C.P. 213
RT 213

ED

b 2 120 27100000 720
IN40CT 1927

IN 1222, 1268, 497. 733, 647, 1385, 999, 1345. 1308,  340.
IN 282, 176, 193, 261, 481, 431, 1130, 1230. B10. 283,
IN 163. 130, 208. 608. 614, 533, 524, 473, 760, B9M,
IN 891, 575, 317, 108, ". 13, 76, 102, 124, 164,
IN 669, B78. BOA.  367. 420, 206, 145, 4. 80. 133,
IN 475, 433, 330, 1106, 506  S513. 276, 130, 17, AN,
IN 1205,  400. 438, 526,  909. 1224, 455, M8, 212, 1032
IN1237, 524, 385, 34, 712, 139, 459, 1195,  3%0. 307,
IN 194, 178, 513, 424, 620, 1219, 566, 334, 1044, 743,
N 34, :gg. 17. ;z%. 187, 179, 872, 697, 613, 33,

4. . 360
IN 1004, B39, 479, 1282, 793, 344 270, 319. 224,  T7HS.
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TABLE 21

n SINGLE RESERVOIR WATER SUPPLY SYSTEW
12 # DIVERSION A FUNCTION OF INFLON # RUN 17
13 HﬂlﬂlYlFLOl l9§7-l937 gECORD :120 PER;OIB)

i

3 [ 1

4 -1.59 -1 -2,03 -39 -0.52 -0.36 -0.M4 .40 0.02 0.32
36 -2.63 -2.38

8 424 LI 422 413 402 410 403 213.03 213.06 213.04
gl.o ’ 713(1)% 300 2000 71300 180200 240000

RS 18 0 130 580 2000 5380 12020 21410 35560 54300
RS 78340 110690 118140 126000 134200 142800 149700 156500 180200

M 18 0 00 1000 9000 12000 13000 14000 15000

b 10300
RG 16000 17000 30000 34000 85000 128000 150000 198000 218000
RA 18 0 20 40 80 183 350 387 800 1040
RA 1390 1830 1922 2014 2106 2198 2267 2336 2500
RE 18 1250 1265 1280 1300 1325 1350 1370 1390 1440
RE 1430 1450 1454 1458 1462 1466 1469 1472 148t

27100100 120

IN 122 128 47 733 M7 1385 999 133 1308 360
IN 282 176 193 261 461 431 1130 1230 810 283
IN 183 150 200 608 o4 333 3N 4N 760 69t

IN 669 878 804 387 20 204 143 " 80 133
IN475 433 530 1106 36 NI 2% 130 71 29
IN 1203 400 38 526 909 1224 635 M8 212 5032
IN 1237 ¢ 383 I n2 139 459 19 350 307
IN 1N i 13 44 620 1219 366 I 10M 163
IN 35 8 U 2R 187 1y 2 7 3 3
IN 3094 820 3N 268 126 63 3 140 172 30
IN 1004 899 7 122 M @ M Y M ™
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TABLE 22

!ll"
11 SINGLE RESERVOIR MATER SUPPLY SYSTEM ::?
12 #0PTINIZATION OF CONSERVATION STORAGE ¢ RUN 1B v
13 MONTHLY FLOW 1927-1937 RECORD (120 PERI0DS) s
J1 i 3 3 4 2 S
3 b 1
J6 -1.59 -1.5¢ -2.03 -2.3% -0.52 -0,36 -0.5¢ -.40 0.02 0.52 »
NENEER — »;
H.' I O
J .l L] L] L] . L[] [ . ..j
RL 4 71500 300 2000 71500 160500 180200 d
RO | 213 Sy

RS 18 0 150 980 2000 5380 12020 21410 35560 54300
RS 78340 110630 118140 126000 134200 142800 149700 156500 180200

8 0 600 1000 9000 10500 12000 13000 14000 15000
RQ 16000 17000 30000 54000 84000 128000 160000 l9ﬂggg 218288 1040

0 20 4 80 185 350
RA 1390 1830 1922 2014 2106 2198 2267 233 2300
RE 1B 1250 1265 1280 1300 1325 {350 1370 1390 1410
1458 1462 1466 1469 1472 1481

