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1 Introduction

1.1 Background

This proposal details technical requirements, time frame, and costs to perform modifications to the HEC-ResSim reservoir simulation software product.  The proposed modifications will add physical and operational features to meet the Savannah District’s requirements for hydropower system simulation.  This proposal accelerates the planned HEC-ResSim research and development schedule of system hydropower simulation to meet the schedule for the revision of the Savannah River Basin Drought Contingency Plan.  The HEC-ResSim features developed, as part of this proposal, will also support the simulation requirements of the Savannah River Basin Comprehensive Study.  The performance of work in this proposal will be executed and managed by the Hydrologic Engineering Center (HEC) to deliver a tested, functional computer program to the Savannah District.  HEC will also provide training at Savannah to district personnel and their cooperators in the use of the HEC-ResSim program, focusing on the new features developed as a result of this proposed work.  Support and maintenance of the HEC-ResSim computer program will be provided to correct problems encountered by Savannah personnel in the use of the new ResSim product.  One person-month of priority support and maintenance effort is included in this proposal to assure new features function with data sets applied by Savannah District personnel after software delivery.  After the priority support and maintenance is exhausted, the usual ResSim maintenance and support offered to all Corps of Engineers offices will remain in effect to provide technical support and correct future problems with the HEC-ResSim software.

1.2 Goals

The primary purpose of these proposed technical requirements is to develop the capability of operating a system of reservoirs for a scheduled hydropower requirement.  Other capabilities to be addressed include extensions to single reservoir hydropower operation, pump-back storage, a new routing method, a long-term yield calculation, and an operational system hydropower projection capability.  The new features must work equally well for a fifty-year simulation study or a two-week future forecast simulation.

2 Working R&D Routing Method.  

The Savannah River Comprehensive Study team has identified the Working R&D routing method as necessary to their study.  The Working R&D method uses a nonlinear storage-outflow relation, like the Modified Puls method, and permits use of wedge storage similar to a Muskingum routing method.  The requirements for this routing method as described by the USGS members of the study team are met by the implementation currently part of the HEC-5 model.  The HEC-5 algorithm from the Working R&D routing method will be added to the set of ResSim routing methods.  For consistency with other ResSim routing methods, an option to use multiple sub-reaches will be included in the method.

2.1 User interface
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A Working R&D routing method editor will be added to the routing panel.  To use the Working R&D method, the user must enter a storage outflow table,  Muskingum X value, and number of sub-reaches (defaults to 1).  A small plot will display the storage outflow curve.

2.2 Algorithm

The Working R&D algorithm from HEC-5 is as follows.
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where:

R(2) 
= working storage at end of a time interval

R(1) 
= working storage at beginning of a time interval

QH 
= average inflow during routing interval

D(2) 
= working discharge at end of a time interval, function of R(2) from the working-storage indication vs. outflow

D(1) 
= working discharge at beginning of a time interval
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where:

X
= Muskingum X

O(2) 
= outflow at end of a time interval

I(2) 
= inflow at end of a time interval

Calculation steps

1. Compute R(2)

2. Lookup D(2) by R(2) in user specified table

3. Compute O(2)

The storage values in the storage-outflow table are divided by the number of sub-reaches.  If the number of sub-reaches are not specified, then a value of 1 is assumed.  The algorithm is run once for each sub-reach.  Only the outflow from the last sub-reach is saved to DSS as the routed flow time-series.

3 Modification of the Reservoir Editor Operations Panel

Currently the reservoir operations panel in the reservoir editor is focused primarily on the creation and editing of reservoir storage zones and operating rules applied to storage zones.  The extensions to the reservoir operation capabilities for the Savannah River project necessitate a revision to the layout of the operations panel.  These new features include Scheduled Outages and Release Allocation Strategy.  The new layout will provide a tab panel to access editors for these features within the Operations Panel.  The existing capabilities for Reservoir Storage Credits, and Decision Schedule will moved from their current locations in sub-dialogs to the new tab panel.

3.1 User interface
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A new tab pane will be added to the Operations Panel below the Operation Set Description field.  The tab pane will always in include a panel to define the reservoir storage zones and associated rules.  Additional editor panels will appear as the user selects menu commands from the Operation menu. The Operation menu will include the following commands

· Use Specified Release Allocation

· Use Scheduled Outages

· Use Storage Credit

· Use Decision Interval

When the user selects one of these menu commands, the corresponding editor panel will be added to the Operation Set Tab Pane and a check mark will appear next to the menu command.  Alternately, the tab panels will remain visible, but will only be enabled when the corresponding menu command is checked.  A trial implementation will be made to demonstrate these alternatives before a final design is accepted.  In either case, once a user enters data into the panel, the data will not be lost if the user un-checks the menu command.

4 Induced Surcharge Operation with Period Average Inflow  

Induced Surcharge operation is based in part on the inflow to the reservoir.  Currently ResSim uses the inflow values at the end of the previous time period, while Savannah River operation uses a period average inflow.  To support the most general case, the time series options now in the Release Function rule will be added to the Induced Surcharge operation allowing uses to choose an inflow value of the current time step, previous time step, a time step lagged a specific number of hours, or the minimum, average, or maximum over a specified period.

Another important aspect of Induced Surcharge operation is the use of outlets to achieve the required flow.  Induced Surcharge operations are typically achieved through manipulation of large radial gates on controlled spillways.  If one of the gates is out of service, Induced Surcharge operation is not possible.  Also, on some reservoirs, only specific outlets are used for Induced Surcharge operation and other outlets are closed.  To accommodate these characteristics, an editor will be added to identify which outlets are required to be operational, and which outlets are permitted to be used for Induced Surcharge operation.

If Induced Surcharge is not operational, the reservoir will operate with other rules defined in the flood control zones.  Above the top most zone, the reservoir will release the greater of the current reservoir inflow or the maximum allowable release in the top most zone.  

The hot plot in the Induced Surcharge Rule panel currently only shows the envelop curve as entered by the user.  To better visualize the induced surcharge operation, additional release vs. elevation lines will be drawn for user specified inflow values.

4.1 User interface
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In addition to the currently implemented editor components, three buttons have been added to bring up child dialogs to edit data for the new options.  These buttons are

· Inflow Values for Surcharge Plot

· Inflow Time Series Options

· Outlet Usage Options

The option dialogs are shown below.

4.1.1 Inflow Values for Surcharge Plot
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The reservoir release computed by the Induced Surcharge rule is a function of both elevation and reservoir inflow.  The function if fully determined by the envelop curve entered in the rule editor, but it is useful to see the release as a function of elevation for specific inflow values.  In this dialog the user enter as many inflow values as desired.  One new curve on the elevation release plot will be shown for each inflow value.  This data is not required for the computations.

4.1.2 Inflow Time Series Options
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The inflow time series options are exactly the same as those available for the definition of the independent variable for Release Function and Downstream Control Rules.  The value of the inflow used to compute the induced surcharge release may be based on 

· Current time step

· Previous time step

· Lagged time step

· Period average

· Period maximum

· Period minimum

The Lag and Period fields are only required for the Lagged and Period functions.

