MODULE - 1: Capacity Computation

Main aim of this module is to estimate reservoir capacity using different
approaches. This has two submodules Sequent Peak Analysis and Storage Yield
Analysis based on approaches used for Capacity Computations. The Storage Yield
Analysis submodule is further divided into two submodules 1. Storage-Yield-Reliability
Working Table and 2. Storage-Yield- Reliability Relationship for different analysis.

These modules are described briefly and stepwise procedure to use the ReSyP
model for these functionalities are discussed further.
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1.1 Capacity Computation Using Sequent Peak Analysis

After estimating the available water resources and total water requirements for
different purposes at a prospective project site. When the total available water
resource is more than the water requirements for all purposes and a prospective site
for storage reservoir is finalized, the next important decision to be taken is about the
capacity of the reservoir to be constructed. This module concentrates on the Sequent-
peak method of computing capacity for a reservoir.

A number of techniques are available for computing storage capacity for various
conservation purposes (irrigation, municipal and industrial water supply, hydropower
generation, environmental flow etc.). This module uses the Sequent-peak method
(which provides the analytical solution of the mass curve method) for computing the
capacity for a reservoir. This method avoids the need to choose the correct starting
storage and is particularly suited for the analysis of large data.

Major input requirements for the module include inflow and demand sequence
and it can be run at 10-daily and monthly time steps. As an output, the module
generates a sequence of desired reservoir storage to meet the specified inflow and
demand sequence.

1.1.1 Input Data Description

The input data form for this module is shown in Figure — 2. The form for input/
output filenames and analyze in sequent-peak analysis is shown in Figure — 3. The file
extension for input file is .spi, for output file is .spo, and for graphical file is .spg. Three
input values and two time series are required to be specified as described below:
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Title of the analysis

Specify the title of the data file containing general details of the analysis for
remembrance at a later date (not more than 100 characters).

Time step size (1-TD/2-M)
Specify the time step of analysis (1 for 10-daily (TD) and 2 for monthly data).
Number of values in inflow/demand data series

Specify the number of values in inflow and demand data series. Using this
number, the tabular form for entry of inflow and demand time series automatically
generates the specified number of empty cell rows corresponding to number of values
in the inflow/demand sequence. Maximum number of time steps (10-daily/monthly)
have been limited to 3600.

It is to mention that the inflow and demand time series must be specified for
complete water years. Thus for 10-daily data, number of time steps must be divisible
by 36; and for monthly data, number of time steps must be divisible by 12. Otherwise,
the program aborts and prompts for entry of number of 10-days divisible by 36 (for 10-
daily time step) or number of months divisible by 12 (for monthly time step) for entry of
inflow and demand time series for complete water years.

Inflow time series

Enter the inflow sequence in the inflow column corresponding to different time
steps of the specified period. All cells in the inflow column need to be entered.

Demand time series

Enter the demand sequence in the demand column corresponding to different
time steps of the specified period. If the same demand sequence is to be followed in
different years, then the values in corresponding time steps in different years need to
be repeated. All cells in the demand column need to be entered.

1.1.2 Assumptions
Some assumptions while specifying the data are as follows:

a) Metric system of units has been adopted and the desirable units of data sequence
are specified in the column header. Inflow and demand sequences are to be
specified in the units of million cubic meter (MCM).

b) First value of inflow/demand sequence correspond to beginning of a water year.

c) The total volume of inflow must be equal to or more than the total volume of
demands in the period of analysis. Otherwise, the program aborts and prompts for
the revision of inflow/demand time series till this condition is satisfied.

1.1.3 Steps of Analysis
Following steps may be adopted for using the sequent-peak analysis module:
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a) Select Sequent-peak Analysis sub-module of the Capacity Computation

module. The module will open along with the form for entry of its database.
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b) Either retrieve an already existing data file by clicking on the Retrieve Data button

c)

or generate a new file by clearing the default data (by clicking on the Clear button)
in the opening data form and fill all the data cells.

Title of the analysis Capacity Computation Using Sequent Peak Analysis
Time-step size Monthly -
Mumber of values inflow/demand data series 36
upen
Inflow Time Series | Re MNIH_ReSyP..
rapaize By
Demand Time Series
This pC
& 3D Obyjects spi
2 Desktap ta.spi
Documents
FAaln e

File name: { 1.5pi i SPIFiles (*3pi)

‘I 12 775 -
13 AON =
ReoveDaa B

After entry of all data cells in the opening form, click on the Inflow Time Series or
Demand Time Series button. Depending on the number of time steps selected in
the main form, tabular forms with empty cells are generated for input of inflow or
demand sequence. Fill all the values in the inflow and demand columns
corresponding to different time steps.