.. ..
I )
» " s T
oS .
s

RY 4 213 9
CP 213 12000 =
KD c. Pl 213 : '.t‘
RY 213 .
ED

BF 2 120 27100100

IN 4OCT 1927

IN 1222 1268 97 733 47
IN 282 176 193 261 481
IN 183 150 208 608 b14
IN 491 t1E] 7 105 "
IN 849 878 804 367 420
IN 475 433 530 1106 306
IN 1205 400 438 926 909
IN 1237 524 385 354 12
IN 194 1 a3 424 620
IN 545 B8 1177 32 187
IN 3094 820 354 268 126
IN 1004 859 677 1282 793
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TABLE 23 =

=

1 SINGLE RESERVOIR NATER SUPPLY SYSTEM el
7] + OPTINIZATION OF MONTHLY DESIRED FLOW ¢  RUN 19
i WONTHLY FLOW 1927-1937 RECORD (120 PERIODS)
i, R
19 LR 205 23 0% 0% 0 -0 0@ 0%
[ig T N T R T e e
R ngfg 300 2000 71500 180200 240000 o
RS 18 0 15 580 2000 5380 12020 21410 35360 54300
RS 78340 110690 118140 126000 136200 142600 149700 156500 180200 -
R 18 0 400 1000 $000 10300 12000 13000 14000 15000 2
RO 16000 17000 30000 54000 86000 120000 150000 198000 218000
0 185 350 587  B00 1040 N

206 2198 2267 233 2500 o

130 1325 1350 1370 1390 1410

1462 1866 1489 1472 1481 T

o]

S20 540 550 530 490 440 o

10 C.P, 213 RS
RT 213
ED e
B2 10 27100100 720 -8
I doCT 1927
IN 1222 1268 497 733 M7 1385 999 145 1308 360
IN 282 176 193 21 481 431 1130 1230 810 283
IN 163 150 208 608 64 553 S 4TS 70 m
IN 41 575 37 105 W T8 Th 102 14 ek
IN 9 B78 B804 37 420 206 WS 4 B0 33 e
IN 475 433 SN 1106 306 SI3 2% 130 0T 49 ®
IN 1205 400 438 32 909 1224 655 3@ 22 1032 S
IN 1237 s 3 I M2 13 49 19 10 3 NG
IN 19 Q71 513 A2 820 1219 Seh 354 1084 763 DAY
IN SIS 388 N7 1’/ 18 19 &2 1 M3 33 o
IN 309 820 354 28 126 65 43 140 112 S0 e
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TABLE 24 -

e

o

e

n SINGLE RESERVOIR WATER SUPPLY SYSTEM :
12 #0PTINIZATION OF PERIOD VARYING DESIRED FLONS:  RUN 20 i
5 WONTHLY FLOM 1927-1937 RECORD (120 PERIODS) »
3% . 1 5 3 . f ,
W -1.59 -S4 -2.03 -2.39 -0.52 -0.36 -0.54 -.40 0,02 0.52 r
- -2.38 3
\ 7T T .08 1

8 il 62 600 610 RS N0 L.07 T.08 2504 -3

1
: 71500 300 2000 71300 180200 240000

213
18 0 130 580 2000 5380 12020 21410 33360 54300
RS 78340 110690 118140 126000 134200 142800 149700 136500 180200
RE 1B 0 600 1000 9000 10500 12000 13000 14000 13000
RG 16000 17000 30000 34000 86000 128000 150000 196000 218000
0 40 387 800 1040

8 20 80
RA 1390 1830 1922 2014 2106 2198 2267 23% 2500
RE 18 1250 1265 1280 1300 1325 1350 1370 1390 1410

1450 1434 1458 1462 146b 149 172 1481
1D RES P.Cﬁg

P a3 1|
19 C.P, 213
RT 213

2 120 27100100 720

N 122 1288 W2 733 67 1383 999 15 1308 360
IN 282 176 193 261 461 43 1130 1230 6810 283
N 18 15 208 408 6i4 55 3 00 891
IN 1 s 7 103 9% 73 ] 102 124 164
Iy 878 84 7 40 206 143 4] 80 133
I A7TS 433 S0 1106 306 Ny M 130 n 429
IN 1208 400 438 326 909 1224 453 348 212 1032
m 12 2 By I 2 139 99 1198 30 37
N i 174 313 24 620 1219 366 3N 10M 163
N N5 8 7 32 187 i 8 7 613 33
820 H 268 63