The default option is to use the reservoir inflow from the end of the previous time step.

4.1.3 Outlet Usage Options
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The outlet options control which reservoir outlets are used for induced surcharge operation and which are required for induced surcharge operation.  A table shows the outlets that may potentially release flow to satisfy the rule.  The “Uses” column is editable and indicates whether an outlet participates in the release.  If an outlet is not used, then the induced surcharge operation will set the flow from that outlet to zero (or that outlets minimum flow required by a higher priority rule).  The “Req’d” column indicates when an outlet is critical to induced surcharge operation.  If an outlet is required and that outlet is unavailable (has an outage defined for the current time step) then the induced surcharge rule will not be included in the reservoir release decision making.

5 Release Allocation across Multiple Outlets

ResSim currently attempts to balance releases across multiple outlets equally unless releases are constrained by physical capacity or by higher priority operating rules.  For the Savannah River operation and for many other reservoir systems, simple balancing of the releases is not a realistic operation.  Typically, if there are power generation outlets, those outlets will be run to capacity before releasing water through any other outlets.

To provide a flexible method of allocating releases across multiple outlets, three methods will be implemented – sequential, balanced, and stepped.  In sequential operation, each outlet would be run to capacity in a prioritized sequence.  In balancing operation, releases would be allocated to all outlets in a weighted distribution.  In stepped operation, the allocation of releases is a function of the total release.

Each controller operating multiple outlets will be set to sequential, balanced, or stepped operation.  If sequential operation is selected, the outlets will be operated to capacity in the order they are listed in the Release Allocation editor.  If balanced operation is selected, then each outlet will be assigned a weight (defaulting to 1), and the parent controller will attempt to allocate flows to the outlets according to the weights.  For stepped operation, the allocation of flow across outlets will be determined by a table of flow or gate openings verses total release.

By default ResSim will continue to use the balanced release allocation.  An explicit release allocation strategy may be defined as part of an operation set.  One release allocation strategy is used to distribute flows from all rules in the Operation Set.

5.1 User interface
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On the left side of the editor a tree is displayed showing all of the release controller objects in the reservoir corresponding to the physical elements of the reservoir.  And controller with multiple children will display its allocation strategy – either Sequential, Balanced, or Stepped. Child controllers whose parent uses a balance strategy also display their balance weight in parenthesis.  

The right hand side provides an editor for the currently selected object in the tree.  Selecting a tree element representing an individual outlet will display the editor for its parent (in a future version of ResSim, when operation for gates is implemented, additional editors will be available for individual outlets with multiple gates).  The release allocation editor in the right side panel displays the name of the release location and a combo box to select the release allocation type (Sequential, Balanced, or Stepped).  When Sequential is selected, a list of controlled outlets are displayed.  Mover buttons allow the user to change the order of the controlled outlets.  When Balanced is selected, a table is displayed that allows the user to enter balance weights for each controlled outlet.  Balance weights default to 1.0.  When Stepped is selected, a table is displayed that allows the user to enter a sequence of values for each controlled outlet.  The values may represent percent of flow capacity, percent of gate opening, or gate opening in length units.

6 Capacity Outages

ResSim needs to accommodate outages when outlets or power units are taken offline for maintenance.  Outages may be planned as part of regular maintenance, or they may occur due to an unexpected equipment problem.

Capacity outages will be handled in ResSim in two ways, through a Scheduled Outage for planned maintenance activities, and through Capacity Overrides for emergency situations.  In both cases, to indicate a capacity outage for an individual outlet the user will assign a factor ranging from zero to one over a period of time.  Zero will indicate that the outlet is fully disabled, and one will indicate that outlet is available at full capacity.  A value between zero and one will linearly scale the outlet’s flow capacity.  Power generation and pumpback capacity will be controlled by the outlet capacity factor applied to the outlet with which they are associated.

The Scheduled Outage will be a new property added to the Reservoir Operation Set.  For each controlled and uncontrolled outlet in the reservoir the user will be able to enter one or more outage events, where each event has a starting and ending date/time, a capacity factor (0-1), and an optional repeat interval.

The Capacity Override feature will be added to the existing Overrides dialog.  Here the user will be able to set the capacity factor on a time-step by time-step basis for a specific simulation.

6.1 User Interface

6.1.1 Scheduled Capacity Outage
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The Scheduled Outage editor panel will be one of the Operation Set tabs.  The panel displays a table of scheduled capacity entries.  Each entry consists of an outlet, start and end date/time, capacity factor, and option repeat interval.  Entries are added, duplicated, deleted, and edited by means of buttons on the right edge of the panel.  The duplicate, delete, and edit buttons are only enabled if one of the table rows is selected.  The tabulate button displays a full tabulation for all outlets in the reservoir showing capacity factor over a user specified time window.

When adding or editing an entry the Outage dialog is displayed.
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The outlet is selected from a combo box listing all outlets, both controlled and uncontrolled, in the reservoir.  The starting and ending date are required, and may be selected from a pop-up calendar dialog.  Entering starting and ending time is optional.  If the time is not entered, the beginning of the day is assumed.  The capacity factor is a value from 0-1.  A description field is presented to add an optional note if desired.  A repeat interval may be defined using a sub-dialog.  The following screens present all of the possible repeat interval types.
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6.1.2 Capacity Overrides
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A Capacity Override panel will be added to the Overrides dialog.  This dialog is only accessible within the context of a simulation or forecast.  The panel will work the same as the release overrides.  When first opened, entries for all time steps in the simulation will be filled with the capacity factor of 1.0 by default or the factor specified by any active capacity schedule.  The user can override these values by typing in new capacity factors, which will be shown in blue.

6.2 Algorithm

At each time step the capacity factor will be set to 1.0 by default, then modified according to any active capacity schedule.  If more than one capacity schedule entry is active for the outlet, then the lowest capacity value will be assigned.  If a capacity override is active for the current time step, that value will be used.  When determining physical limits of outlets, the fully operational capacity determined by the physical outlet capacity table will be multiplied by the outlet capacity override factor.  If the factor is zero, then the outlet will be removed from consideration for that time step.

7 Period of Record Analysis.  

The input data to be used for the Drought Contingency study as well as that being collected for the Savannah River Comprehensive study spans more than 60 years.  The data will all be at a daily time step.  HEC-ResSim must be able to simulate the entire period as smoothly as a two-week real-time forecast. The program will be capable of running a minimum of 120 years of daily simulation data or 5 years of hourly simulation data.

A combination of long simulation periods, short time-steps, and/or very large Networks can lead to computer memory requirements that exceed the available physical memory.  The solution is to break the simulation period into shorter time-blocks such that the available computer memory is not exceeded.  ResSim was designed to accommodate simulation with multiple time-blocks, but that capability has not yet been fully implemented.  The implementation will be completed as part of this work.  Also, the model will be analyzed using a software profiling tool to ensure that the calculations are as efficient as possible.

7.1 Algorithm

The strategy for time blocking is as follows.

· At initialization of the simulation, the total memory requirement of all data and time-series array for the full simulation is compared to the total memory available to the Java process running the computation.