It is also possible to Copy-Paste the inflow and/or demand sequence from MS-
Excel. In that case, copy the inflow and/or demand time series together from MS-
Excel and bring the cursor to the first row in the Inflow or Demand column and
press F1 (function key). Data will get pasted in different cells in the table. Check
that inflow/demand data is present in all cells of the table.
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d) After entry of all data cells in the inflow and demand columns, click on the Save

f)

Data button in the main form. A separate window for saving the data file will
appear. First select the desired directory and then specify the desired filename for
the data file. The file will be saved as .spi file. There is no need to specify the
extension in the filename. It will be automatically attached with the filename.

Click on the Perform Analysis button which will open-up a form for the
specification of input and output files before the execution of the sequent-peak
program. First click on the Input File Name cell and then click on the Browse
button. This will open a window for selecting the input file. Go to the desired
directory and select the requisite data file. Click on the Open button to select the
file. The file along with the path will appear in the Input File Name cell. Next, click
on the Output File Name cell and repeat above steps. The filename along with
the path will appear in the Output File Name ceil.

. Title of the analysis

Time-step size Ihdonthly

-

Number of values inflow/demand data series 3A

 Press F1 for Paste

Inflow Time Series Time Step ’ Inflow (MCM, -
- G | AR R Vs Y :
?i\n.;.l-;?e p 1

Demand Time ! I ) .
— Input File Name [*.spi]

. [CiUsersHP DESKTOP Deskic -
Output File Name *.spo) _Blm__'

| CUsersHP DESKTOPDeskt: « cl

! gse

B 10 1240
11 800
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After specifying the input and output filenames along with their location, the Run
button gets activated. Click on the Run button to execute the program with the
specified input and output filenames. After the program is run (in a window in DOS
environment which closes automatically after the program execution is complete),
click on the Close button to exit from the Analyze form.
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g) Click on the View Tabular Results button. To view data/results in tabular form,
click on the Tabular button which will invoke the Notepad. Click on the File ard
then Open and a window for file selection will appear. Go to the desired directory
and select the requisite Input/Output filenames to see Input/Output files. It needs
to be mentioned here that in this window, only files with extension .spi or .spo will
be displayed. Select the desired filename and click on the Open button. The file
will be displayed in the Notepad.

a; Tabular Data X
| File Edlit
| Capacity Computation Using Sequent Peak Analysis =

...... B TnpUT Data
Time step size (1 - 10-daily, 2 - monthly) = 2
Number of values in inflow/demand data series = 36

Tim_Stp Stor(T) Inflow(T) Demand(T) Stor(T+1) Cum_{(Inf-Dem)
MCM MCM MCH| MCM M
1 000000 600. 000000 2700, 000000 2100. 000000 2100, 000000
2 2100.000000 1860. 000000 2790. 000000 3030. 000000 -3030. 000000
3 3030. 000000 6200. 000600 2700. 000000 000000 . 000000
4 . 000000 a000. 000000 2794, 000000 . 000000 1, 000000
. 000000 6 . 000000 2700, 000000 . 000000
. 000000 0. 000000 2790. 000000 000000
000000 0. 000000 2790. 000000 . 000000
. 000000 $0. 000000 2520.000000 40.000000 0. 000000

0. 000060
L 000000
1, 000000
L000000
000000
. 000000
5.000000

0. 000000
50, 000000
. 000000
00.000000
. Q00000
5. 000000
. 000000

0. 000000 2790. 000000 1150. 000000
0. 000000 2700. 000000 2610.000000
. 000000 2790, 000000 4500, 000000
. 000000 2700. 000060 ©425. 000000
. 000000 2700, 000000 8525.000000
0. 000000 2790.000000 9455, 000000
200. 000000 2700. 000060 5855. 000000
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h) To view the results in graphical form, click on the View Graphs button. A window
with two graphical options will invoke for Sequent-Peak analysis:
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e Inflow and demand, and
« Variation in reservoir storage.

Select the desired option and then click on the View Graph button. The
corresponding graph will be displayed which can be copy-pasted in a document.

I) Itis also possible to prepare the graphs in MS-Excel with specific requirements. For
this purpose, ready-made graphs have been prepared in MS-Excel which can be
modified. Open the graphical file (*.spg) in MS-Excel as “Delimited” file with
“Space” delimiters and with column data format as “General”. The file will open in
a separate MS-Excel sheet. Select and copy the whole worksheet and paste it in
“Input” worksheet of “SP_Graph.xlIsx” file of MS-Excel which is already built in.

The graphs can be saved as picture file and then copy-pasted anywhere in a
document. The two graphs for the sample analysis are shown in Figures below.

Graph showing inflow/demand sequence at the reservoir

j) Close the Sequent-peak Analysis sub-module by clicking on the Close button.
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1.2 Storage-Yield-Analysis

Storage-yield analysis is used to determine the volume of reservoir storage required
to augment river flow in order to provide a specified water demand with a stated
reliability. It is also used to reassess the water demand which can be satisfied by
existing reservoirs. When a sufficient long record of monthly or annual flows is
available, then analysis of that series using suitable methods can provide the required
storage capacity estimates once the levels of demand and reliability are specified.

