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INTRODUCTION

The ADI concept is a netting of the ACE values of two or more participating Control Areas (CA). The regulation performance burden and corresponding expense by all participants are reduced without adversely affecting system frequency. In the Northeast’s implementation of ADI, the ACE values of PJM, IMO, NYISO, ISO-NE, and the Maritimes will exchanged. A reasonably fast rate such as data is exchanged between CA’s on the ISN (ten seconds) will be used. A Central Controller design is used. The design objective is to provide maximum flexibility in applying and tuning the ADI.

The NPCC Working Group on Control Performance (CO-1) evaluated the feasibility of implementing ADI in the Northeast during 2000. The NPCC Task Force on Coordination of Operation accepted the CO-1 Working Group’s endorsement to jointly implement ADI in NPCC (excluding Quebec) and PJM. This document summarizes general operating concepts and discusses operational requirements to implement ADI in the Northeast.

BENEFITS

The benefits of ADI are realized in both a control benefit and a reporting benefit. Participating Areas can reduce their respective regulation burdens in real time while gaining an improvement in Control Performance Standard (CPS2) compliance. 

Control benefit – Regulation burdens on generators participating in real time regulation are reduced.  Less required movement of generators may lead to lower regulation costs to a Control Area and lower performance penalties to generators.

Reporting benefit – Control Areas participating in ADI will implicitly be able to report better CPS performance since their respective ACE is reduced. The ACE exchange may be applied on purely a reporting basis. In this way, CA’s receive credits for their neighbors’ errors that are in an opposite direction. The reporting benefit was essentially demonstrated in the NPCC/PJM Regional ADI Experiment. 

Areas will be able to receive the Control benefit of ADI once they establish the appropriate data exchange and apply the ADI term to their respective ACE in AGC. An Area may also passively participate without modifying the AGC ACE by applying ADI in CPS reporting only. The greatest benefit is from ADI is to apply it to a CA’s ACE in AGC. The benefit of applying ADI in ACE reporting for CPS compliance can be used at such times when the ADI is set to zero in real time (presumably for security reasons) or in the event a CA has not modified their AGC to accommodate the ADI component. All Areas would be encouraged to receive the appropriate data values over the ISN so these could be applied to either control or reporting only.

In the complete absence of data exchange of ADI values by a participant, the Central Controller could accumulate the ACE and ADI components of the participant(s) and distribute it in an appropriate reporting interval. An e-mail based distribution process would be simplest to implement. Once a passive participant establishes the required data exchange, then the off-line process would become unnecessary.

TERMINOLOGY

Standard industry and engineering terminology will be used as much as possible. Some new terms related to ADI concepts are defined as follows:

Adjusted ACE or ADI ACE – Area Control Error that includes the ADI component. In standard equation form: ACEADI = (Ia  - Is) - 10((f  + ADI. This is the value the Area will control to.

Unadjusted ACE – ordinary Area Control Error, expressed in standard equation form as ACE = Ia  - Is - 10((f

Constrained Unadjusted ACE – ordinary Area Control Error bounded by the directional MW limits used in ADI calculations to prevent excessive unscheduled tie line flows

Majority Group – The group of Control Areas whose ACE sign agrees with the sign of the net constrained unadjusted ACE of all participants

Minority Group – The group of Control Areas whose ACE sign disagrees with the sign of the net constrained unadjusted ACE of all participants. Central Control (Controller) – The CA that processes ACE data for ADI participants. ADI is handled in a single location (EMS) and results are distributed to participants.

Distributed Control (Controller) – ADI calculations and process are handled individually by participating CA’s.

Master Site (Controller) – The Central Controller that processes ACE data and ADI calculations for the ADI participants. The Master Site is also a satellite. The Master Site calculates an ADI component for itself and will implement its own Adjusted ACE accordingly.

Satellite Site – An ADI participant that receives an ADI component to use in its Adjusted ACE in its local AGC for control purposes. All participants in ADI are Satellites, including the Master Site. The Master has additional computational and coordination responsibilities.

CONTROL MODES

In the interregional application of ADI either a centralized or decentralized control mode may be used. In the NPCC/PJM implementation a centralized control mode will be employed.

Centralized control mode – one of the participating CA’s receives all required data items from the other participants. The central controller does all the appropriate calculations and data processing and sends the appropriate ADI components back to the participants. The central controller may also assemble and distribute appropriate CPS compliance data.  

Decentralized controller – Each participating CA calculates their respective ADI components from the data exchanged by participants.

The centralized control mode has several operational advantages over the decentralized mode:

· ADI procedures can be implemented as soon as the central controller has completed calculation software and established data exchange

· ADI processes can be implemented without requiring all participants to complete software changes to their AGC. 

· Minimum data exchange is required.

· Central monitoring and control can identify problems quickly

· Adjustments to control parameters (i.e. limits) can be coordinated quickly.

· Real time decisions regarding the effectiveness can be made quickly. 

ADI ACTIVATION

ADI exchanges may be activated in an active or passive mode. In the active mode, an Area’s ACE is actively adjusted in its AGC system by the ADI term. In the passive mode, an Area’s ACE in not adjusted but an ADI term is calculated for the Area. In a passive participative mode an Area can use the calculated ADI term to take advantage of the reporting benefit if the Area is otherwise unable to actively participate. 

INADVERTENT

ADI exchanges will contribute to inadvertent energy exchanges among the participating Areas. The expectation is that the inadvertent impact of ADI should be more canceling than cumulative in nature. In essence, when there is ACE diversity, inadvertent energy is already flowing. This inadvertent is allowed to continue to flow until the participating CA’s ACE’s naturally (and randomly) redistribute. Inadvertent energy caused by ADI exchange will be paid back through the normal inadvertent management process.

The NPCC CO-1 ADI Experiment
 demonstrated that the inadvertent impact seems to be very tolerable.  The daily magnitudes are not large, and a cumulative effect is not apparent. The samples days indicated a small tendency to create monthly inadvertent, with sufficient diversity in the signs of daily inadvertent to preclude large accumulations. While ADI accumulations need to be monitored after implementation occurs, the aforementioned study does not indicate a need to develop a separate payment methodology for ADI created inadvertent. The normal inadvertent management process should be adequate. 

ADI CALCULATIONS

The ADI component can be viewed as a pseudo-tie in each control area’s ACE equation. The ADI term is modeled as a pseudo-tie so that a negative unadjusted ACE value will become less negative when the Satellite receives the positive ADI value from the Master site Given the standard formulation of the ACE equation, as defined by NERC:

ACE = (NIa  - NIs) - 10((Fa  - Fs)   - IME
For a theoretical formulation, the meter error term IME may be ignored. For simplicity, express (Fa  - Fs) as (F.  For the purposes of this discussion, ACE can be expressed as:

ACE = (NIa  - NIs)- 10((f

In each formulation, the ADI term modifies the standard form ACE equation as follows:



ACE = [(NIa  - ADI) - NIs]- 10((f

Collecting terms in this linear equation leads to a simplified form to include the ADI term in AGC applications: 

ACEADI = (NIa  - NIs) - 10((f  - ADI

The ADI component calculation starts by calculating the amount ACE that can be interchanged. The net constrained unadjusted ACE of all the active participants defines the sign of the Majority group. If the net constrained unadjusted ACE is positive, then the Majority group is positive in sign and those Areas with a negative ACE are said to be in the Minority Group. As the Area’s ACEs change over time, the Areas will continually move between Majority and Minority Groups and the sign of the Majority and Minority groups are dynamic:
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Note: the ACE in the summation above is actually the constrained unadjusted ACE.