· If the total memory requirement is less than the available memory, the computations are performed in one time block.

· If the total memory requirement is more than the available memory, the simulation period is broken into a sufficient number of time blocks such that the number of time-series arrays multiplied by the number of time-steps a time block is small enough to fit in the available memory.

· The simulation loops over time-blocks, reading new boundary condition data at the start of each block, then writing output time-series data as the computations for each time block are completed.  The model state is preserved as the simulation proceeds from one time block to the next to preserve continuity of the calculations.

8 State Variables

One of the important aspects of the Savannah River operations strategy is the decision dependence on the system drought level.  The drought level is triggered when either Hartwell or Thurman enter drought pool levels.  In general, a drought level is activated when either reservoir enters the corresponding pool level, with lower elevations triggering higher drought levels.  Drought level is reduced when both reservoirs fill to the required level.  The exception is drought level three, which is persistent until both reservoirs are full to the top of conservation zone.  

The drought level is used to determine which operating rules are applied to the reservoirs.  Specifically, the drought level impacts the minimum downstream flow requirements.  Minimum flow requirements for the coming week’s operations schedule are determined prior to the start of the week, and they are based on the drought level present during the previous week.

To accommodate this operation strategy, a new capability will be added to ResSim to do conditional operations based on user defined state variables.  This section describes the creation and use of State Variables.  The following section describes the new IF-THEN-ELSE conditional logic to be added to the Zone-Rule tree.

State Variables will be added as a new component of the reservoir Network and are used in the same was as pre-defined model variables in Release Function and Downstream Control Rules, IF-THEN-ELSE conditional rule logic, and Scripted Operating Rules.  State Variables have the following properties.

· Scalar Time-Series
A State Variable has a unique scalar (floating point) value at each time-step in a simulation period.  The time-series will be available to any ResSim function that utilized model variable time-series and will be written to the DSS output file.

· Global
State Variables are global properties of the Network in that they are not associated with specific ResSim nodes or elements, and they are available for use in any operating rule in the Network.

· Hindcast Condition
As with other model variable time-series such as reservoir storage and elevation, a hindcast condition must be defined for each State Variable.  The hindcast condition is defined in each alternative and may either be a constant value or an input time-series.

· Calculated in User Defined Script
The value of a State Variable is calculated for each time step in a user defined Jython script.  The script may perform calculations referencing any model variable in the Network, including other State Variables, and the calculation may utilize values from any time in the simulation period (or the active time block for very long simulations).

· Computation Order
ResSim automatically orders computational elements based on the reservoir network connectivity and rule dependencies.  State Variables will be included in the ordering process such that they are computed prior to the evaluation of operating rules that depend on them.  In general, State Variables should only be dependent on data from the previous time step.

8.1 User Interface
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The state variable editor is accessed from the “State Variable” command in the main window “Edit” menu in the Network and Simulation Modules.  The editor supports editing of one state variable at a time.

The File menu has the following commands.

New
Creates a new state variable.  The user is prompted to enter a name and description prior to creating the state variable.  The name must be unique.

Save
Saves the edits to the currently selected state variable.

Rename
Brings up the name/description dialog to allow the currently selected state variable to be renamed.  The name must be unique.

Delete
Brings up a list of the existing state variables, allowing multiple variables to be selected for deletion.  The program will warn the user if a state variable selected for deletion is used in a reservoir operating rule.

Close
Closes the editor.  If currently selected state variable has been changed, then the user is prompted to save the data.

The Edit menu has the following commands,

Undo
Undo the last edit in the script text area.

Cut
Cut selected script text to the clipboard.

Copy
Copy selected script text to the clipboard.

Paste
Paste script text from the clipboard.

The Name combo box lists all state variables defined for the reservoir network.  The user may choose a state variable in the combo box or use the record navigator at the top right of the editor to step over the state variables.

The Parameter Name field becomes the DSS C Part when the state variable time series is written to disk.

The Parameter Type determines the units for the state variable and must be selected from one of the pre-defined parameter types.  Examples include Flow, Elevation, Power, Area, and Percent.

The upper text field is contains the Jython script.  The lower components in the script builder will help the user create the script with correct syntax and data declarations.  The upper text area can be edited directly, or script text can be inserted by selecting information in the lower components.

The script text shown is an approximation of an actual script.  New java development will be necessary to implement classes and methods to make this kind of scripting accessible to typical users.  The details of the script builder components will be finalized as the scripting classes are developed.

8.2 Algorithm

In the compute process, state variables will be ordered along with the other ResSim physical elements (Reaches, Reservoirs, Junctions, and Diversions) based on operating rule dependencies.  The objective is to compute the state variable just before it is required in a reservoir operating rule.

The state variable script will be called for each computation time step.  The script must ensure that that a valid value is entered into the state variable time series array for the current time step.  The script may optionally set values into the future (though the end of the computation time window).

State variables are globally accessible, so they may be use in more than one operating rule in more than one reservoir. 

9 IF, ELSE IF, and ELSE Conditional Statements

A new capability will be added to the Zone-Rule tree to use different rule sets based on evaluation of conditional statements.  IF, ELSE IF, and ELSE conditional statements are contained in a Conditional Block.  A Conditional Block is added to the Zone-Rule Tree like an operating Rule.  A Conditional Block always contains and IF conditional statement.  The user may optionally add one or more ELSE IF conditional statements and/or and ELSE statement to the Block.  Conditional Blocks may be added within another Conditional Block.  Operating rules are added to IF, ELSE IF, or ELSE conditional statements.  When the rule analysis algorithm reaches a Conditional Block, the conditional statements are evaluated to determine which set of operation Rules will be used for the current decision step.

Rules and other conditional blocks may be added to the IF, ELSE IF, or ELSE branches of the tree.  Note that the “Use Existing Rule” command will allow the same rule to be added to more than one conditional statement.  Entire conditional block can be reused by the “Use Existing Conditional Block” command.  The only restriction is that an operating rule can only appear once in a final rule set.  The “Use Existing Conditional Block” dialog will display all conditional blocks created for the reservoir, but any that cannot be used at the currently selected location in the Zone-Rule tree will be displayed with a gray background.  Selecting one of the gray rows will display a message indicating why that conditional cannot be inserted into the Zone-Rule tree.

9.1 User Interface

The “Add Conditional Block” command is accessible from the Rule menu on Reservoir Editor menubar and also from the right click popup menu on the Zone-Rule tree.  When the command is issued, the user must provide a unique name for the new conditional block.  The block is created with an IF conditional statement.  Additional ELSE IF and ELSE conditional statements are added to the block using the popup menu on the Zone-Rule tree.  Selecting the conditional block in the Zone-Rule tree displays the list of conditional statements belonging to the block as shown below.