1.2.1 Storage-Yield-Reliability Working Table

This module generates the working table of a proposed reservoir with specified
storage capacity (or annual yield) based on the available inflow sequence and the
demand pattern in different months and computes the reliability of the reservoir in
meeting the demands. Some additional features have been added in the module for
more detailed analysis of a proposed reservoir as given below:

a) A factor is introduced to specify the allowable monthly deficit (in percent). This is
used in the computation of monthly time reliability of a reservoir. Say, if 10% is the
allowable monthly deficit, then that month is considered as a failure month in which
the supply is less than 90% of the demand. Otherwise, it is considered as a
success.

b) A factor is introduced to specify the allowable failure months in a water year (0 —
12). This is used in the computation of annual time reliability of the reservoir. Say,
if 1 month is specified as the allowable failure month, then that year is considerad
as a failure year in which the failure months exceed 1 in a year. The number of
successful years are computed and annual time reliability of the reservoir is
worked out accordingly.

c) Similarly, annual volume reliability of the reservoir is also computed and a factor
is introduced to specify the allowable annual volume deficit (in percent). Say, if
10% is the allowable annual volume deficit, then that year is considered as a failure
year in which the annual supply in a water year is less than 90% of the annual
demand. Otherwise, it is considered as a success.

The input requirement of the module includes the general details of reservoir such as
Full Reservoir Level (FRL), Dead Storage Level (DSL), EAC table, normal monthly
evaporation depths, monthly demand distribution pattern, and inflow sequence to the
reservoir at monthly time step.

1.2.1.1. Assumptions
Some of the assumptions while specifying the data are as follows:

a) Starting value of inflow and demand sequence correspond to the beginning of a
water year.
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b) Metric system of units has been adopted and the desirable units of data sequence
are specified in the column header. Inflow and demand sequences are to be
specified in million cubic meter (MCM).

c) The inflow series need to be specified for complete water years. Since monthly
time step is used in the analysis, number of time steps must be divisible by 12.
Otherwise, the program aborts and prompts for entry of number of months
divisible by 12 for entry of inflow time series for complete water years.

1.2.1.2. Data Checks
Some of the checks performed by the module include:

a) Initial storage capacity should be higher than the storage capacity at Dead Storage
Level. Otherwise, the module invokes the message and aborts.

b) Elevation-Area-Capacity (EAC) table of reservoir is checked. If the area (or
capacity) at any reservoir level decreases with rising elevation, the program aborts
and flags the line number in the EAC table for correction.

c¢) The capacity at each level of EAC table above the lowest level is checked by using
the prismoidal formula. If the difference in the computed and specified capacity is
greater than 10%, a message is flagged at the screen and in the result file after
the presentation of Elevation-Area-Capacity Table in the Input Data section. The
program does not abort in this case.

1.2.1.3. Input Data Description

The file extension for input files is .sti and file extension for output files is .sto
and for graphical file is .stg. Various items that are input to the program are described
below:

Title of the analysis

Specify the title of the data file containing general details of the analysis for
remembrance at a later date (not more than 100 characters).

Starting year of inflow series

Specify the starting year (numeric) of the inflow sequence. The same will be
specified in the working table in output file.

Starting month of water year

Specify the starting month (numeric) of the water year. The first value of inflow
sequence corresponds to the starting month of a water year.
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Number of values in inflow series

Specify the number of months for which inflow sequence is available. Using this
number, the form for inflow entry will automatically generate the specified number of
empty cell rows corresponding to different months and years of inflow sequence.

Average annual flow at project site (MCM)

Specify the average annual inflow at the project site. This is helpful in specifying
a reasonable value of desired annual yield or storage capacity of the proposed project.

Number of data points in EAC table

Specify the number of elevations for which corresponding water spread areas
and cumulative storage capacity are available in the EAC table. Based on the entered
value, the form for entry of EAC table will automatically generate the specified number
of empty cells for input of elevation, area, and capacity.

Dead storage level (m)

Specify the dead storage level of the reservoir (in m). As and when the reservoir
level reduces below this value, no demand is met from the reservoir. However,
evaporation losses are computed as long as there is water in the reservoir.

Initial storage capacity (MCM)

Specify the initial storage capacity of the reservoir (in MCM) at the start of the
simulation analysis. This can be taken as storage capacity at Full Reservoir Level
(FRL) or Dead Storage Level (DSL) or somewhere in-between capacities at FRL and
DSL. As mentioned earlier, it should never be taken below capacity at DSL.

Yield known, storage to be calculated

There are two options in storage-yield analysis. Either the annual yield from the
reservoir is known and required storage is to be calculated or vice versa. The option
Is to be specified as Y or N. If 'Y’ is selected, then one needs to specify the annual
yield from the reservoir. If ‘N’ is selected, then specify the available storage of the
reservoir and annual yield will be computed.