N 30% 3 124 4 10 112 W
“ 1% B39 479 1282 793 364 270 319 2N 133
M 400 390 30 370 0 0 W /0 I/W 30
M 330 320 33§ WS I 30 30 M0 3N 3B
MR 30 30 30 3B I3 WS W0 M0 M3 I
R N 30 39 400 3% 3\ W I 36
R W W W 20 330 38 330
m 10 W 320 0 us W e 8
M 320 325 330 I B WS M0 W o 30
M 30 3B5 W0 W0 WS I/ WS I W0 3N
R O U5 30 0 0 W W W M

m 30 W OM 2 U5 W 30 W5 30
R 320 325 3 W W W W 00 370

I
LB__}}Q 335 340 360 S 355 WS 30 30
3]
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TABLE 23

n SINGLE RESERVOIR MATER SUPPLY SYSTEM
12 S0PTINIIATION OF REQUIRED FLOWG® RN 21
13 MONTHLY FLOW 1927-1937 RECORD (120 PERIODS)
3 1 3 3 4 2
' M b |
Jb '1-5’ '1.“ -2003 '2-3’ '0.52 -OU“ .005‘ ‘.‘0
d6 <2.63 -2.38
3 43 2
g8 411 413 A12 A0 410 405 406 4,07
:ﬁ : 71;?3 300 2000 71500 180200 240000
RS 18 0 150 380 2000 5380 12020 21410
RS 78340 110690 118140 126000 134200 142800 149700 156300
M 18 0 600 1000 9000 10500 12000 13000
RO 16000 17000 30000 54000 84000 128000 160000 198000
RA 18 0 20 40 80 183 30 587
RA 1390 1830 1922 2014 2106 2198 2247 2336
RE 18 1250 1265 1280 1300 1325 130 1300
RE 1430 1430 (454 1438 1482 1446 MY 1472
cP § 8300 400 200
ID RES NO.4
RT 4 213
P 213 12000
ID C.P, 213
2; 213
BF 2 120 27100100 120
IN 40CT 1927
IN 1222 1248 97 733 647 1385 1365
N 282 176 193 281 481 3 1130 1230
IN 183 150 208 608 614 383 £y ] a3
IN ol 3735 37 105 9% 3 76 102
N b9 878 204 387 420 206 145 1L
IN 475 433 530 1106 306 313 276 130
IN 1205 400 438 526 909 124 635
N 1237 524 383 334 112 139 4959 1195
IN 194 n 513 24 620 1219 34
N 34 B8 un 232 187 179 '72 697
IN 3094 820 354 258 126 65 140
ég 1004 83y 19 1282 793 364 270 319
ER

41

0,02  0.32

b .05
4,00 213.04

35360 54300
180200

14000 15000
218000

800 1040
2500

1390 1410
1481

| 0

810 283

760 891

124 164

8 133

1 29

212 1032

550 307

1044 763

813 31

172 560

2 753
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TABLE 26

AN Ll DA AR AN gl TR

A s

SINGLE RESERVOIR WATER SUPPLY SYSTEM
¢0PTINIZATION OF MONTHLY DIVERSIONs RUN 22
‘MTHLYSFLW 19§7-l937 l‘lECﬂRD ; 120 PERIODS)

A[..' .

i
-1,5% -2.03 -2.39 -0.52 -0.36 ~-0.54 -.40 0,02 0.32 .|
'2-“ ]
2 b .05
13 412 426 409 4,10 430 4,03 213.03 213.04 .9
71;?(3’ J00 2000 71500 180200 240000 X