[image: image21.png]RES Reservoir, Editor

Reservor Edt Operations Zone Rule

Resenor [agam <] Deserpton [

Physical Qperations | opserved Data |

Operaton st [Bass =] Dessrpton [

Zone-Rules | s Surstarae | Rel s | Outages | tor Grecit| Dzt Sehie

# Flood Control Controlled Release Location: Adam
@ Tandem

A Conservation Name: [Drought Level Description:
8 Tandem
() ST Tyne Descrition
S I (Lovel 1) F[Level 1
8 in Flow 1 ELSETF [Level2
& o ELSEF (Level ) ELSEF [Level3
8 in Flow 2 ELSE No Drought
o ELSEF (Level )
8 in Flow 3
== ELSE (No Drought
8 in Flow 0
A Inactive

o |G




When a conditional statement is selected, the right-hand panel displays the associated editor.  In addition to the name and optional description, the editor allows the user to enter one or more conditions that must evaluate to true in order for the rules associated with the conditional statement to be activated.
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The upper part of the panel displays a table of condition entries.  A condition entry is represented as one row in the table.  Selecting a row displays the condition entry editor in the lower half of the panel.  The information defining an entry may include a logical operator linking this entry with the previous entry, a comparison operator and the type and data for the two values being compared..  The logical operator is enabled for the second and subsequent entries in conditional blocks.  Value types and their corresponding data include the following.

Constant Value
user enters an integer or floating point value.

Constant Date/time
user enters day and month, or day month and year along with an optional time in the format of DDMMM, DDMMM TTTT, DDMMMYYYY, or DDMMMYYYY TTTT, can pick from a calendar dialog.

Current Date (of the simulation)
no additional data required.

Time series
user selects a model variable, external, or previously defined state variable time series along with a time series function as illustrated in the Independent Variable Definition dialog below.

Open Parenthesis
no additional data required, starts a logical block, only available for Value 1, disables comparison operator and Value 2.

Close Parenthesis
no additional data required, ends a logical block, only available for Value 1, disables comparison operator and Value 2.
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A “Copy Condition” command will be available in the popup menu for IF and ELSE IF conditional statements.  The command will copy the condition statement information, which can then be pasted into another existing IF or ELSE IF conditional.  Any current conditional statements will be over-written.

10 Reservoir System Operation for a Hydropower Requirement

One of the existing hydropower rules for definition of an at-site power generation requirement is called Scheduled Hydropower.  This rule allows the user to define the power requirement in terms of a monthly total requirement (in units of either MegaWatt-Hours or Plant Factor).  A schedule can then be defined to specify which hours of the day and which days of the week the reservoir should operate for power generation to meet that requirement.  

A new hydropower rule will be added to specify System Power requirements.  The rule editor will be similar to that of the local Scheduled Hydropower rule, but, like the downstream control rule, the System Power rule, once defined at one reservoir, will appear in the “existing rule” list of other reservoirs in the network.  Once two or more Reservoirs use the System Power rule in their operation set, an ‘implicit’ system of reservoirs will be identified by ResSim and it will attempt to evenly balance the storage between the implicit system when the System Power rule guiding the operation of the reservoirs.  If an even (1:1:1…) balance between the reservoirs is not the desired operation, the user must specify the reservoirs as belonging to an explicit system of reservoirs and assign a specific storage balance to be met. 

Power generated to meet a local hydropower requirement may count toward meeting the system requirement.  

Weekly or Daily Power Specification

In many cases, when a hydropower requirement exists for a system of reservoirs, the requirement is specified monthly as a weekly requirement (the total requirement to be each week) in units of megawatt-hours (MWH).  This is true for the Savannah system.  In addition to the system requirement, the individual reservoirs within the system have local daily, weekly and monthly hydropower requirements.  For the Savannah System, both the system and the individual requirements are specified monthly as a weekly requirement.  The week starts on Saturday.  If a week crosses a month boundary, then the week’s requirement is determined from the month, which includes Wednesday.  The individual reservoirs also have a daily power generation schedule during which they must operate to meet their own firm energy and the system power requirements.  Options will be added to the Scheduled Hydropower rule to allow the user to specify the “per month” power generation requirement as a daily, weekly, or monthly total.

Rule Prioritization

The drought rules (minimum at site release or downstream control flow rules) must override the system power schedules.  This means that occasionally the system will not be able to generate contract power because of other constraints such as drought rules.  Flood control rules override both system power and drought rules.  These priorities can be handled by the rule prioritization structure built into the current version of ResSim.  The program will meet this requirement without modification.

10.1 User Interface

A new rule type called “Hydropower – System Schedule” will be made available from the Reservoir Operations Editor.  The rule will be created in a manner similar to Downstream Control rules in that once a “Hydropower – System Schedule” is created for any reservoir, that rule will appear in all other reservoir’s “Existing Rule” list.  System power generation is accomplished by creating the “Hydropower – System Schedule” for one reservoir, then using that rule in one or more other reservoirs.  The rule editor is shown below.

10.1.1 Hydropower – System Schedule Editor
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Components of the editor include the following.

System Generation Requirements “Options” button
Displays a dialog where the user chooses options related to the specification of the power generation requirements.

Generation Schedule Table
A monthly or seasonal (depending on option selections) table of generation requirement values

Mini-plot
Small plot displaying the data entered in the generation schedule table.

“Reservoirs Operating for this rule” button
Displays a dialog that lists the reservoirs operating for this rule and allows the user to select additional reservoirs that contribute power toward meeting this rule, but do not directly operate for it.

“Daily Generation Pattern” options
Radio buttons that allow the user to select whether the daily power generation patter will be based on other power rules defined at the reservoirs operating for this system rule, or whether the daily generation pattern will be entered explicitly.  The Edit button displays the daily power generation pattern editor.

“Independent Power Requirement” check box
If this check box is selected, then power generated to meet this system rule must be in addition to any other power requirements.  Otherwise, generation for other local or system power rules will contribute toward satisfying this rule.

10.1.2 Power Generation Requirement Options

The Power Generation Requirement Options dialog is shown below.
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The generation requirement may be set to vary Monthly or Seasonally.  This selection determines the form of the table on the rule editor.  If Monthly is selected, a fixed monthly table will be presented.  If Seasonally is selected, a table is presented where the user enters the day and month (DDMMM) along with the generation requirement for as many dates as desired.

Options for specification of the power generation requirement determine how the data in the monthly or seasonal table are interpreted.  The generation requirement may be specified as Plant Factor or a period total power generation in MWH.  When Plant Factor is selected, the values in the table represent a fraction of the total system generation capacity.  When a total power generation is selected, the values in the table represent a specific number of MWH that must be generated over a particular period.  If monthly variation is selected, the choices for period total power are daily, weekly, and monthly.  If seasonal variation is selected, the choices for period total power are daily weekly, and seasonally.  When a weekly option is selected, the user must also choose the day of week that represents the starting day of the weekly period, and the day of week which determines the month to which a week belongs.

The next set of options control how the generation requirement is satisfied.  Options include each time-step, hourly, daily, weekly, or monthly/seasonally.  When each time-step is selected, the model will attempt to meet the generation requirement at each computation step independent of any other time-step.  If any other option is selected, the model will meet the generation requirement over the selected interval.  The model will track the generation of power over time, and as the model steps through time over an interval it will increase power generation to make up for any previous shortfall, or decrease the required generation if there was a previous excess in generation.  If a weekly period is selected, the user must identify the day of the week that marks the start of an accounting interval.