Desired annual yield (MCM)

If yield is known and storage is to be calculated, then this cell will become active
and data cell corresponding to specify storage will get deactivated. One needs to
specify the desired annual yield from the reservoir in the data cell.

Available reservoir storage (MCM)

If reservoir storage is known and annual yield is to be calculated, then this cell
will become active and cell corresponding to specify annual yield will get deactivated.
One needs to specify the available storage capacity of the reservoir in the data cell.

14
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Required monthly reliability (%)

Specify the desired monthly time reliability of the reservoir (in percent).
Computations for reservoir storage/ annual yield will be revised till the desired reliability
in meeting the demands is achieved within the limitations of available water in the
reservoir and demand pattern in different months.

Allowable monthly volume deficits (%)

Specify the factor which is used in the computation of monthly time reliability of
the reservoir. Say, if 10% is the allowable monthly volume deficit, then that month is
considered as a failure month in which the supply is less than 90% of the demand.
Otherwise, it is considered as a success.

Allowable annual volume deficits (%)

Specify the factor which is used to compute the annual volume reliability of the
reservoir. Say, if 10% is the allowable annual volume deficit, then that year is
considered as a failure year in which the annual supply in a water year is less than
90% of the annual demand. Otherwise, it is considered as a success.

Allowable number of failure months per year (0 - 12)

Specify the allowable number of failure months in a water year (0 — 12). This is
used in the computation of annual time reliability of the reservoir. Say, if 1 month is
specified as the allowable failure month, then that year is considered as a failure year
in which the failure months exceed 1 in a year. The number of successful years are
computed and annual time reliability of the reservoir is worked out accordingly.

E-A-C table
Clicking on the E-A-C Table button opens a table for entry of elevation, area,

and capacity of the reservoir. The number of cells depends on the data specified in the
cell corresponding to number of data points in EAC table.

Evaporation depths (mm)

Clicking on the Evaporation Depths button opens a table for entry of normal
evaporation depths in different months of a water year.

Monthly yield fractions

Clicking on the Monthly Yield Fractions button opens a table for entry of
monthly yield fractions in different months of a year. These fractions are multiplied by
the annual yield to compute the demands in different months. Same demand pattern
is used for all the years of analysis.

Inflow sequence

Clicking on the Inflow Time Series button opens a table for entry of inflow
values in different months of the analysis period. The number of cells in the table

depends on the data specified in the cell corresponding to number of months for inflow
series.
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1.2.1.4. Steps of Analysis

Following steps are used for Storage-Yield-Reliability Working Table module:

a) Select the Storage-Yield-Reliability Working Table sub-module of Storage-
Yield Analysis module under the Capacity Computation. The module will open

along with the form for entry of its database.

" Reservair System Package : NIH_ReSyP-2022

Sequent Peak Analysis

Storage -

Capacity Computation ~ EAC Table  Inflow Estimation  Reservoir Routing  Reservoir §

eld — Reliakility Relationship

b) Either retrieve an already existing data file by clicking on the Retrieve Data button
or generate a new file by clearing the default data (by clicking on the Clear buttcn)

in the opening data form and fill all the data cells.

Title of the analysi {Sample Oata for Storage Yield Reliability Working Table
Starting vear of inflow senas 1974 Starting manth of water yaar 12
Mumber of values in inflow senes Ayerage annual flow at project site (MCRA) ‘.2 e
Number of data points in EAC table 20 Dead storage level (m) Ehie
Initial storage capacity (MCRT; i Yield known. storace to be caloulated Al e
Dasirad annual yisld (MCR) | &l Open X
Required monthly reliability (0-1%) |
! | R \IH_ResyP
Allowable annual volume deficits (G
| o - . )
EAC Table | |67 This e
& 3D Objects i
Evaporation Depths | :
Monthly Yield Fractons | e St 3
4 File name i + STl Files (*.sti}
inflow Tirme Seties | : {_Open 1 Cance
! l 7 0.0 0.0 0.0
: : on 0.0 prodn
[« ] : vid i
Refrieve Data Save Data Clear Close i

c) After entry of all data cells in the general data section, click on the E-A-C Table
button. Depending on the options selected in the general data section, a form with
empty cells for input of elevation, area, and capacity values will appear. Fill all the

values in the table in specified units.

d) Next, click on the Evaporation Depths button. Fill values corresponding to 12

months in the table in specified units.

e) Next, click on the Monthly Yield Fractions button. Fill values corresponding to

12 months in the table as fractions.

f)  Next, click on the Inflow Time Series button. Depending on the options seiected
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9)

in the general data section, a form with empty cells for input of inflow values will
appear. Fill all the values in the table in specified units.

In all tabular data, it is also possible to Copy-Paste the data of all columns from
MS-Excel. In that case, copy the data of all columns together from MS-Excel and
bring the cursor to the first row in the table and press F1 (function key). Data will
get pasted in all columns in the table. Check that data are present in all cells of
the table.