. The terms Majority and Minority group refer to the Majority and Minority of ACE, not necessarily the number of Areas in a group. For example, in an ADI group of five Areas, if two Areas cause a net positive constrained unadjusted ACE, they are in the Majority group. The remaining three Areas with the negative ACE values are in the minority.

The Net ACE of the Active participants is the combined effect of the participants on the rest of the interconnection. Consequently the ACE in the Minority Group can be adjusted to zero with no practical effect on the interconnection frequency. The net interchange of the combined Areas will also look the same to the interconnection.

In a simple two-area example, assume Area A has a positive ACE of 80 MW and Area B has a negative ACE of –100 MW. In this case the Majority and Minority are groups of one. Area B is in the Majority Group and the Majority Group is said to be negative. Area A is in the Minority Group that is said to be positive. The net ACE is –20 MW. Area A may have its entire ACE eliminated by interchanging 80 MW with Area B. Area B can have no more than 80 MW of its ACE adjusted.

With multi-participant groups, the Minority Group ACE may be allocated to the Majority group in a variety of ways. Two methods considered are pro-rata distribution and providing equal shares. A pro-rata approach was not chosen at the outset because participants felt this could treat Areas with large errors in a favorable way. Allocating equal shares to all the Majority Group Areas is more equitable and discourages under-regulation. 

In the equal shares allocation method, the Minority Group net ACE is allocated equally to each Majority Group Area. If a Majority Group Area’s ACE is less than the allocation amount, then that Area’s ACE is set to zero and the residual is allocated equally among the remaining majority group members. 

Process Description 

In simplest terms, the algorithm can be summarized as performing the following tasks:

· Retrieval of unadjusted ACE and ADI enable flags from the Satellite Areas

· Miscellaneous initialization

· Determine which Areas can participate in ADI, and categorize those Areas as being part of the Majority or Minority constrained Unadjusted ACE

· Determining if conditions are right for performing ADI assignments this execution

· Master Controller calculates and validates ADI values and Adjusted ACE

· Master Controller sends ADI and Adjusted ACE values to the Satellite Areas

ADI Limits

The magnitudes of both the overall ADI exchange and the individual CA ADI terms must be limited to prevent large unscheduled tie line flows and accumulation of unacceptable quantities of inadvertent.  The ADI will have a global limit to its magnitude. This limit is intended to prevent large net tie line flow deviations from schedule.  It is also intended to limit the inadvertent created by ADI manipulation of the ACE.  The value must be alterable in real time and audited.

Directional per control area limits on the ADI value will be provided to prevent significant adverse deviations in tie line flows from scheduled values. These limits on each Control Area will also temper the effects of a sudden loss of diversity. Limits should be alterable in real time and saved in the historical database. The limits for each control area are as follows:

· Maximum positive diversity that can be assigned to a CA

· Maximum negative diversity that can be assigned to a CA

For the five participating Control Areas, this will represent 10 data values.

ADI Example
Assume five Areas actively participating in ADI. The Net ACE of the five Areas is +40 MW. Thus, the Majority Group is positive and the Minority Group is negative. Areas A and B are in the Majority Group and Areas C, D, and E are in the Minority Group.

The Net Ace of the Minority Group is –60 MW (-25-25-10=-60). Because the Majority ACE is Positive, all of the Minority Group Areas can have their ACE set to Zero. The –60 MW of ACE diversity is initially allocated equally to the two Majority Group Areas (-60/2 = -30).

	Control

Area
	Initial ACE

Value
	Initial ADI

Allocation
	ADI

Adjustment
	Final

ACE value

	A
	+80
	-30
	-40
	+40

	B
	+20
	-30
	-20
	0

	C
	-25
	+25
	+25
	0

	D
	-25
	+25
	+25
	0

	E
	-10
	+10
	+10
	0

	Net
	+40
	0
	0
	+40


Equal shares cannot be assigned to Areas A and B here because B would become positive instead of zero.  Area B’s ACE is set to zero and the residual –10 MW is assigned to Area A. Area A receives an added benefit in this situation.  This re-assignment adds some minor complexity to the algorithm, however it discouraged Area A from allowing its Unadjusted ACE remain disproportionately high since Area A is not guaranteed a larger portion of the ACE diversity. The allocations will be further limited by the application of the ADI limits described above. In this example, the energy balance is maintained; the initial and final Net Ace values are the same, +40 MW.

IMPLEMENTATION REQUIREMENTS

The resource requirements to implement software and telecommunication changes for ADI are site dependent. From a functional standpoint, the site requirements for each Satellite are approximately the same, varying by site-specific requirements
. A site may integrate the data exchange and ADI into its existing AGC software, or it may develop a standalone module that passes ACE and ADI components into and out of the AGC software. The Master Site will have greater resource requirements because of the computational burden and additional data exchange requirements.

Inter-Area Data Exchange and Data Base Requirements

Participating Areas will need to exchange ACE and other control related data via the ISN. Under the Central Controller scheme, participating Areas must supply their respective unadjusted ACE values to the Central Controller. The Central Controller will calculate the ADI and adjusted ACE and transmit those and other relevant values back to each Satellite. The Master and Satellite sites should exchange data via the ISN at the fastest rate possible (e.g., 10 seconds).

New quantities need to be defined at the master and at each satellite. The Master Site will need to process and save all of the values. The Satellite sites are encouraged to receive and process all of the values, however, they participate in ADI by processing the minimum quantities, as identified in the section on Data Exchange Requirements. Real time ACE and control related data must be streamed continuously at the ISN data exchange rate (i.e. every 10 seconds). The static ADI Limit Data can be sent on an exception basis, but initially it will be maintained manually at the Master site.

Each Satellite will send out three required data quantities to the Master site. In the NPCC/PJM implementation, there will be five Satellites, including the Master Site. The Master Site will have to be sized to receive 12 data items from 4 satellites plus process its own items (5 Areas x 3 Data Items = 15 Items Total). The following quantities are sent to the Master site from each of the Satellite sites. 

1. ADI enable flag.  When set to zero, a control area is not presently participating in ADI exchange for some reason (see below).  When set to one, the control area is participating in ADI exchange, and is therefore calculating an unadjusted ACE to be sent to the master site and using the most recently received ADI term from the central site in calculating its control (Adjusted) ACE.

2. Satellite Unadjusted ACE.  This the satellite’s ACE (minus any ADI term) calculated by AGC in its most recent execution.