10.1.3 Reservoir List Dialog

The following screen illustrates the Reservoir List dialog.  
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The dialog is a version of a “mover” dialog that allows the user to select reservoirs from the set of all reservoirs in the network.  Only reservoirs with power plants will be included in the list.  When a reservoir is selected from the “Available” list on the left it moves to the “Selected” list on the right.  Power generated by the selected reservoirs contributes to meeting the system power requirement.  Not all of the reservoirs necessarily operate to meet the system requirement, however.  A reservoir only operates for the system power requirement when the System Power rule is included in the reservoirs active Operation Set.  If a reservoir uses the System Power rule in at least one of its Operation Sets, then the reservoirs name will appear in the “Selected” list with an asterisk next to the name.  Reservoirs with an asterisk cannot be deselected.

10.1.4 Power Generation Pattern Dialog

The basic form of the Power Generation Pattern Dialog is shown below.
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The dialog contains a table where the user enters the power generation pattern on a hourly basis.  The values are entered as weights.  There are two options provided for adjusting the generation pattern to meet a specific generation requirement.  

· Scale
The weights are linearly scaled to meet the generation requirement.  The maximum generation is limited by the total plant capacity.  If all hours with non-zero weights reach maximum capacity, addition generation is added to hour preceding and following the generation period.  The number of hours when power is generated is never less than the number of hours of non-zero weights.
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· Slide
All weights are increased or decreased by the same amount to meet the generation requirement.  This requires that the weights entered in the table refer to a specific total energy generation.  The largest weighting factor is assumed to represent maximum generation.  As with the Scale option, the maximum generation is limited by the plant capacity, and if all hours with non-zero weights reach maximum capacity, addition generation is added to hour preceding and following the generation period.  Unlike the Scale option, when the daily generation requirement is less than the reference generation entered in the table, the hours of generation may decrease.
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A seasonal variation may be applied such that the daily pattern varies through the year.  The Seasonal Variation Edit button brings up the Seasonal Editor shown below, where the user enters the dates at which the daily generation pattern will change.
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When seasonal variation has been defined, an additional combo box will be displayed that let the user select one of the dates defined in the Seasonal Variation Editor.  Also, the record navigator next to the combo box will step through the dates.  The table shows the generation pattern corresponding to the selected date.
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Three options are provided for entering the daily pattern.  The first is one pattern for all week as shown above.  The two other options include  week day and week end (two columns) and each day (seven columns) as shown below.
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10.1.5 Power Generation Pattern Override

In a particular simulation, a user may edit the power generation pattern using the dialogs described above.  Another potential method of affecting the power generation pattern would be to add an override capability similar to release overrides.  In that case, the default generation pattern would be determined by the rule and the desired generation value in MWH would be shown for each time step in the override dialog.  Then the user could override entries for individual time steps.

10.2 Algorithm

Initialization

· If daily generation pattern is to be based on the patterns defined for individual reservoirs local power rules, then develop the system pattern addition of individual reservoir generation patterns weights scaled by their relative total generation capacity.

· Pre-calculate the base power requirement for each time step in the simulation.  This is done by scaling the power generation pattern for each target generation period so that the required energy will be generated.

At each decision step

· Determine which reservoirs are producing power that contribute system power and which reservoirs will be actively managed to insure system power generation is satisfied (this may vary time-step by time-step as reservoir elevations changes and different zone-rule sets become active).

· Compute the energy that has been previously generated during the current target period.

· Adjust the power generation schedule for the remainder of the current target period so that by the end of the period the required energy has been generated.

· From the adjusted power generation schedule, determine the required power generation for the current decision interval.

· Subtract the power that is already being generated by reservoirs not explicitly operating for the system power rule.

· Distribute the remaining power generation requirement to the active reservoirs based on their generation capacity and a system storage balance (reservoirs are more full relative to the current optimal storage balance get priority for generation).

· Compute the required flow for each reservoir to generate the required power and test against any higher priority flow constraints – re-allocating the system power generation if required.

If the system rule is identified as an independent power requirement, then the power generation requirement developed by this rule will be additive with any other power rule defined for any of the reservoirs actively participating to satisfy the system rule.

For daily average simulation, will need to do first calculation computing power generation with head at beginning of time interval, and then iterate to get correct generation considering the drop in head over the time step.

11 Hydropower – Schedule Rule and Power Guide Curve Rule

The new features developed for the System Rule should be made available for the local reservoir Hydropower – Schedule Rule and Power Guide Curve Rule. These features include 

· Options for specifying the power generation requirement (Schedule Rule only),

· Daily generation pattern, and

· Identification as an independent power requirement.

The revised Hydropower – Schedule Rule editor is shown below.

[image: image35.wmf]Controlled Release Location: Shasta-Penstock

Hydropower - Schedule Rule

Description

Power Generation Requirement

...

Daily Generation Pattern...

120

100

100

100

40

40

40

Jul

Jun

May

Apr

Mar

Feb

Jan

Month

Weekly Requirement

(MWH)

40

40

60

120

120

Dec

Nov

Oct

Sep

Aug

Options...

Independent  Power Requirement


The revised Hydropower – Power Guide Curve Rule editor is shown below.
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Currently hydropower rules must be applied to controlled outlets with power plants.  To allow for more general application, that restriction will be removed so that hydropower rules may also be applied to an outlet group, dam, or diverted outlet.  The hydropower rule will only affect releases from controlled outlets with power plants that are contained within the outlet group, dam, or diverted outlet.

12 Specialized Controlled Outlet Types

The current version of ResSim has a single controlled outlet type.  The primary data for the generic controlled outlet is an outlet capacity verses elevation table, which may be a function of gate opening.  To add power generation capability to an outlet, a Power Plant object is added to a generic controlled outlet.  The Power Plant object holds the additional data associated with power generation.  Users have suggested that rather than using a generic controlled outlet, the model would be more intuitive if there were specific outlet types.  Outlet types would include

· Controlled Outlet

· Power Plant

· Pump

· Reversible Plant

Future development may add other types for specific gate configurations.

A further refinement of the outlet editing ability in the Reservoir Editor Physical Tree will be to add a command to duplicate an existing outlet.  The “Duplicate Outlet” command will be available from the popup menu of Dam, Diverted Outlet, and Outlet Group objects in the physical tree.  The command will display a list of existing controlled and uncontrolled outlet objects.  When the user selects and outlet, a copy of that outlet will be created and placed in the currently selected Dam, Diverted Outlet, or Outlet Group in the physical tree.

12.1 User Interface

Controlled Outlets are added to a reservoir from the Physical Panel of the Reservoir Editor.  Currently there is only one type of controlled outlet.  The interface will be changed to include menu options to add a Power Plant, Pump, and Reversible Plant as well as a Controlled Outlet.  When a Power Plant, Pump, and Reversible Plant outlet type is added, the additional data required for those types will be accessed from tabs in the outlet editor panel.  For example, for a Power Plant outlet, the outlet editor panel will include a tab for the capacity verses elevation table and all the tabs currently part of the Plant editor panel.  The existing means of adding a Plant to a generic controlled outlet will be removed.