18 0 130 580 2000 3380 12020 21410 33360 54300
110690 118140 126000 134200 142800 149700 156300 180200
8 0 600 1000 9000 10500 12000 13000 14000 135000
17000 30000 54000 84000 120000 160000 (98000 218000
0 20 40 80 183 330 387 800 1080
1830 1922 2014 2106 2198 2267 2336 2300
1250 1285 1280 1300 1325 1330 1370 1390 140
1450 1454 1458 1482 l4bb 149 L4T2 LAB1

213

A3 0.2 1

230 240 20 200 200 200 200 200 200
20 200

12000 130 100

120 27100100 0

1268 Ll 33 647 1385 999 1363 1308 350
176 193 2605 481 g% 130 1230 810 283
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TABLE 27
T SINGLE RESERVOIR WATER SUPPLY SYSTEN
12 s0PTINIZATION OF ALL RESERVOIR YIELDS® RUN 23
13 NONTHLY FLOW 1927-1937 RECORD (120 PERIODS)
gg . i S 3 4 ?
Jb ‘1.5’ '1-5‘ '2-03 '2.39 .0052 -0036 -005‘ ‘.‘0 0-02
36 -2,63 -2.38
37 49 2 [
I8 401 413 412 424 4,00 410 4,30 403 213.03
g& : 71;?% 300 2000 71300 180200 240000
RS 18 0 130 580 2000 5380 12020 21410 35560
RS 78340 110690 118140 126000 134200 142800 149700 156500 180200
Re 18 0 600 1000 9000 10500 12000 13000 14000
RO 16000 17000 30000 54000 85000 128000 150000 198000 218000
RA 1B 0 20 40 80 183 330 387 800
RA 1390 1830 1922 2014 2106 2198 227 23} 2500
RE 18 1250 1265 1280 1300 1325 1330 1370 1390
RE 1430 1450 1454 1458 1452 1466 1469 1472 1481
cp 4 B3O
ID RES NO.4
RY 4 213
DR 4 213 0.2 |
@0 12 250 240 220 200 200 200 200 200
0 200 240 250
P 213 12000 130 100
ID C.P. 213
RT 213
ED
BF 2 | 27100500 720
N 40CT 1927
IN 1222 1248 497 733 647 1385 999 135 1308
IN 282 176 193 261 481 431 1130 1230 810
IN 1863 150 208 608 b4 553 s 3 760
IN M 317 105 " 73 76 102 124
IN 689 a78 B804 387 420 206 143 1L 80
IN 475 433 530 1106 306 SI3 276 130 n
IN 1205 400 438 326 909 1224 533 348 212
N 125 324 3835 334 12 139 459 119 3350
IN I 17 313 24 620 1219 566 35 1oM
IN 545 | un 252 187 179 872 697 813
IN 3094 820 3 268 126 (5] 43 140 172
ég 1004 859 679 1282 793 364 270 319 2
ER

43

0.52
.03
23.04

34300
13000
1040
1410
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TABLE 28

n THREE RESERVOIR MATER SUPPLY SYSTEN

12 # DASIC THREE RESERVOIR SYSTEN ¢ RUN 24
H MTII.YSFLOU RECORD ll;ll 1933 - APR 1954 {14 PERIDDS)
32 16

¥ 2

98 .44 204 Y14 2.3 L3 431 408 4.0
:Lo } 30700012) 1980000 1960000 1980000 3330000 3330000 4210000
RS 3 1960000 3330000 4210000

M3 !‘l'gg 1200 1500

" 4 1
B,
% 2 3461000 2390000 2860000 2880000 3320000 3760000 6670000
RS 3 2590000 3760000 6670000

%0 2000

M3
ce 2 380 14
ID RES2
RY 2
w2 |
gg 1‘2, g g 0 8.3 10 2 2 7 0
‘lid ? 1417002 970000 1110000 1323000 1540000 1340000 2440000
RS 3 970000 1340000 2440000
R I W0 00 %00
e 3 25 i
1D RES3

3 L

3 |
nm 12 0 0 0 b 7 9 7 2 0
a 0 0 0
cp ‘ 783 8
10 C.P. 4
AT 4
IR 4 |
@ 1 0 0 0 8.3 18 3 2 ? 0
1] 0 0 0
| 113 13 127 127 142 142 127 ] 85 83
g H] 85
¥ ! 14 53030100 0
IN 133 268 230 211 20 20.5 6.5 3.5 4 L) 6 17 13
m 14 4 %9
IN 253 134 115 106 10 10 3 2 2 2 3 8 13