3. Timestamp For Satellite Unadjusted ACE.   The timestamp should be computed within the AGC software that calculates the Satellite Area’s Unadjusted ACE.                 [The advantage of this approach is that if AGC stalls, it would not get recalculated.  If the timestamp is reasonable, then we know that both the data link and AGC were healthy fairly recently.  But if AGC stalls but the data link stays healthy, the timestamp would not reflect that the unadjusted ACE is stale if we relied on a timestamp developed at the time of data link transmittal. ]

The Master site shall send the same data set to all Satellites to support the Operator’s overview display in addition to the ADI transmittal:

The Master site will send the following data values to each Satellite site:

1. (*) ADI timestamp. The time ADI values are calculated by the Master site. This originates at the Central Controller.

2. (*) ADI value. This is the ADI value assigned by the master site for use in pushing the ACE towards zero in the next AGC execution.  It would be treated as a pseudo-tie and added to the satellite unadjusted ACE to determine the control ACE.  For example, if the net ACE of all ADI participants was +100, and the satellite control area had a unadjusted ACE = -60 because it was in the minority and under-generating, it would receive an ADI of +50 from the master site so that its control ACE is then –10. This is calculated for each Satellite control area (5 of these)

3.  Global enable flag. Enables or disables ADI functionality at the Master site

4. ADI enable flag for each Satellite control area (5 of these)

5. Unadjusted ACE supplied by each Satellite control area (5 of these)

6. Adjusted ACE for each Satellite control area (Unadjusted ACE + ADI) (5 of these)

7. Satellite timestamp corresponding to the respective Satellite’s Unadjusted ACE value (5 of these)

All of the above data will be maintained at the Master site. Satellite Areas are not necessarily required to use all of the data transmitted by the Master Site. The items marked above with an (*) are minimum data items for each satellite to use in its participation in ADI. Item 5 can be limited to the single value representing the Satellite’s ADI term. Ultimately each Area will likely desire a full compliment of data values.

In addition to the continuously streaming data, provisions must be made for Satellites to exchange the ADI limits with the Master site. The limit data is generally static and will change by exception. Additional data and variable definitions are discussed in Appendix B.

User Interfaces

User interfaces will have site-specific requirements and look and feel.  All of the database items related to ADI should be viewable in real time. Displays must allow System Operators and Analysts to view the ADI process and to change data items that they have authority to modify. 

Displays

Display Items that should be made available in real time are, but not limited to, the following:

· ADI Overview display.  This display allows operators at all satellite control areas, including the master, to see an overview of the ADI process.  It is a generally non-enterable display that contains the results of the last ADI processing completed by the master software.  The items that need to be made available by the master site to support this display are: ADI enable flag of each satellite control area; unadjusted ACE of each satellite control area; ADI value assigned to each satellite control area; adjusted ACE (unadjusted ACE + ADI) of each satellite control area.

· Operator changes entry display.  The operator also needs to be able to view and modify: the ADI enable flag, data quality limits, and all static ADI Limit data for the respective Satellite. The Operator at the Master site will have the additional capability of modifying the ADI enable flag for all Satellites, the ADI Limit parameters for all Satellite, and the Global ADI enable flag.

Alarms and Message Logging

An alarm notification, either audible of visual, should be sent to the operator when the ADI flag is disabled because:

· the reasonability limit is violated.

· the tardiness limit is violated.

· AGC determines that conditions exist that makes ADI participation infeasible (e.g., data quality problems with the unadjusted ACE calculation, AGC is paused, suspended, or in monitor mode).

· System Operator determines that conditions exist that make ADI participation unreliable

All changes to the ADI flag, including those for which alarms are issued, should be logged. In addition all changes to static data should be logged:

· magnitude of the reasonability limit.

· magnitude of the tardiness limit.

· Magnitude of the ADI limits

Software Standardization Issues

It is recognized that each site cannot have identical code. Site-specific implementations of AGC, data exchange, and different EMS software vendors, make portability of code difficult. Thus each site will develop identical minimal functionality, as described in this document.  All participants are Satellites including the Central Controller at the Master Site.  

It would be desirable for the master site software to be modular according to the functionality defined so it could be put on a backup machine at a different site.  Thus, the master site could be moved to a Satellite control area if the Master site is no longer able to serve as the Central Controller. Portability and interoperability across the participants EMS platforms is not a requirement for Day 1 implementation. The Central Controller, as a Security Coordinator and EMS, is designed for a high level of availability. For the short periods that the Central Controller may be unavailable in the initial implementation, the ADI would be globally disabled. A second phase of the implementation could be to port the Central Controller software to a secondary (back-up) Satellite site.

OPERATING PROCEDURES

Changes to the ADI states (enable/disable) and parameters should be done in a coordinated fashion. The Central Controller will have the authority to globally disable ADI. Following this action, all participants must be notified (via Hotline conference). Changes to individual Satellites parameters can be communicated electronically and viewed by all participants, presuming all the participants have displayed a full complement of data. 

The Satellite Areas shall have the authority to disable their respective participation in ADI. The Central Controller will have the capability to disable any individual Satellite, but should only do so at the Satellite’s request, unless there are under extenuating circumstances. Ordinarily the Central Controller would direct a Satellite to disable its ADI participation.

Operating procedures must be written to cover:

· Operating actions during ADI and conditions to make adjustments

· CPS monitoring and reporting.

NPCC C-8, Monitoring Procedures for Control Performance Guide during Normal Conditions, can be modified to include the ADI component in reporting. A new C-Document may be added to address real time operating procedures.

The operating procedures must have provisions for:

· Establishes NYISO as the Central Controller

· The Central Controller shall have the authority to enable or disable ADI exchange if:

· Control Performance is adversely affected by the ADI

· ADI contributes to already large accumulations of inadvertent
· Participants may adjust their respective ADI limits, and thus participation, through the Central Controller.

· Any participant may request that ADI be enabled or disabled.

· All actions to globally enable or disable ADI will be discussed via Hotline or Conference Call as appropriate.
· Should/would Areas continue participating passively if the ADI is disabled either for an Area or globally. Data can be accumulated to calculate CPS for all participants based on a perpetual passive mode of operation.  
· CPS reporting and post-mortem analysis
DATA QUALITY CHECKS
Prior to ADI activation the participating Control Areas should check the ACE data exchanged. The data examinations should check the following:

· Ascertain that actual ACE data is telemetered

· Reasonable accuracy of ACE data. 

· Time-skew effects

Validation Of ADI Timestamp Received From the Remote Site

While the current timestamp are developed within the Satellite’s AGC program and in the ADI software at the Master site, the respective EMS clocks may not be synchronized. Master and Satellite control areas shall use a common monitoring technique to facilitate any prospective need to diagnose timing problems.  The logic that processes the ADI value received shall monitor the “age” of the ADI value.  The minimum, maximum, and average age should be computed for the current and preceding hour. 

 As an interim step and until effective synchronization can be validated, a technique that keys off of a change in the ADI timestamp will be used to validate ADI values received from the remote site.  The steps for validating the ‘freshness’ of the data stream from a remote site are as follows (sample Fortran code illustrating this process is presented in Appendix B).