Screen shots are shown below illustrating a Controlled Outlet and a new Power Plant outlet.
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13 Pumping Plant & Pump-back Storage Operation

Pump-back storage operation is a phrase used to describe operating a tandem reservoir system for a scheduled hydropower requirement and then refilling the upper reservoir from the lower one through pumping.  The power generation activity usually occurs during the time of the day when the cost of power is high.  This translates to a daily schedule during which the upper reservoir may operate to meet power requirements.  The lower reservoir receives the widely fluctuating releases and stores all water not needed to meet downstream and local requirements.  Then, during the time of the day when power is less expensive, the “turbines” of the upper reservoir reverse to pump water from the lower reservoir to the upper reservoir, making that water available to meet the next day’s power generation requirements.  This becomes a daily schedule during which the reservoir may perform its pumping operation.  An additional requirement is a seasonal usage schedule, which limits how many pumps may be operated.  In the spring season only two pumps may be operated out of four available at the Russell project.  The level of the Thurman pool, the tailwater for the pumps, limits pump operation when it lowers to two, then one, and eventually no pumps operational.

No energy usage requirement will be computed for reversible pump/turbines during pumping operation.  Each individual pump will operate at full capacity during their scheduled operation time, until the upper pool reaches the desired level or the schedule time is over.  The pumps will not operate if the upper pool is at or above top of conservation/power pool or if the lower pool drops below inactive or some other designated elevation. 

Two new outlet types will be added to ResSim to simulate the operation of pumps – Pump and Reversible Plant.  These outlet types will allow a “negative” flow direction which means that instead of water leaving the pool through the outlet, it will enter the pool through the outlet.  Physical attributes of the pump will be defined through the pump’s outlet editor.  These attributes will include: pumping capacity as a function of head or as a constant, minimum tailwater allowed for operation, maximum head, etc.  A Reversible Plant will combine the attributes of a Power Plant and a Pump.  Pump operation will take precedence, such that when the pump operation rule actives pumping, power generation will cease until pumping is completed.

Pumping Operation Rule:  A new rule type will be added to allow the user to define the operational parameters of a given pump or pump group.  The rule will identify the target level that nightly pumping will attempt to attain and the allowable hours for pumping.  The operating rule will force each pump unit to operate at full capacity for whole hours. Variation in the pump rate will be achieved by determining how many pump units will operate at the same time.

Physical Data

Number of pumps units represented by the Pump object.

Pump capacity (cfs or cms) as a constant or as a function of operating head.

Table of pump limits, one row for each pump unit, specifying minimum tailwater elevation and maximum operating head required for each unit to function.

Another option for specifying the pump capacity data would be to input all of the power plant information so that the energy requirements of pumping may also be assessed.  This approach was used in the HEC5 model.  ResSim will not adopt this approach at this time and will be restricted to considering pump capacity as a constant or as a function of operating head.

Operational Data

Hours of operation – fixed number per day or offset from sunrise and sunset

Target fill level – constant elevation, select a zone, or seasonal table.

Pumping Strategy

· Use all pump capability for shortest time, or

· Use all available time with smallest pumping rate

Pumping Period Bias

· beginning of period

· middle of period

· end of period

Note that individual pumps units will be turned on to full capacity for whole hours (pump hours).

13.1 User Interface

· Add two new controlled outlet types – Pump and Reversible Plant

· Add new rule – Pump Schedule

Pump Outlet Type
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The Pump editor panel appears when a Pump object is selected in the reservoir’s Physical Tree.  The user must enter the number of pump units that the Pump object represents and the minimum tailwater elevation and maximum operating head for each individual pump unit.  All individual pump units are assume to have equal capacity.  The Pump Capacity is entered for an individual unit.  Options for entering Pump Capacity are constant as a function of operating head.  When the constant option is selected a single text field is displayed to enter the pump capacity.  When capacity is to be a function of operating head, a table is display to enter the look up function as shown below.
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Reversible Plant Outlet Type
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The Reversible Plant editor panel appears when a Reversible Plant object is selected in the reservoir’s Physical Tree.  The editor panel has all of the sub-panel present for the Power Plant object plus an additional panel for the pump data.  The pump data is identical to the simple Pump object.

Pump Operation Rule

The Pump Operation rule is added to the Zone-Rule tree for an operation set using the standard Add Rule dialog.  The rule can be associated with a Pump, Reversible Plant or to any Outlet Group, Dam or Diverted Outlet that contains a Pump or Reversible Plant.

When the Pump Operation rule is selected in the Zone-Rule tree, the associated editor panel is displayed.
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The editor panel contains components to determine the target fill elevation, daily pumping period, pumping strategy, and pumping bias.

Target Fill Elevation

Target Fill Elevation defines the objective for each nights pumping.  The contents of the sub-panel change according to the option selected.  The options for setting the target elevation are 

· Constant
Single elevation value.

· Seasonally Varying 
Seasonally table of elevation values.

· Storage Zone
Selection of a storage zone

Pumping Period

The Pumping Period defines the hours available for pumping each night and the number of pump units that can be utilized.   Data is entered in a seasonally varying table with columns for the beginning and ending of the pumping period and the number of pump units to be used.  If the number of pump units is left blank, then all units are used.  There are two options for defining the period.

· Fixed Hour Range
Range columns are the beginning and ending hours of the day.

· Between Sunrise and Sunset
Range columns are the number of hours after sunset and number of hours before sunrise.  With this option a latitude value is necessary for the time of sunrise and sunset calculations.

Pumping Strategy

Pumping Strategy options are

· Use Full Pump Capacity

· Use Entire Pumping Period

Pumping Bias

Pumping Bias options are

· Beginning of Period

· Middle of Period

· End of Period

The Pump Operation rule editor is shown below for seasonally varying and storage zone Target Fill Elevation options selected.

[image: image43.wmf]Pump Operation

Description

...

Plan 2

Controlled Release Location: Russel-Pumps

Option

Seasonally Varying

Daily Pumping Period

Target Fill Elevation

01JAN

245

15JUN

Elevation (ft)

Date

312

Option

Fixed Hour Range

01JAN

1600

15JUN

0300

0200

3

2

No.Units

End

Begin

Date

1800

Pumping Strategy

Full pump capacity

Pumping Bias

middle of period


[image: image44.wmf]Pump Operation

Description

...

Plan 3

Controlled Release Location: Russel-Pumps

Option

Storage Zone

Daily Pumping Period

Target Fill Elevation

Option

Between Sunrise and Sunset

01JAN

1600

15JUN

0300

0200

3

2

No.Units

Before SR

After SS

Date

1800

Pumping Strategy

Full pump capacity

Pumping Bias

middle of period

Zone

Conservation

Latitude

32


13.2 Algorithm

Pumping operations are activated through the Pump Operation Rule.  For Reversible Plants, when a pump is activated on an outlet, the pump takes control of the outlet reversing the flow and preventing any other rule from releasing water through the outlet regardless of priority. 