After entry of all data cells in the general data section and the tabular data, click
on the Save Data button. A separate window for saving the data file will appear.
First select the desired directory and then specify the desired filename for the data
file. The file will be saved as .sti file. There is no need to specify the extension in
the filename. It will be automatically attached with the filename.

Click on the Perform Analysis button which will open-up a form for the
specification of input and output files before the execution of the related program.
First click on the Input File Name cell and then click on the Browse button. This
will open a window for selecting the input file. Go to the desired ‘

Title of the analysis

Starting year of inflow series 1935 Starting month of water year

. Number of values in inflow series ijgd T Average annual flow at project site (MCM)
= MNumber of data points in EAC table 12 Dead slorage level (m)
| Initial storage capacity (MCH) 0o

Yield known, storage to be calculated

Desired annual yield (MCK)

labie rasersoir storage (MG

Allowable monthly volume deficits (0-100%) TTEMA'

Required monthly reliability {0-1%) o
Allowable annual volume deficits (0-100%) 5 Allowahle failuare menths per year (0-12) Ikl
Analyze % [ i
-ALG Table o . ’ i =
E-AC Table Input File Name [*.sti) - Capaciy
| [cWUsersHP DESKTOP Deskic -] Browse 29,078~

Evaporation Depths

Output File Name * .sto] _le_] 163 a0
Monthly Yield Fractions | [C lisersHP DESKTOP'Desktc «| & =
: i ek lose 180 84«

Inflow Time Seties f

Relive Dat

directory and select the requisite data file. Click on the Open button to select the
file. The file along with the path will appear in the Input File Name cell. Next, click
on the Output File Name cell and repeat above steps. The filename along with
the path will appear in the Output File Name cell.

After specifying the input and output filenames along with their location, the Run
button gets activated. Click on the Run button to execute the related program
with the specified input and output filenames. The program runs (in a window
which closes automatically after the program execution is complete).
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k)

v Tabular Result Vit

Title of the analysis STORAGE - YIELD ANALYSIS
Starting year of inflow szries 1935 Starting month of water vear 6

Number of values in inflow series ey Average annual flow at project site (MCM)

Number of data points in EAC table 7 Dead storage leval (m)

Initial starage capacity (MCHM}

Yield known. storage to be calculated
Desired annual yield (MCR1) I i HAL

Required monthly reliability (0-1%) Allowable monthly volume deficits {0-100%) 10

Allowable annual volume deficits (0-100%) i5 Allowable failuare months per yvear (0-12) 0

| Successful

E-AC Table I Input File Name (*.sti} P _ 5
CilisersiHp DESKTOPDesktcs] o ™« 39578
Evaporation Depths I ' | 58.808
Ouput File Name tsto) L [ 5] Fiogo |
Monthly Yield Fractions ‘ CUsersiHP DESKTOP'Deskic - ‘"\;‘IG‘SE':"'I MU
‘ 1 apasoe |
Inflow Time Series l 6 185.93 : 73.358 497.22¢

7 18888 1" 100433 | i7eaiac o
i+l 100 O 1N £91 o790 41Cwi

Click on the View Tabular Results button. To view data/results in tabular form,
click on the Tabular button which will invoke the Notepad. Click on the File and
then Open and a window for file selection will appear. Go to the desired directory
and select the requisite Input/Output filenames to see Input/Output files. It needs
to be mentioned here that in this window, only files with extension .sti or .sto will
be displayed. Select the desired filename and click on the Open button. The file
will be displayed in the Notepad.

File  Edit
STORAGE - YIELD ANALYSIS A
e dd I ’TI)U t Data ERAA R R E R R A E AR LI REREARAERONGNATL RN
of inflow series 1935
(5]
324
912.500 MCM
2

177.250 m
200,000 MCH
860,000 MCM
80.000 %

ial storage capacity
Desired annual yield
Requir 3

L1 T I [ 1 T
]

All t 10.000 %
. Allowable annual vel. = 5.000 %
Allowahle failure mon = &

.091 .091 .091 091 .091 .090 .060 060 .057 .093 .091

140.20 189.00 240.80 304.80 216.40 152.40 152.40 152.40 152.40 152.40 152

To view the results in graphical form, click on the View Graphs button. A window
with two graphical options will invoke:

» Inflow and reservoir storage, and
» Demand and supply.
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Select the desired option and then click on the View Graph button. The
corresponding graph will be displayed which can be copy-pasted in a document.

It is also possible to prepare the graphs in MS-Excel with specific requirements.
For this purpose, ready-made graphs have been prepared in MS-Excel which can
be modified. Open the graphical file (*.stg) in MS-Excel as “Delimited” file with
“Space” delimiters and with column data format as “General”. The file will open
in a separate MS-Excel sheet. Select and copy the whole worksheet and paste it
in “Input” worksheet of “SYWT_Graph.xIsx” file of MS-Excel which is already
builtin. Two graphs are generated:

* Inflow and reservoir storage, and
e Demand and release.