1. If the ADI timestamp just received differs from the last ADI timestamp saved, then assume that the ADI value is not stale, save the ADI timestamp value in the “last ADI timestamp file changed” variable for next time, and save the current Satellite time in the “last observed ADI timestamp change” variable for next time.

2. If the ADI timestamp just received is the same as that found in the “last ADI timestamp file changed” variable, but the “last observed ADI timestamp change” variable is not older than the current Satellite time by more than the ADI tardiness limit, then assume that the ADI value is still good.

3. If the ADI timestamp just received is the same as that found in the “last ADI timestamp file changed” variable, and the “last observed ADI timestamp change” variable is older than the current Satellite time by more than the ADI tardiness limit, then the ADI value is deemed to be too old to use.

ADI Reasonability Check

Satellite sites should check that the ADI value calculated by the Central Controller is within expected limits. By design, the Central Controller will calculate the ADI term within the specified ADI Limits (described above). In case the value becomes corrupted, satellites can quality check the reasonableness of the value by one of two means:

· Check against an overall ADI reasonability limit.  The individual satellite control area would reject all entries whose absolute value was greater than this limit.  This is neither the global ADI limit nor a directional limit.  It serves to screen out gross errors, and ADI is automatically disabled within the satellite control area if the limit is violated. This is the quickest to implement.

· Check against specified ADI limits. This repeats the calculation already done by the Central Controller. This would provide a redundancy check by each Satellite of the Central Controllers calculation. A Satellite could implement this in the future.

KT – 2/28/01

KT – 3/12/01 – Comments added.

KT – 8/7/01

Appendix A – Detailed Description of ADI Algorithm

Increment the number of Master algorithm executions since the last restart.

Retrieve unadjusted ACEs and ADI enable flags and their timestamps from the ISN

Determine current time at Master Site

Determine if this is an on or off-peak period

Initialize the following variables to zero:

· sum of positive constrained unadjusted ACEs of active Satellites 

· sum of negative constrained unadjusted ACEs of active Satellites 

· # of positive constrained unadjusted ACEs of active Satellites 

· # of negative constrained unadjusted ACEs of active Satellites 

Initialize the minority constrained unadjusted ACE flag to an unknown state

Start of loop A through all areas

· Initialize the ADI value to zero

· Initialize the this time active participant status to inactive

· Go to end of loop if the area is unavailable

· If the ADI enable flag has a disabled status, go to the end of the loop

· If the timestamp of this run is greater than the unadjusted ACE timestamp, and, the unadjusted ACE timestamp plus the timestamp tolerance is less than the timestamp of this run, then go to the end of loop because the unadjusted ACE timestamp is stale

· If the timestamp of this run is less than the unadjusted ACE timestamp, and, the unadjusted ACE timestamp plus the timestamp tolerance is less than the timestamp of this run plus 24,000, then go to the end of loop because the unadjusted ACE is stale

· Go to the end of the loop if the unadjusted ACE is zero

· If the unadjusted ACE is positive, and, this area’s negative ADI limit is zero, go to the end of the loop

· If the unadjusted ACE is positive, and, this is an on peak period, and, the area’s too much positive on peak inadvertent flag is set, go to the end of the loop

· If the unadjusted ACE is positive, and, this is an off peak period, and, the area’s too much positive off peak inadvertent flag is set, go to the end of the loop

· If the unadjusted ACE is negative, and, this area’s positive ADI limit is zero, go to the end of the loop

· If the unadjusted ACE is negative, and, this is an on peak period, and, the area’s too much negative on peak inadvertent flag is set, go to the end of the loop

· If the unadjusted ACE is negative, and, this is an off peak period, and, the area’s too much negative off peak inadvertent flag is set, go to the end of the loop

· Congratulations, we now have an unadjusted ACE that will be useful if ACE diversity exists. 

· If the unadjusted ACE is positive, set the constrained unadjusted ACE to the lesser of the unadjusted ACE and the negative ADI limit

· If the unadjusted ACE is negative, set the constrained unadjusted ACE to the greater of the unadjusted ACE and the negative of the positive ADI limit

· If the constrained unadjusted ACE is positive, add it to the sum of positive constrained unadjusted ACEs 

· If the constrained unadjusted ACE is positive, increment the # of positive constrained unadjusted ACEs

· If the constrained unadjusted ACE is negative, add it to the sum of negative constrained unadjusted ACEs

· If the constrained unadjusted ACE is negative, increment the # of negative constrained unadjusted ACEs

· Set the this time active Satellite status to active

End of loop A through all areas

· If ADI has been globally disabled by Central Controller, skip loop B altogether and let the ADI values of all areas remain zero

· If the Master has run too few times since the last restart to be confident in time stamp accuracy, skip Loop B altogether and let the ADI values remain zero.

· Constrain the sum of positive constrained unadjusted ACEs by the global ADI limit

· Constrain the sum of negative constrained unadjusted ACEs by the global ADI limit

· If either the sum of positive constrained unadjusted ACEs or the sum of negative constrained unadjusted ACEs are zero, skip loop B altogether and let the ADI values of all areas remain zero

· If the sum of positive constrained unadjusted ACEs is less than or equal to the absolute value of the sum of negative constrained unadjusted ACEs, set the minority constrained unadjusted ACE flag equal to +1, otherwise set it to –1.

· If the minority constrained unadjusted ACE flag =1, initialize the # of areas in phase with the majority constrained unadjusted ACE equal to the # of negative constrained unadjusted ACEs

· If the minority constrained unadjusted ACE flag =1, initialize the # of areas out of phase with the majority constrained unadjusted ACE equal to the # of positive constrained unadjusted ACEs

· If the minority constrained unadjusted ACE flag =-1, initialize the # of areas in phase with the majority constrained unadjusted ACE equal to the # of positive constrained unadjusted ACEs

· If the minority constrained unadjusted ACE flag =-1, initialize the # of areas out of phase with the majority constrained unadjusted ACE equal to the # of negative constrained unadjusted ACEs

· Set the remaining in phase MW to dispatch and the remaining out of phase MW to dispatch equal to the sum of positive constrained unadjusted ACEs if the minority constrained unadjusted ACE flag =1. Or, set them equal to the sum of negative constrained unadjusted ACEs if the minority constrained unadjusted ACE flag = -1. 

· Set the # of ADI dispatch iterations to 0

Start of loop B – goes up to the maximum iteration limit

· Increment the number of iterations and go to the logic immediately after the end of loop B if the maximum iteration limit is violated.

· If the # of areas in phase >0, then set the prorated in phase ADI to dispatch this time in loop C equal to the remaining in phase MW to dispatch divided by the # of areas in phase. Otherwise, set it to zero.

· If the # of areas out of phase >0, then set the prorated out of phase ADI to dispatch this time in loop C equal to the remaining out of phase MW to dispatch divided by the # of areas out of phase. Otherwise, set it to zero.


Start of loop C – loops through each area



Go to the end of the loop if the “this time active Satellite” status is inactive.