For period average simulations, pumping occurs after generation each time step.

Pumping is always done at full capacity, each pump unit is turned on to optimum pumping rate for even hours

The calculation steps are as follows.

1. Each simulation day, the model determines the hours available for pumping.

2. At the beginning of a pumping cycle, the number of pump hours are computed by taking the volume required to fill the reservoir to the desired target elevation less net inflow volume over the pumping period and dividing it by the volume a single pump unit can lift in one hour.  The resulting number of pump hours is rounded up to the nearest whole number of hours.

3. For simulations with a time step less than daily, the number of pump units operated for each hour of the pumping period is determined by the pumping strategy and bias.

Note that the pump object is an element within a reservoir object.  An upstream reservoir will connect to a downstream reservoir through at least one intervening junction and possible one or more routing reaches and additional junctions.  Pumpback operation will apply a negative flow to the junction immediately downstream of the upper reservoir which will be passed on to the downstream reservoir, withdrawing water from the downstream reservoir.  If there are any intervening reaches, the reaches must be set to “Null Routing” because the regular routing methods test for and do not allow negative flows.

14 Flow Limits (Goals) as a Period Average.  

Some operations, predominantly minimum flow limits, are described as an average over a period, rather than as an instantaneous (or per interval) value.  This form of operation would allow intervals of very high flow along with intervals of low or no flow, averaging out to meet the overall “requirement” for the period.  Savannah River flow requirements are described as weekly and daily average flow requirements. 

The existing Release Function and Downstream Control rules will be extended to support period average limits.  

14.1 User interface
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A Period Average Limit option is added to the list of options in the lower right corner of the editor panel.  Clicking on the Edit button brings up the Period Average Limit Option Editor shown below.
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The Period Options include

· None (disables period average limit)

· Hourly

· Daily

· Weekly

If the Period is set to Weekly, then the Starting Day of Period field is enabled.

14.2 Algorithm

Period Average Operation for a Release Function Rule:

1. Calculate the volume that may be released over the averaging period by multiplying the instantaneous flow limit by the averaging period.

2. Integrate the flow released since the start of the current averaging period to the present time step.

3. Subtract the volume previously released from the total to get the volume that must be released over the remainder of the period to meet a minimum flow limit or may be release without exceeding a maximum flow limit.

4. Divide the remaining volume by the remaining time in the period to determine the average future release that will satisfy the flow limit.

5. Estimate physical release capacity over remainder of time period considering any scheduled capacity outages.

6. If future release capacity is equal to or greater than the average future release computed in step 4, then the current flow limit is set equal to the average future release.  Otherwise, the current release limit is adjusted to compensate for future restrictions of the release. 

Period Average Operation for a Downstream Control Rule:

1. Calculate the volume that may be released over the averaging period by multiplying the instantaneous flow limit by the averaging period.

2. Integrate the downstream flow since the start of the current averaging period to the present time step.

3. Integrate the future flow at the downstream location not managed by the downstream control rule (typically the cumulative local flow at the downstream location).

4. Subtract the volume previously released and the flow volume not managed by the downstream rule from the total to get the volume that must be released over the remainder of the period to meet a minimum flow limit or may be release without exceeding a maximum flow limit.

5. Divide the remaining volume by the remaining time in the period to determine the average future release that will satisfy the flow limit.

6. Estimate physical release capacity over remainder of time period considering any scheduled capacity outages.

7. If future release capacity is equal to or greater than the average future release computed in step 4, then the current flow limit is set equal to the average future release.  Otherwise, the current release limit is adjusted to compensate for future restrictions of the release. 

15 Balance Tolerance

Generation in excess of the weekly commitment or spilling water must not take place just to balance pools.  However, given a user-specified threshold, such as when pools are more than a certain number of feet out of balance, the simulation will generate in excess of the weekly commitment.  The simulation should never spill water unless in flood control or generation capacity is exhausted but minimum required flows have not been met.  For example: In the Savannah River’s three reservoir tandem system, the system balance between reservoirs is typically maintained by releases required to meet system power demands.  If, however, the reservoirs become sufficiently out of balance, additional power releases may be made to bring the reservoirs back toward a balanced condition.  

For ResSim to accommodate this operation strategy, the existing Tandem Operation Rule must be extended to include a balance threshold that must be exceeded before the rule will require the reservoir to make additional releases.  Also, the rule must include identification of one or more outlets that are eligible to make releases for tandem operations.

15.1 User Interface

· Add a balance threshold to tandem rule.  This will allow the upstream reservoir to release water to a lower reservoir to improve the balance when the reservoirs are off balance by more than some limit.  The lower reservoir will never release water just to accommodate the tandem balance.

· Add an option to select the outlets that will be permitted to operate for the balance rule.  This will use the same component developed for the induced surcharge rule.
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16 System Power Output.  

New tabulations and plot options will be provided detailing and summarizing simulation results for system power generation, peaking capacity shortage and why it occurred, pump-back operation, reservoir system storage balance, and period average flow operation.  Reports will support output time series for information that is computed weekly such as target generation goals, shortages, and surplus.

Design of tabulations and plots will be provided to Savannah team members for comment early in the development process to assure information needs are met.  The design process will also identify other variables not currently computed for use in power summary reports.

HTML with embedded JavaScript will be considered when implementing reports to create editable tables with supporting calculations that would be brought up in a web browser.

More complete rule reporting will be developed to determine which rules were active, which were satisfied and which were not satisfied at each computation step.  It is important to be able to determine if a user override caused violation of rules.

16.1 New Output Parameters

· System power generation

· Peaking capacity shortage and why it occurred

· Pump-back operation

· Reservoir system storage balance

· Period-average flow operation.  

· Total power generation and pumpback capacity

17 Operational Hydropower Projection

A weekly water declaration report detailing for the system power marketer how much water may be used each week to make power is required.  A water declaration setup editor is needed to enable the user to specify the schedule for the next week's releases.  HEC-ResSim may be able to prepare this declaration automatically, but users will still need to make adjustments to the specification.  The user must have the capability to specify a target daily flow and set limits on how much over or under the marketer can schedule each day.  The marketer must meet the weekly total regardless of his daily generation schedule.  

17.1 Power Report 1: 

A generalized power report will be added to ResSim to provide the basis of the water declaration report desired.  A user interface will allow the user to identify the per-line summation and averaging period (daily, weekly, monthly) and the period for intermediate totals (monthly, yearly) to be used for the report.  The content of this report will be designed around the variables identified in the Weekly Power Declaration provided by Savannah District.  This report will be exportable as both text and tab delimited files for easy import into Excel where local customization can be added such as min and max instructions for the local power marketer.

A capability to project weekly operations into the future is also a requirement.  Savannah currently prepares a 10-week projection each Wednesday along with the Declaration and this capability must be available for routine operations using HEC-ResSim.

17.2 Power Report 2: 

The 10-week project requirement will be met by providing another generalized report.  The content of this report will be designed around the variables identified in the 10 Week Projection provided by Savannah District.