30
W 383 100 78 & 20 1863 42 11 10 11 11 193 %
IN 453 349 183 2406 44 21 185 95 18 22 24 59 &
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APPENDIX A

OPTIMIZATION OF CONSERVATION STORAGE -
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APPENDIX A
OPTIMIZATION OF CONSERVATION STORAGE (RUN 18)

This example 1llustrates the method used by HEC-5 for automatically
determining conservation storage for a single reservoir operating for minimum
monthly desired flow. The input and output data follows on Tables A-1 through
A-5.

The J7 Card s used to request the optimization routine to determine the
minimum conservation storage at reservoir 4 (J7.1 = 4.0) needed to meet desired
flow requirements during the low-flow period (input in Table A-1).

Conservation storage optimization is based upon the storage volume above
top of buffer pool. For each trial the assumed conservation storage is
computed by a program determined multiplier times the previous trial's
conservation storage (a monthly variation may be input on RL Cards). The
trials are repeated until the drawdown storage is within the error 1imit
specified (J7.10). (The HEC-5 optimization routine adds 500,000 acre-ft of
storage to all input storage values to avoid working with negative values).
Table A-2 shows the optimization routing cycle 1, trial 1.

Error = target minimum storage minus minimum storage from simulation
assumed maximum top-of-construction storage minus target minimum storage

(502,000) - (426,228)
Error = 537 500) - (502,000)

= 1.09 for trial

The allowable error is specified on J7.10 (+.05 in this example.)

The output, Table A-3, provides a 1isting of minimum runoff volumes plus
starting and ending periods of drought durations from 1 to 38 months based on
the given inflow data on IN cards since J7.8 = 2. The estimated critical
drawdown period of 13 months from period 34 (July 1930) to period 46 {July
1931) 1s based on 70 times 0.173. The value 0.173 is the ratio of
conservation storage to mean annual flow computed by the program (J7.8 = 2).
The program extends that period to start at the beginning of a water year
(Oct. 1929, period 25) and adds five periods to the end (Dec. 1931, period 51)
to increase the chance for including the true critical period. The initial
number of periods of inflow used for the critical pertod simulation is now
v reduced from 120 monthly values to the estimated 27 months from perlods 25
- (Oct. 1929) to 51 (Dec. 1931). On a scale beginning with 1 the program
identifies period 25 as 1 and period 51 as 27. This identification applies
throughout each cycle.

MEAE A
AR

® The initial estimates of top-of-conservation storage was specified on the
9 fnput (RL .5 = 71,500 acre-feet), the initial volume of conservation storage

o is 69,500 acre-feet (71,500 minus 2000). 1In order to insure that the reservoir
does not compute negative reservoir storages, 500,000 acre-feet s added
internally by the program to each reservoir storage. The output 1isting
(Table A-5) of storage volumes has this 500,000 acre-feet added to it.




o The summary of all trials (Table A-4) contains the location of the

e reservoir, trial number, ratio of storage error, storage error, starting date
v, of critical period, average reservoir inflow and release, average spill,

r top-of-conservation storage (excluding the 500,000 acre-feet added during

- optimization), ratio of conservation storage to mean annual flow, the period

which had the minimum end-of -period storage (year, month), the length of
critical period used to determine the adjusting multiplier (period 9 to 26),
average release during the critical period, the average desired and required
flow, and the average diversion.

;ﬁ For the first routing a period of maximum drawdown within the critical

< period 1 to 27 ¥s identified by the program (Table A-2). This maximum

o drawdown period extends from period 9 to period 26 with period 1 representing
I Oct. 1929.

y.- An initial estimate of 71,500 acre-feet is used for simulating this maximum

drawdown period (first end-of-period storage below top-of-conservation storage
(period 9) to minimum end-of-period storage (period 26)). A storage multiplier
1.206494 (Table A-2) is determined by the program for perfiods 9 to 26 then

. applied to estimate the storage for the second trial.