Skip this area if its ADI is already equal in magnitude and opposite in sign of its constrained unadjusted ACE

If the constrained unadjusted ACE is in phase with the majority constrained ACE, but taking all of the prorated in phase ADI to dispatch this time would cause a sign change or a zero value in the resultant constrained unadjusted ACE, then decrement the # of areas in phase, decrement the remaining in phase MW to dispatch by the # of MW being assigned to the ADI term, and set the ADI term equal to the negative of the constrained unadjusted ACE.

If the constrained unadjusted ACE is in phase with the majority constrained ACE, and, all of the prorated in phase ADI to dispatch this time would not cause a sign change or a zero value in the resultant constrained unadjusted ACE, then add the prorated in phase ADI to dispatch this time to the ADI and decrement the remaining in phase MW to dispatch by the prorated in phase ADI to dispatch this time.

If the constrained unadjusted ACE is out of phase with the majority constrained ACE, but taking all of the prorated out of phase ADI to dispatch this time would cause a sign change or a zero value in the resultant constrained unadjusted ACE, then decrement the # of areas out of phase, decrement the remaining out of phase MW to dispatch by the # of MW being assigned to the ADI term, and set the ADI term equal to the negative of the constrained unadjusted ACE.

If the constrained unadjusted ACE is out of phase with the majority constrained ACE, and, all of the prorated out of phase ADI to dispatch this time would not cause a sign change or a zero value in the resultant constrained unadjusted ACE, then subtract the prorated out of phase ADI to dispatch this time from the ADI and decrement the remaining out of phase MW to dispatch by the prorated out of phase ADI to dispatch this time.

End of loop C – loops through each area

If there are more in or out of phase ADI assignments to be made, try to do another iteration.

End of loop B

· Find the algebraic sum of the ADI values, and if the sum is not real close to zero, then issue an alarm and then set them to zero.

· Prepare ADI values and their timestamps to send them to the available areas

· Send them out

End

Appendix B – Data and Variable Description

The data needed to support the ADI algorithm are described below.  They are divided into different classes of data.  Ahead of each description is a variable name that is used in the sample FORTRAN code description of the algorithm in Appendix C. These are examples of the types of variables that will be required for implementation. Specific sites and implementations may have varying or differing requirements.

Global Input Data Maintained At The Master Site

· GLOBENA is a flag that enables (1) or disables (0) the entire ADI process the Central Controller would toggle this field if it determines that ADI exchanges may cause security problems. It may also be used to stop the process if the software fails somehow.

· GLOBALIM is the maximum number of MW that the minority ACE areas can give to the majority ACE areas.

· ITERMAX is the maximum number of iterations through the ADI assignment logic

· NAREAS is a parameter statement that defines the number of satellite areas that the algorithm is sized to handle.  It includes both available and unavailable satellite areas.

· NRUNSOK is number of Master algorithm executions needed after a restart to remove uncertainty about time stamp accuracy.

Satellite Area Data Sent To The Master Site Continuously

· STAMPAC (NAREAS) is an array containing the timestamp of the Unadjusted ACE for each satellite area received from the ISN.  

· ADIENA (NAREAS) is an array containing the ADI enable flag (1=enabled, 0=disabled) for each satellite area received from the ISN.

· UNADJACE (NAREAS) is an array containing the Unadjusted ACE for each satellite area received from the ISN. 

Area Data Maintained At The Master Site 

· AVAIL (NAREAS) is an array defining which satellite areas are available (1) and which are unavailable (0) to participate in ADI.  When a Satellite is available, its flag in this array is changed from 0 to 1.  If a satellite area decides to withdraw from ADI participation, it is changed back to 0.

· LIMNEG (NAREAS) is an array containing the size limit for each satellite’s negative ADI values.  Its purpose is to prevent excessive export of energy by a satellite area.  It is a positive value.

· LIMPOS (NAREAS) is an array containing the size limit for each satellite’s positive ADI values.  Its purpose is to prevent excessive import of energy by a satellite area.  It is a positive value.

· NOOFNEG (NAREAS) is an array containing flags stating whether (1) or not (0) a satellite area presently has too much negative off peak inadvertent.  With a value of 1, it blocks any positive ADI assignments during off peak times.

· NOOFPOS (NAREAS) is an array containing flags stating whether (1) or not (0) a satellite area presently has too much positive off peak inadvertent.  With a value of 1, it blocks any negative ADI assignments during off peak times.

· NOONNEG (NAREAS) is an array containing flags stating whether (1) or not (0) a satellite area presently has too much negative on peak inadvertent.  With a value of 1, it blocks any positive ADI assignments during on peak times.

· NOONPOS (NAREAS) is an array containing flags stating whether (1) or not (0) a satellite area presently has too much positive on peak inadvertent.  With a value of 1, it blocks any negative ADI assignments during on peak times.

· TIMETOL (NAREAS) is an array containing a time tolerance in seconds, beyond which satellite area data received from the ISN is deemed to be stale

Internal Working Variables Of The Algorithm

· ACTIVE (NAREAS) is an array that indicates whether a satellite area is an active (1) or inactive (0) Satellite in this execution of the ADI algorithm.  This is not the same as the ADI enable flag.  Other factors such as a zero Unadjusted ACE or inadvertent management can result in an enabled area being inactive for the current ADI assignment being performed. 

· ADINET is used to determine if the sum of the ADI values is about zero.  Some slop is allowed for floating point inaccuracies.

· CUNADJACE (NAREAS) is an array of Unadjusted ACE values of the “this time” active ADI Satellites that have been constrained by the directional ADI limits to prevent excessive export or import of energy.

· CURHH is a working variable used to strip out the hour field out of CURCHECK (integer arithmetic with truncation!)

· CURMM is a working variable used to strip out the minute field out of CURCHECK (integer arithmetic with truncation!)

· CURSS is a working variable used to strip out the second field out of CURCHECK (integer arithmetic with truncation!)

· CURCHECK is basically the same as CURTIME, except 240000 is added to it if a comparison of CURTIME and OBCHANGE(I) reveal the crossing of a day boundary

· CURTIME is the current time at the Master site in HHMMSS format

· CURTOTSEC is a working variable containing the time in seconds within day at the Master site 

· I is a generic indexer.

· ITER is the number of iterations through the loop C ADI assignment logic.

· MINORTY is a flag indicating whether positive (+1) constrained Unadjusted ACEs are in the minority, or, negative (-1) constrained Unadjusted ACEs are in the minority.

· MINUTES is the minutes after the hour at the start and also the end of algorithm execution at the Master site.

· MWINPH is the in phase megawatts that need to be dispatched yet by ADI assignment logic.

· MWOUTPH is the out of phase megawatts that need to be dispatched yet by the ADI assignment logic

· NINPH is the number of active areas that are in phase with the majority constrained Unadjusted ACEs.  This is a working variable that gets counted down towards zero as the ADI assignments proceed.

· NNEG is the number of constrained Unadjusted ACE values of active ADI Satellites that are negative.

· NOUTPH is the number of active areas that are out of phase with the majority constrained Unadjusted ACEs.  This is a working variable that gets counted down towards zero as the ADI assignments proceed.

· NPOS is the number of constrained Unadjusted ACE values of active ADI Satellites that are positive.