18 Firm Yield Calculation.  

Firm yield, as applied to hydropower operation, is the amount of power that can be reliably produced by a reservoir (or reservoir system) during the critical dry period identified in the historical hydrologic record.  The determination of the firm yield is critical to the development hydropower generation contracts and the influence of the hydropower operation on the general reservoir regulation plan.  ResSim will be able to calculate the critical period for each independent reservoir or for each reservoir system for long-term simulation and the maximum firm yield that critical period could sustain.  An iterative solution is required to first determine the maximum power production that the reservoir or reservoir system could maintain without shortages throughout the entire long-term simulation.  [A shortage would occur if the pool elevation dropped below the bottom of the power pool and the reservoir was then unable to generate power or to generate enough power to meet the minimum power requirement (firm yield).] Once the firm yield is found, the critical period will be identified by the time window that starts at full power pool and ends at full power pool bracketing the lowest pool elevation attained during the long-term simulation.

Firm Yield Simulation: 

A new analysis option will be added to the ResSim Simulation Module to determine the critical yield and critical period for firm energy production for a single reservoir or a system of reservoirs.  When creating a new simulation period, the use will select either a standard simulation or a critical yield analysis.  When creating a new critical yield analysis, a "wizard" dialog will be used to guide the user in setting up the analysis information including selecting an existing alternative, selecting a reservoir or reservoir system, selecting a firm energy rule as a demand function, defining the time window and computation time step.  Model will run with alternative data for the full period of record (simulation time window) and adjust the firm-energy demand to fully utilize storage of the selected reservoir/reservoir system.  The user interface will be developed to run and compare multiple alternatives and/or reservoir and demand function selections for the same time period in a similar way that the standard simulation period allows users to run and compare multiple alternatives. 

18.1 User interface

· Add new simulation type – Firm Yield Simulation

· Add new Wizard Dialog to 

· Select alternative

· Select reservoir or reservoir system to analyze

· Select demand function (limit to scheduled hydropower)

· Define time window and computation step

· Control execution for full time window to find critical period, then optimize demand find firm yield

· Allow selection of more than one alternative or demand rule or power rule to analysis within a period

19 Guide Curve and Inactive Zones

The storage zones representing the reservoir “Guide Curve” and “Inactive (or Dead) Pool” have special meaning in the ResSim computational engine.  Without any operating rules, the model will attempt hold or release water as necessary to keep a reservoir’s elevation at the top of the guide curve zone.  If the reservoir elevation drops into the inactive zone, all controlled releases are set to zero.  Also, no operating rules can be applied in the inactive zone.

By default, when an operation set is created it will contain a “Conservation” zone which represents the guide curve and an “Inactive Pool” zone.  Currently the zone representing the guide curve is editable via a child dialog, but is not identified in the zone-rule tree.  The zone selected as the inactive pool is not clearly identified and is not editable.

The Reservoir Editor will be enhanced to more clearly display the selection of the guide curve and inactive zones, as well as adding more convenient methods to change the zone selection.

19.1 User Interface

Zone-Rule Tree

Display
The name of the zone representing the guide curve will use bold text.  The name of the zone representing the inactive pool will use italic text.

Context Menu
Set Guide Curve


Set Guide Curve Tolerance


Set Inactive Pool

Storage Zone Hot Plot

Guide Curve zone line will be drawn in blue (or cyan) to differentiated it from other zone lines.

20 Scripted Rule

To permit maximum flexibility in determining reservoir releases a user scripted rule will be added to ResSim operating rule types.  A scripted rule will consist of a user defined Jython script very similar to a scripted State Variable.  Rather than setting at time series value, the scripted rule will return a single limit value and limit type (maximum, minimum, or specified flow) each time it is called from within the decision making algorithm.  Scripted rules may be very simple or very complex, potentially developed with multiple subroutines or calls to processes external to ResSim.  The overhead associated with calling a simple script within the decision logic is minimal; however, very complicated scripts have the potential of requiring very long compute times.

20.1 User Interface

A Scripted Rule will be a new rule option available from the “Add Rule” dialog.  The rule may be associated with any release level in the reservoir.

The Scripted Rule editor panel will be very similar to the State Variable editor as shown below. Note that the details of the script helper components on the lower part of the editor panel will be refined as development proceeds.
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Stans Comments

Pg6
Pgr1
S3 
..allowing uses
…
change to …allowing users…

Pg8
Pgr1 
S2
The function if…
chnge to 
The function is…

Pg 8
Section 4.1.1
I am sorry, but I am a bit hard-headed on this one.  I assume that more than just inflow is required to define the induced surcharge release.  We have a family of envelope curves that defines the required release for a specific inflow at a specific elevation. To define the curve set we use, we would require a Data Definition Dialog box in which the user specifies Elevation, and Outflow for each inflow trace.   Does the user get a separate dialog window, as on Pg 7 for each Inflow trace that you want to define the Discharge–Elevation relationship?  

P13
Pgr 2
S2
...from zero to 1…
We try to operate our power outlets at 100% 

of their rated output.  However there are emergency times when I need to run them at greater than the 100% capacity.  May want values from 0 to 1.25 or more.

P16
Section 6.1.2
Same comment as above, can you use factors greater than 1?

P17 
Section 7
What is meant by available memory?  Is there a big impact on the model run time when it has to loop over time blocks?  

P 18 
Pgr 1 
S2
Thurman
change to Thurmond

P26
Section 10
Can you have multiple systems with different requirements?  If so, can the systems overlap or in other words, can a single reservoir be part of two power systems? In the 2nd paragraph, Am I correct to assume that the reservoirs in a system will continue to balance on “level rules” regardless of whether they are operating for system power or not.

P30
Section 10.1.4
Can you put an actual generation schedule in and let it use those values as weights?  When we get to real-time operation, can it use yesterdays schedule to define the generation pattern? Scale & Slide still a bit confusing.  May need to use some numeric examples.  What I want is to fill in the peak hours to full capacity first, and then the shoulder hours, and then their shoulder hours and so on.

P36
Section 11
What is this about? What is the Power Guide Curve?

P 41 
Pgr1
Last Sentence
…pumps, limits…
pumps may further limit pump operation.

P46-47  I think you need both Lat and lon to specify the project location and derive the sunrise-sunset.  Cant you get the lat and lon from the stream alignment?  We may fall in the eastern time zone, but we operate for hydropower using central time.  We need to tell the model which time zone you operate for.  “After SS and Before SR” I assume you meant the number of hours after sunset or before sunrise.  1600,1800???? Shouldn’t these be integers less than about 12.  

P 55 Section 17.1 and 17.2
Need to address how user selects or builds the inflow set for each forecast period.  Examples “trend, % of normal, and return to normal(yes/no), ESP.

P56
Section 18.1
First pass you need to derive the critical period.  Next the Critical yield in terms of flow(cfs).  Then the firm yield for the alternative you are running.  You need to be able to compare different alternatives, or combinations of alternatives.

P 58 
What is Guide curve tolerence?  How much you allow variation from guide curve?
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