The graphs can be copied and pasted anywhere in a document. The two graphs
for the sample analysis are shown in Figures below.

— Inflow_MCM
------- Stor_MCM

,,,,, 0 L
TR RN B VR L RV RY
e 1 A ' ,JL' L; f A ‘mr. ‘f*,‘"'%"'"“gf\“?‘*-“f‘! |

Time step

Graph showing inflow and reservoir storage with time

Demand_mMCM

------- Release_MCM

se [MOChMI

e

i Re

_-.....-..“-.::_:.__-::-_.__.__-
Lssssnnnianii
HE R Y

memneneREARLE

Graph showing inflow/demand sequence at the reservoir

m) Close the Storage-Yield-Reliability Working Table sub-module by clicking on the
Close button.
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1.2.2 Storage-Yield-Reliability Relationship

Storage-yield analysis is used to determine the volume of reservoir storage
required to augment river flow in order to provide a specified water demand with a
stated reliability. It is also used to reassess the water demand which can be satisfied
by existing reservoirs. When a sufficient long record of monthly or annual flows is
available, then analysis of that series using suitable methods can provide the required
storage capacity estimates once the levels of demand and reliability are specified.

This module has been added to compute the possible annual yield from a
proposed reservoir corresponding to different values of storage capacities with various
required reliability levels (monthly time reliability) and a table is generated. The table
can be used to plot the graphs for possible yield from the reservoir corresponding to
different reliability levels for different storage capacities. For the computations, upper
and lower bounds of storage capacity and number of incremental steps of storage
capacity need to be specified. Similarly, the upper and lower bounds of required
reliability and number of incremental steps for required reliability are also specified and
the computations are made at all specified storage capacities at required reliability
levels. All other inputs, assumptions, and data ciecks are made in the same way as
for the storage yield working table module.

1.2.2.1. Input Data Description

The file extension for input files is .sri and file extension for output files is .sro
and for graphical file is .srg. Various items that are input to the program are described
below:

Title of the analysis

Specify the title of the data file containing general details of the analysis for
remembrance at a later date (not more than 100 characters).

Starting year of inflow series
Specify the starting year (numeric) of the inflow sequence.
Starting month of water year

Specify the starting month (numeric) of the water year. The first value of inflow
seqguence corresponds to the starting month of a water year.

Number of values in inflow series

Specify the number of months for which the inflow sequence is available. Using
this number, the form for inflow entry will automatically generate the specified number
of empty cells corresponding to different months and years of inflow sequence.

Average annual flow at project site (MCM)
Specify the average annual inflow at the project site. This is helpful in specifying
the upper and lower bounds of storage capacity of the proposed project.
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Number of data points in EAC table

Specify the number of elevations for which corresponding water spread areas
and cumulative storage capacity are available in the EAC table. Based on this value,
the form automatically generates the specified empty rows for input of elevation, area,
and storage capacity.

Dead storage level (m)

Specify the dead storage level of the reservoir (in m). As and when the reservoir
level reduces below this value, no demand is met from the reservoir. However,
evaporation losses are computed as long as there is water in the reservoir.

Upper bound of storage capacity (MCM)

Specify the upper bound of storage capacity of the reservoir (in MCM). The yield
from the reservoir is computed considering different storage capacities at various
reliability levels up to the specified upper bound of storage capacity.

Lower bound of storage capacity (MCM)

Specify the lower bound of storage capacity of the reservoir (in MCM). The yield
from the reservoir is computed at different storage capacities (within the upper and
lower bounds) at various reliability levels.

Number of incremental steps for storage capacity

Specify the number of incremental steps for storage capacity. The difference of
storage capacity at the upper and lower bounds is divided by the number of
incremental steps and the reservoir yield is computed at the upper and lower storage
capacities and at all intermediate storage capacities at various reliability levels.

Upper bound of required monthly reliability (%)

Specify the upper bound of required monthly time reliability (in percent). The
yield from the reservoir is computed at different storage capacities and at various
reliability levels up to the specified upper bound of required monthly time reliability.

Lower bound of required monthly reliability (%)

Specify the lower bound of required monthly time reliability (in percent). The
yield from the reservoir is computed at different storage capacities (within the upper
and lower bounds) at various reliability levels within the upper and lower bounds.

Number of incremental steps for reliability

Specify the number of incremental steps for required reliability levels. The
difference of reliability levels at the upper and lower bounds is divided by the number
of incremental steps and the reservoir yield is computed within the upper and lower
storage capacities and at various intermediate reliability levels.

It needs to be mentioned that since a number of computations are made and
unidirectional search is carried out to achieve required reliability, it may not be feasible
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to achieve the exact specified reliability levels. However, efforts are made to reach
closer to the specified reliability levels.