· NRUNS is the number of Master algorithm executions since the last re-start.

· OBCHANGE(NAREAS) contains the timestamp of the time at the Master site in HHMMSS format that existed when the Satellite’s unadjusted ACE timestamp was observed to change

· OBHH is a working variable used to strip out the hour field out of the OBCHANGE array (integer arithmetic with truncation!)

· OBMM is a working variable used to strip out the minute field out of the OBCHANGE array (integer arithmetic with truncation!)

· OBSS is a working variable used to strip out the second field out of the OBCHANGE array (integer arithmetic with truncation!)

· OBTOTSEC is a working variable containing the time in seconds within day that the Master site saw the Satellite’s unadjusted ACE timestamp change

· PEAKPER is the on/off peak period flag (1 for on peak, 0 for off peak).

· PROINPH is the prorated in phase ADI to assign this path through the ADI assignment logic of loop C.

· PROUTPH is the prorated out of phase ADI to assign this path through the ADI assignment logic of loop C.

· SECONDS is the seconds after the minute at the start and also the end of algorithm execution at the Master site.

· STAMPACL(NAREAS) contains the last timestamp sent from the Satellite that was observed to be different from its previous value

· SUMNEG is the sum of constrained Unadjusted ACE values of active ADI Satellites that are negative.

· SUMPOS is the sum of constrained Unadjusted ACE values of active ADI Satellites that are positive.

· Output Data Sent To Satellite Areas After Each Execution

· ADI (NAREAS) is the array that will ultimately contain the ADI values to be sent to each available satellite area.  A positive ADI is assigned to move a negative Unadjusted ACE value closer to zero.  A negative Unadjusted ACE represents under generation.

· STMPOUT is the timestamp calculated after ADI assignments are completed. 

Appendix C – Sample FORTRAN Code for ADI Calculations

 The following variables should be assigned a floating-point variable type: ADI, ADINET, CUNADJACE, MWINPH, MWOUTPH, PROINPH, PROUTPH, SUMNEG, and SUMPOS.  All other variables should be typed as integers, though some of the others could be made into logical variables.

C
The following parameter statements are needed:

PARAMETER (NAREAS = 5)

PARAMETER (NITMAX = NAREAS – 1)

C
The following dimension statements are needed:

DIMENSION ACTIVE (NAREAS)

DIMENSION ADI (NAREAS)

DIMENSION ADIENA (NAREAS)

DIMENSION AVAIL (NAREAS)

DIMENSION CUNADJACE (NAREAS)

DIMENSION LIMNEG (NAREAS)

DIMENSION LIMPOS (NAREAS)

DIMENSION UNADJACE (NAREAS)

DIMENSION NOOFNEG (NAREAS)

DIMENSION NOOFPOS (NAREAS)

DIMENSION NOONNEG (NAREAS)

DIMENSION NOONPOS (NAREAS)

DIMENSION OBCHANGE(NAREAS)

DIMENSION STAMPAC (NAREAS)

DIMENSION STAMPACL(NAREAS)

DIMENSION TIMETOL (NAREAS)

C
Increment number of Master algorithm executions since its last re-start

NRUNS=NRUNS+1

C
Get current time in HHMMSS into CURTIME

C
Retrieve Unadjusted ACEs and ADI enable flags and their timestamps from the ISN

C
Get data into arrays UNADJACE, ADIENA, STAMPAC

C
Determine if this is an on or off-peak period and put into PEAKPER

C
Initialize Sum and number of positive and negative constrained unadjusted ACE’s of active players to zero

SUMPOS = 0

SUMNEG = 0

NPOS = 0

NNEG = 0

C
Initialize minority constrained unadjusted ACE flag to an unknown state

MINORTY = 0

C
Start of loop A through all areas

DO 100  I = 1, NAREAS

C
Initialize the ADI value to zero

C
Initialize the this time active status to inactive


ADI (I) = 0


ACTIVE (I) = 0

C
Go to end of loop if the area is unavailable


IF (AVAIL (I) = 0) GOTO 100

C
If the ADI enable flag has a disabled status, go to the end of the loop

IF(ADIENA(I) = 0) GOTO 100

· If the timestamp of this run is greater than the Unadjusted ACE timestamp, and, the Unadjusted ACE timestamp plus the timestamp tolerance is less than the timestamp of this run, then go to the end of loop because the Unadjusted ACE timestamp is stale

· If the timestamp of this run is less than the Unadjusted ACE timestamp, and, the Unadjusted ACE timestamp plus the timestamp tolerance is less than the timestamp of this run plus 240000, then go to the end of loop because the Unadjusted ACE is stale

· This is achieved by parsing out the hours, minutes , and seconds when there is no change in timestamp value received from the Satellite and determining if the unadjusted ACE is too old.  We are saving the last timestamp received that was a changed.  If the timestamp received has changed, then we assume that the unadjusted ACE is sufficiently current

IF(STAMPACL(I) .EQ. STAMPAC(I)) THEN


OBHH = OBCHANGE(I) / 10000


OBMM = (OBCHANGE(I) – (10000 * OBHH)) / 100


OBSS = OBCHANGE – (10000 * OBHH) – (100 * OBMM)


OBTOTSEC = (3600* OBHH) + (60 * OBMM) + OBSS


CURCHECK = CURTIME


IF(OBCHANGE(I) .GT. CURTIME) THEN



CURCHECK = CURCHECK +240000


ENDIF


CURHH = CURCHECK / 10000


CURMM = (CURCHECK – (10000 * CURHH)) / 100


CURSS = CURCHECK – (10000 * CURHH) – ( 100 * CURMM)


CURTOTSEC = (3600 * CURHH) + (60 * CURMM) + CURSS


IF((OBTOTSEC + TIMETOL(I)) .LT. CURTOTSEC) GOTO 100

ELSE


STAMPACL(I) = STAMPAC(I)


OBCHANGE(I) = CURTIME

ENDIF

C
Go to the end of the loop if the Unadjusted ACE is zero

IF(UNADJACE(I) = 0) GOTO 100

· If the Unadjusted ACE is positive, and, this area’s negative ADI limit is zero, go to the end of the loop

· If the Unadjusted ACE is positive, and, this is an on peak period, and, the area’s too much positive on peak inadvertent flag is set, go to the end of the loop

· If the Unadjusted ACE is positive, and, this is an off peak period, and, the area’s too much positive off peak inadvertent flag is set, go to the end of the loop

· If the Unadjusted ACE is negative, and, this area’s positive ADI limit is zero, go to the end of the loop

· If the Unadjusted ACE is negative, and, this is an on peak period, and, the area’s too much negative on peak inadvertent flag is set, go to the end of the loop

· If the Unadjusted ACE is negative, and, this is an off peak period, and, the area’s too much negative off peak inadvertent flag is set, go to the end of the loop

IF(UNADJACE(I) .GT. 0)


IF(LIMNEG(I) .LE. 0) GOTO 100


IF((PEAKPER .EQ. 1) .AND. (NOONPOS(I) .EQ. 1)) GOTO 100


IF((PEAKPER .EQ. 0) .AND. (NOOFPOS(I) .EQ. 1)) GOTO 100

ELSE


IF(LIMPOS(I) .LE. 0) GOTO 100


IF((PEAKPER .EQ. 1) .AND. (NOONNEG(I) .EQ. 1)) GOTO 100


IF((PEAKPER .EQ. 0) .AND. (NOOFNEG(I) .EQ. 1)) GOTO 100

ENDIF

· Congratulations, we now have an Unadjusted ACE that will be useful if ACE diversity exists. 