T e
s

The initial value of 71,500 acre-feet when routed through the 27 monthly
periods (1-27) gave an error ratio of 1.0902 (Table A-4). The second estimate
of conservation storage of 86,264 acre-feet (71,500 x 1.206494) produced an
error ratio of 0.7225.

RO 1

The same procedure was repeated for each trial until the error was within
the 1imits specifled (.05). In this example the error reached is 0.0151 on
the seventh trial (TRIAL = 7).

The estimated conservation storage for trial seven, 143,929 acre-feet, is
next routed through the entire low-flow period (120 months) to see 1f the
conservation storage s adequate.

e A 1isting (Table A-5) of the final simulation (120 months) shows the final
- top of conservation storage value is 643,928 (143,928 + 500,000) acre-feet.

) Based upon end-of-period storage for the 120 month simulation maximum drawdown
period extends from period 33 to 50, the allowable error was .05 (5X) and the
' final error was 0.0151 (1.5%).

The user designed output (Table A-5) is printed for each simulation, but
¥s only shown for simulation eight here. The minimum end-of-period storage
(EOP STOR) was 499,862 acre-feet which was too low for the target minimum
storage 502,000 (2,000 + 500,000) acre-feet (error = 1.5%).
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AD-A158 688 WATER SUPPLY SIMULATION USING HEC-5(U> HYDROLOGIC
ENGINEERING CENTER DAVIS CA AUG 85 HEC-TRATNING-20

UNCLASSIFIED F/G 13/2
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L0
RESERVOIR OPERATION BY PERIOD
UM TIME= 1
*ROPER 1
RES NO= 1 2 3
TITLE=  RES!  RES2  RES3
DIV @ 0. 0 0
( INFLOW 268, 305, 100,
- OUTFLON 178, 193, 54,
5 EOP STOR 3330000. 3760000, 1540000,
= CASE= 0.03  0.03 0,03
-, LEVEL 5.000 5.000 5,000
PCT FC 0.00 0.00 0,00
EQ LEVEL  5.000 5.000 5.000
;‘. CUW TINE= 2
- #ROPER 2
.1"’
’ RES NO= 1 2 3
TITLE=  RESI  RES2 REs3
DIV @ 0. 0
mrmu 230, M5, .
- DUTFLO 230. M5, 78,
EOP sron 3330000, 3760000, 1540000,
- CASE= 0.03 0,03 0,03
e LEVEL 50000 5-000 51000
PLT FC 0.00 0,00 0,00
- EQ LEVEL  5.000 5.000 5.000
"
‘:;: oM TINE= 3
- #ROPER 3
RES NO= 1 2 3
TITLE=  RESI  RES2  RES3
“:‘ DW n 0. o. o-
nmu 211, 317. 6.
OUTFLO 21,
EOP srm 3330000, 37soooo.1sqoooo.
CASE= 0.03 0,03 0,03
LEVEL 5.000 5,000 5,000
PCT FC 0.00 0,00 0,00
€0 LEVEL  5.000 5.000 5,000
I CUW TIME= 4
.‘_.q ¥
® ROPER 4
- RES NO= ! 2 3
TITLE=  RESI  RES2  RES3
DIV Q 0. 9 b
L mou 2 Z X.
OUTFLO 20.
v EOP sm sssoooo.scsocoo moooo
v CASE= 0.03  4.00 0,03

< LEVEL 5,000 4,705 5 000
- PCT FC 0.00 0.00 0.00
€D LEVEL  S5.000 4,705 3.000

20 -}-r\*-ﬂ.

nN - \..