Allowable monthly volume deficits (%)

Specify the factor which is used in the computation of monthly time reliability of
the reservoir. Say, if 10% is the allowable monthly volume deficit, then that month is
considered as a failure month in which the supply is less than 90% of the demand.
Otherwise, it is considered as a success.

Allowable annual volume deficits (%)

Specify the factor which is used to compute the annual volume reliability of the
reservoir. Say, if 10% is the allowable annual volume deficit, then that year is
considered as a failure year in which the annual supply in a water year is less than
90% of the annual demand. Otherwise, it is considered as a success.

Allowable failure months per year (0 - 12)

Specify the allowable number of failure months in a water year (0 — 12). This is
used in the computation of annual time reliability of the reservoir. Say, if 1 month is
specified as the allowable failure month, then that year is considered as a failure year
in which the failure months exceed 1 in a water year. The number of successful years
are computed and annual time reliability of the reservoir is worked out accordingly.

E-A-C table

Clicking on the E-A-C Table button opens a table for entry of elevation. area,
and storage capacity of the reservoir. The number of cells depends on the data
specified in the cell corresponding to number of data points in EAC table.

Evaporation depths (mm)

Clicking on the Evaporation Depths button opens a table for entry of normal
evaporation depths in different months of a water year.

Monthly yield fractions

Clicking on the Monthly Yield Fractions button opens a table for entry of
monthly yield fractions in different months of a year. These fractions are multiplied by
the annual yield to compute the demands in different months. Same demand pattern
is used for all the years of analysis.

Inflow sequence

Clicking on the Inflow Time Series button opens a table for entry of inflow
values in different months of the analysis period. The number of cells in the table
depends on the data specified in the cell corresponding to number of months of inflow
series.
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1.2.2.2. Steps of Analysis
Following steps are used for Storage-Yield-Reliability Relationships module:

a) Select the Storage-Yield-Reliability Relationships sub-module of Storage-Yield
Analysis module under the Capacity Computation. The module will open along
with the form for entry of its database.

ity le

| Reservoir System Package : NIH_ReSyP-2022
Capacit};'Computatian EAC Table  Inflow Estimation  Reservoir Routing  Reser
Sequent Peak Analysis :

| AIILT
Storage — Yield — Reliakility Working Table |

The module will open along with the form for entry of its database.

sonvoif Routing  Reseoir Sedimentation Hydrapower Analysis  Consereation Operation  Flood Operalien  Gate Rating:

Staring year of 7
Hismber of ity series 12
Hairkier of is in.EAC table 4
Uppetbound of storage capacity (MK 1
Humber of incre: al steps of storage n
Lower baund of requ reliabilit 4
i Aligw, &) 1
Allowable failu 1ths Pt year i
Bratn F1 farPaste 2 g
E-AC Table | [ .
S.No. | Elevation[m) | Area(sq. km) | Capacity (MCM)
Evaporation Depths L [TX] ag 0.0
' 2 0. 09 0.0 )
NMaonthly Yield Fracticns - S ‘,‘ T' q n L g
p] 0.0 oo 00
7B 80 00 00
Inflow Time Series I X} 00 00"
] 00 06 0.0
i ] 0.0 0.0
a 0 10 0.0 1
z . P -

A
Clear

Storage Yield Reliability Relationship

b) Either retrieve an already existing data file by clicking on the Retrieve Data button
or generate a new file by clearing the default data (by clicking on the Clear button)
in the opening data form and fill all the data cells.

23



c)

9)

arling month of water yaat
. l Average annual flow at project site (MCM)
+  Number of data paints in E‘l’“ table 12

Dead storage level (m) 07725
. Upper bound of storags capacity (MCH) 8010 Lower bound of storage capacity (MCH) 00
. Mumber of incremental steps of slarage 10 Upper bound of required reliabilty {0-1%) 50
Lower bound of required rehability (0-1%;) a0 Number of incramental stegs for reliability 5

Allowabls annual vol - deficits (0-100%)

Allowable monthly vol deficits (0-100%! i

Allowable failuare months per year (0-12)

E-A-C Table

Prass F1 forPaste

! §.No. | Elevation (m) | Area {sq. km) Capacity (MCM) =
Evaporation Depths | D 170.69 5043 28.076
2 173.74 11.929 58.898
e a3 176,78 18,525 103,203

Monthiy Yield Fractions | S i 5684 55755 T i
B e 182 88 5064 304 588

Inflow Time Series | R [k 18562 79358 407096

7 188 68 100133 763.135
T 3 189.59 105.621 829.415

B q 160 = 113 314 976 847 Bl

—

After entry of all data cells in the general data section, click on the E-A-C Table
button. Depending on the options selected in the general data section, a form with
empty cells for input of elevation, area, and capacity values will appear. Fill all the
values in the table in specified units.