· If the Unadjusted ACE is positive, set the constrained Unadjusted ACE to the lesser of the Unadjusted ACE and the negative ADI limit

· If the Unadjusted ACE is negative, set the constrained Unadjusted ACE to the greater of the Unadjusted ACE and the negative of the positive ADI limit

IF(UNADJACE(I) .GT. 0) THEN


IF(UNADJACE(I) .GT. LIMNEG(I)) THEN



CUNADJACE(I) = LIMNEG(I)


ELSE



CUNADJACE(I) = UNADJACE(I)


ENDIF

ELSE

IF(UNADJACE(I) .LT. (-LIMPOS(I))) THEN



CUNADJACE(I) = -LIMPOS(I)


ELSE



CUNADJACE(I) = UNADJACE(I)


ENDIF

ENDIF

C
If the constrained Unadjusted ACE is positive, add it to the sum of positive constrained Unadjusted ACEs 

C
If the constrained Unadjusted ACE is positive, increment the # of positive constrained Unadjusted ACEs

C
If the constrained Unadjusted ACE is negative, add it to the sum of negative constrained Unadjusted ACEs

C
If the constrained Unadjusted ACE is negative, increment the # of negative constrained Unadjusted ACEs

IF(CUNADJACE(I) .GT. 0) THEN


SUMPOS = SUMPOS + CUNADJACE(I)


NPOS = NPOS + 1

ELSE


SUMNEG = SUMNEG + CUNADJACE(I)


NNEG = NNEG + 1

ENDIF

C
Set the this time active Satellite status to active

ACTIVE(I) = 1

C
End of loop A through all areas

100
CONTINUE

· If ADI has been globally disabled by the Central Controller skip loop B altogether and let the ADI values of all areas remain zero

IF(GLOBENA .EQ. 0) GOTO 2000 

C
If there have been too few Master algorithm executions since its last re-start, then let the ADI remain zero

C
because timestamps are questionable.

C
Constrain the sum of positive constrained Unadjusted ACEs by the global ADI limit

C
Constrain the sum of negative constrained Unadjusted ACEs by the global ADI limit


IF (NRUNS .LT. NRUNSOK) GOTO 2000

IF(SUMPOS .GT. GLOBALIM) SUMPOS = GLOBALIM

IF(SUMNEG .LT. (-GLOBALIM)) SUMNEG = -GLOBALIM

· If either the sum of positive constrained Unadjusted ACEs or the sum of negative constrained Unadjusted ACEs are zero, skip loop B altogether and let the ADI values of all areas remain zero

IF((SUMPOS .LE. 0) .OR. (SUMNEG .GE. 0)) GOTO 2000

· If the sum of positive constrained Unadjusted ACEs is less than or equal to the absolute value of the sum of negative constrained Unadjusted ACEs, set the minority constrained Unadjusted ACE flag equal to +1, otherwise it is equal to –1.

IF(SUMPOS .LE. (-SUMNEG)) THEN


MINORTY = 1

ELSE

MINORTY = -1

ENDIF

· If the minority constrained Unadjusted ACE flag =1, initialize the # of areas in phase with the majority constrained Unadjusted ACE equal to the # of negative constrained Unadjusted ACEs

· If the minority constrained Unadjusted ACE flag =1, initialize the # of areas out of phase with the majority constrained Unadjusted ACE equal to the # of positive constrained Unadjusted ACEs

· If the minority constrained Unadjusted ACE flag =-1, initialize the # of areas in phase with the majority constrained Unadjusted ACE equal to the # of positive constrained Unadjusted ACEs

· If the minority constrained Unadjusted ACE flag =-1, initialize the # of areas out of phase with the majority constrained Unadjusted ACE equal to the # of negative constrained Unadjusted ACEs

IF(MINORTY .EQ. 1) THEN


NINPH = NNEG


NOUTPH = NPOS

ELSE


NINPH = NPOS


NOUTPH = NNEG

ENDIF

· Set the remaining in phase MW to dispatch and the remaining out of phase MW to dispatch equal to the sum of positive constrained Unadjusted ACEs if the minority constrained Unadjusted ACE flag =1. Or, set them equal to the sum of negative constrained Unadjusted ACEs if the minority constrained Unadjusted ACE flag = -1. 

IF(MINORTY .EQ. 1) THEN


MWINPH = SUMPOS


MWOUTPH = SUMPOS

ELSE


MWINPH = SUMNEG


MWOUTPH = SUMNEG

ENDIF

C
Set the # of ADI dispatch iterations to 0

ITER = 0

C
Start of loop B – goes up to the maximum iteration limit

C
Increment the number of iterations and go to the logic immediately after the end of loop B if the maximum C
iteration limit is violated.

200 ITER = ITER + 1

IF(ITER .GT. ITERMAX) GOTO 2000

· If the # of areas in phase >0, then set the prorated in phase ADI to dispatch this time in loop C equal to the remaining in phase MW to dispatch divided by the # of areas in phase. Otherwise, set it to zero.

· If the # of areas out of phase >0, then set the prorated out of phase ADI to dispatch this time in loop C equal to the remaining out of phase MW to dispatch divided by the # of areas out of phase. Otherwise, set it to zero.


IF(NINPH .GT. 0) THEN



PROINPH = MWINPH / NINPH


ELSE



PROINPH = 0


ENDIF


IF(NOUTPH .GT. 0) THEN



PROUTPH = MWOUTPH / NOUTPH


ELSE



PROUTPH = 0


ENDIF

C
Start of loop C – loops through each area


DO 400 I = 1, NAREAS

C
Go to the end of the loop if the “this time active Satellite” status is inactive.


IF(ACTIVE(I) = 0) GOTO 400

C
Skip this area if its ADI is already equal in magnitude and opposite in sign of its constrained Unadjusted ACE

IF((ABS((ADI(I) + CUNADJACE(I))) .LE. .001) GOTO 400

· If the constrained Unadjusted ACE is in phase with the majority constrained ACE, but taking all of the prorated in phase ADI to dispatch this time would cause a sign change or a zero value in the resultant constrained Unadjusted ACE, then decrement the # of areas in phase, decrement the remaining in phase MW to dispatch by the # of MW being assigned to the ADI term, and set the ADI term equal to the negative of the constrained Unadjusted ACE.

· If the constrained Unadjusted ACE is in phase with the majority constrained ACE, and, all of the prorated in phase ADI to dispatch this time would not cause a sign change or a zero value in the resultant constrained Unadjusted ACE, then add the prorated in phase ADI to dispatch this time to the ADI and decrement the remaining in phase MW to dispatch by the prorated in phase ADI to dispatch this time.