~ SUMMARY OUTPUT
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CuM TINE= 3
SROPER 3

RES NO= i 2 3
TITLE= RESt  RES2  RESI
DIv @ . 18. 1.
INFLOW 21, 13, 12,
OQUTFLON 2. 121, 12.
EDP STOR 3330000, 3322384. 1540000
CASE= 0,03 400 0.03
LEVEL 5.000 4.005 5.000
PCT FC 0.00 0.00 0,00
EQ LEVEL  5.000 4.005 5.000

CUM TIne= [}
#ROPER b
RES NO= 1 2 3
TITLE= RES]  RES2  RESS
v e 0. 28. 9.
INFLW 70 -‘9l 3.
GUTFLON 1. 9%, 38,
EOP STOR 3330000.3021130,1393961,
CASE= 03 400 4.00

LEVEL 5.000 3.521 3.32
PLT FC 0.00 0,00 0,00
EOLEVEL 5.000 3.8 3.32

CUN TINE= 7

#ROPER 7

RES NO= l 2 3
TITLE= RES1  RES2  RES3

n!v a 0. 2‘. 7- !'«"
INFLOW S T M X e

OUTFLON %0, 14 25,
EN STOR 3104595.29!1368 1340320. o
CASE= 0.05 400 4.0 >

LEVEL 3.833 3.071 3.071
PCT FC 0.00 0,00 0,00
ED LEVEL  3.833 3.646 3.071

Cun TIME= .}
SROPER 8

RES NO= ! 2 3
TITLE= RES]  RESZ  RESY
v e 0. 1. 2

INFLOW 4. 93. 0.
QUTFLOW 98.

EOP STOR 2831816, 2992730.1332292.
CASE= 03 0.00

0.
LEVEL .60 3. 256 3.034
PCT FC 0.00 000 0.00
EQ LEVEL  3.646 3.330 3.0
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RUN24 (CONTINUED)

d
5
e
-
e
5
)
b,
2
K.

CUN TINE= ) CUN TIME= 12
SROPER 9 #ROPER 12
RES NO= 1 2 3 RES NO= I 2 3
TITLE: RES1  RESZ  RES3 TITLE= RESY  RES2  RES3
pIv @ 0. 0. 0. v 0. 0. 0.
IIFLOU 4. 36. it INFLOW 13, 8. 24,
OQUTFL i, 52. 1. OUTFLON 0. 14, 11.
€op STOR 2722535. 3002779, 1332292, EOP STOR 2580018,3074793. 1384508,
CASE= 0,05 4,00 0.00 CASE= 0.00 0.00 0.00

LEVEL 3.550 3,279 3.034
PCT FC 0.00 0.00 0,00
EQ LEVEL  3.550 3.483 3.034

LEVEL 3.4 343 3,285
PCT FC 0.00 0.00 0.00
EQ LEVEL  3J.444  J.444 1.286

COM TINE= 10 CUM TINE= 13 »
HROPER 10 SROPER 13 o
RES M= 1 2 3 RES ND= { 2 3 K
TITLEs  RESI  RES?  RESS TITLE=  RES!  RES?  RES3 s
NV ﬂ 0. o- 0- DW ﬂ 0. 0. 0. ”.
INFLON b8 INFLOW oo ~
OUTFLON 53. QUTFLON 1)
TR 2652611 2974888 1332241 EOP STOR 2579439 3147639 a1y, U
CASE 0.05 4.00 0,00 CASE= 0.0 4,00 0,00 e
LEVEL 3.483  3.26 3,034 LEVEL 344 3.408 3573 o
PCT FC 0.00 0.00 0,00 PLT FC 0,00 0.00 0.00
£G LEVEL  3.483 3.418 3.034 EQLEVEL  3.444 3.484 3.573 N
CM TINE: 11 CMTIE: 14 =
SROPER 11 SROPER 14 I
RES N0 i 2 3 RES M= 1 2 3 2
TMEc Rt Rest Rest TITLE=  RESI  RES?  RES3
}- NV ﬂ 0- 0- DW 9 °| o! o.
- INFLON M INFLON s 3. 3.
- OUTFLON 5. 15, il QUTFLON 0. 2. 2.
2 EOP STOR 2543730, 3090518, 1355059, EOP STOR 2732347.3174735. 1469018,
v CASE = 0.05 4,00 0,00 CASE= 0.00 4,00 4.0
: LEVEL .48 3.478  3.140 LEVEL 3.557  3.470 3.670
PCT FC 0.00 0,00 0.0 PLT FC 0.00 0,00 0,00
- EOLEVEL 3.418 3.433 3,140 £ LEVEL  3.557 3.585 3.670
n::
-
"
v,
x
."
r
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