Next, click on the Evaporation Depths button. Fill values corresponding to 12
months in the table in specified units.

Next, click on the Monthly Yield Fractions button. Fill values corresponding to
12 months in the table as fractions.

Next, click on the Inflow Time Series button. Depending on the options selected
in the general data section, a form with empty cells for input of inflow values will
appear. Fill all the values in the table in specified units.

In all tabular data, it is also possible to Copy-Paste the data of all columns from
MS-Excel. In that case, copy the data of all columns together from MS-Excel and
bring the cursor to the first row in the table and press F1 (function key). Data will
get pasted in all columns in the table. Check that data are present in all cells of
the table.

After entry of all data cells in the general data section and the tabular data, click
on the Save Data button. A separate window for saving the data file will appear.
First select the desired directory and then specify the desired filename for the
data file. The file will be saved as .sri file. There is no need to specify the
extension in the filename. It will be automatically attached with the filename.

Click on the Perform Analysis button which will open-up a form for the
specification of input and output files before the execution of the related program.
First click on the Input File Name cell and then click on the Browse button. This
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will open a window for selecting the input file. Go to the desired directory and
select the requisite data file. Click on the Open button to select the file. The file
along with the path will appear in the Input File Name cell. Next, click on the
Output File Name cell and repeat above steps. The filename along with the path
will appear in the Output File Name cell.

Title of the analysis STORAGE - YIELD ANALYSIS
Starting vear of inflow series 1935 Starting month of water year

. Number of values in inflow series Average annual flow at project site (MCK)

Number of data points in EAC table Dead storage lsvel (m}

Uoper bound of storage capacity (MCh) Lower bound of storage capacity (MCh}

s of storag

* Mumber of increment Opw

X

: Lower bound of requ btlity (0-1¢

Allowable monthly vol. < 5 (0-100% i © ReS.. © NIH ResyP..

Allowables falluare months per vear (0-1

E-A-C Table

abe
Iy S R
B . (8]e nents
Input File Name [*.s11l = A . »
v b File name: |1 . sri Filest* 50
QOutput File Name *.sro} | Ll
i - . o o o P g PR
= Close 18950 | i05.621
il 1905 T T 476 RaT B
1 [

Retfeve Daa

After specifying the input and output filenames along with their location, the Run
button gets activated. Click on the Run button to execute the related program
with the specified input and output filenames. The program runs (in a window
which closes automatically after the program execution is complete).

Title of the analysis

Starting year of inf 1935 Stanting month of water year i
. Mumber of values | 324 Average annual flow at project site (MCIM) 9%2 '5' s
. Numberof data pont 12 Dead storage level (m) TrTa
800 Lower bound of storage capacity (MCI; sa0
I.Z: .... Upper bound of required refiabilty (0-1%) 30 o
Lowear bound of required reliab Kumber of incremantal steps for raliability .

- Allowable monthly vo ” gy Allowable annual vol daficits (0-100%)

Allowable failuara r s peryeaar (0-12;

Press F 1 for Successful ) X |
eacTae | , L e
L 8.NO L palveis compteted ‘ea (sq. km) ‘ Capacity (MCM)
S e 7o S 5.043 _ 29078
B 11929 | 58808
Inpur File bencttisisonisd 18.525 103.203
. Browse | 777179383 32189 180.544
i T{g28s 5064 204 595
Run | = 4a593 73358 497 225
| 188098 100133 763135
_Close | L R 105 621 L gan s

190 5 113314 Q26 847 b

Retiew Dai
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j) Click on the View Tabular Results button. To view data/results in tabular form,
click on the Tabular button which will invoke the Notepad. Click on the File and
then Open and a window for file selection will appear. Go to the desired directory
and select the requisite Input/Output filenames to see Input/Output files. It needs
to be mentioned here that in this window, only files with extension .sri or .sro will
be displayed. Select the desired filename and click on the Open button. The file
will be displayed in the Notepad.

304.5

k) To view the results in graphical form, it is possible to prepare the graphs in MS-
Excel with specific requirements. For this purpose, ready-made graphs have been
prepared in MS-Excel which can be modified. Open the graphical file (*.srg) in MS-
Excel as “Delimited” file with “Space” delimiters and with column data format as
“General”. The file will open in a separate MS-Excel sheet. Select and copy the
whole worksheet and paste it in “Input” worksheet of “SYR_Graph.xlsx” file of
MS-Excel which is already built in. Three graphs are generated:

» Monthly reliability and yield for different storage capacities,
« Annual reliability and yield for different storage capacities,
« Volume reliability and yield for different storage capacities.

The graphs can be copied and pasted anywhere in a document. The three graphs
for the sample analysis are shown in Figures below.

l) Close the Storage-Yield-Reliability Relationship sub-module by clicking on the
Close button.
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Figure:

Figure: Annual reliability and yield for different storage capacities
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Figure: Volume reliability and yield for different storage capacities
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