· If the constrained Unadjusted ACE is out of phase with the majority constrained ACE, but taking all of the prorated out of phase ADI to dispatch this time would cause a sign change or a zero value in the resultant constrained Unadjusted ACE, then decrement the # of areas out of phase, decrement the remaining out of phase MW to dispatch by the # of MW being assigned to the ADI term, and set the ADI term equal to the negative of the constrained Unadjusted ACE.

· If the constrained Unadjusted ACE is out of phase with the majority constrained ACE, and, all of the prorated out of phase ADI to dispatch this time would not cause a sign change or a zero value in the resultant constrained Unadjusted ACE, then subtract the prorated out of phase ADI to dispatch this time from the ADI and decrement the remaining out of phase MW to dispatch by the prorated out of phase ADI to dispatch this time.

IF((MINORTY * CUNADJACE(I)) .LT. 0) THEN


IF((ABS(PROINPH)) .GE. (ABS((CUNADJACE(I) + ADI(I))))) THEN



NINPH = NINPH –1



MWINPH = MWINPH + CUNADJACE(I) + ADI(I)



ADI(I) = -CUNADJACE(I)


ELSE



ADI(I) = ADI(I) + PROINPH



MWINPH = MWINPH – PROINPH


ENDIF

ELSE


IF((ABS(PROUTPH)) .GE. (ABS((CUNADJACE(I) + ADI(I))))) THEN



NOUTPH = NOUTPH –1



MWOUTPH = MWOUTPH - CUNADJACE(I) – ADI(I)



ADI(I) = -CUNADJACE(I)


ELSE



ADI(I) = ADI(I) – PROUTPH



MWOUTPH = MWOUTPH – PROUTPH


ENDIF

ENDIF

C
End of loop C – loops through each area

400
CONTINUE

C
If there are more in or out of phase ADI assignments to be made, try to do another iteration.

IF(((ABS(MWINPH)) .GE. (.001)) .OR. ((ABS(MWOUTPH)) .GE. (.001))) GOTO 200

End of loop B

Find the algebraic sums of the ADI values, and if they are not real close to zero, then issue an alarm and then set them to zero.

2000 ADINET = 0

               DO 3000 I = 1, NAREAS

ADINET = ADINET + ADI(I)

3000 CONTINUE

IF((ABS(ADINET)) .GE. .01) THEN

DO 3100 I = 1, NAREAS



ADI(I) = 0

3100 CONTINUE

Issue an alarm

ENDIF

· Construct the timestamp for the end of this run and send it to the satellite areas in STMPOUT

· Prepare ADI values and their timestamps to send them to the available Areas

· Send them out

END

Appendix D – Regional ACE Related Data in NYISO EMS Database

Unadjusted ACE values for each Satellite Site (IMO, NB, NE, and PJM) must be telemetered to the Master Site (NYISO). The following ACE values are already telemetered and saved in the NYISO database:

PTID
Data Item (Label)

31553
OH-ACE

31534
PJM ACE

31535
NEPEX ACE     

31536
NPCC-PJM ACE  

Maritimes’ ACE will need to be added.

Other Related Data in the NY ISO real-time Database  

PTID
Data Item (Label)

31661
 MANITOBA SCHEDULE

31650
 MICHIGAN SCHEDULE  

31652
 MINNESOTA SCHEDULE

31548
 MANITOBA NET SCHEDULE LIVE 30SEC 

31549
 MICHIGAN NET SCHEDULE LIVE 30SEC 

31550
 MINESOTA NET SCHEDULE LIVE 30SEC

31537 
OH-MICHIGAN   

31538
OH-MANITOBA

23263
MANITBA-ONTARIO

23227
MICH-ONT

23146 
N.E. NET

23148 
PJM NET           

23149 
TIME ERROR        

23150 
NPCC ERROR        

23151 
NPCC SCHED SETTR  

23152 
NPCC FREQ BIAS

23280 
NPCC INTERCHANGE SUB SETTER

Appendix E – Sample FORTRAN for Timestamp Validation

C


C
ADITIME  – HHMMSS TIMESTAMP PROVIDED BY THE MASTER SITE

C
ADITIMEL- LIKE ADITIME, BUT IT IS ADITIME’S VALUE AT THE TIME OF ITS LAST

C


OBSERVED CHANGE BY THE SATELLITE

C
CURCHECK – VARIABLE USED TO DEAL WITH CROSSING A DAY BOUNDARY

C
CURHH – HOUR OF DAY STRIPPED OUT OF CURRENT TIME IN HHMMSS FORMAT

C
CURMM – MINUTE WITHIN HOUR STRIPPED OUT OF CURRENT TIME IN HHMMSS

C
CURSS – SECONDS WITHIN MINUTE STRIPPED OUT OF CURRENT TIME IN HHMMSS

C
CURTIME – CURRENT SATELLITE TIME IN HHMMSS

C
LIMTARDY – TIME LIMIT IN SECONDS AFTER WHICH THE SATELLITE DEEMS THE 

C


ADI VALUE TO BE STALE

C
OBCHANGE – SATELLITE TIME IN HHMMSS THAT ADITIME WAS 

C


OBSERVED TO CHANGE

C
OBHH – HOUR OF DAY STRIPPED OUT OF TIME OF LAST OBSERVED CHANGE

C
OBMM – MINUTE WITHIN HOUR STRIPPED OUT OF LAST OBSERVED CHANGE

C
OBSS – SECONDS WITHIN MINUTE STRIPPED OUT OF LAST OBSERVED CHANGE

C
OBTOTSEC – ABSOLUTE SECONDS WITHIN DAY OF LAST OBSERVED CHANGE

C
STALE

- JUST A STUPID VARIABLE MADE UP TO SHOW THE DECISION

C



MAKING PROCESS

STALE = NO

IF(ADITIME .NE. ADITIMEL) THEN


ADITIMEL = ADITIME


OBCHANGE = CURTIME

ELSE



OBHH = OBCHANGE/10000



OBMM = (OBCHANGE – (10000 * OBHH))/100



OBSS = OBCHANGE – (10000 * OBHH) – (100 * OBMM)



OBTOTSEC = (3600*OBHH) + (60*OBMM) + OBSS



CURCHECK = CURTIME



IF(OBCHANGE .GT. CURTIME) THEN




CURCHECK = CURCHECK +240000



ENDIF



CURHH = CURCHECK/10000



CURMM = (CURCHECK – (10000 * CURHH))/100



CURSS = CURCHECK – (10000 * CURHH) – (100 * CURMM)



CURTOTSEC = (3600*CURHH) + (60*CURMM) + CURSS



IF((OBTOTSEC+LIMTARDY) .LT. CURTOTSEC) THEN




STALE = YES



ENDIF

ENDIF 

� Potishnak, M., “Summary of the Regional ACE ADI Experiment,” CO-1 Working Group Report to NPCC TFCO, October 19, 2000.


� ISO-NE has estimated that 240 hours of effort of software personnel are needed to support design, coding, system integration, testing, display building, and training (as of March 2001).
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