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Transmission Planning Criteria
I. Scope
Cleco Power’s Transmission Planning criteria serve as a guideline when analyzing transmission models for purposes involving system operations and planning.  The principles set forth in this document shall not violate or supersede any applicable transmission planning or operational criteria by those governing bodies who exercise authority over Cleco Power’s transmission system; however accommodations may be made for the local system configuration which augment the policies of the aforementioned authorities.  Most notably amongst these entities are the Federal Energy Regulatory Commission (FERC), North American Electric Reliability Council (NERC) and the Southwest Power Pool (SPP) who is the regional transmission organization which Cleco Power is a member utility.   Specifically, within section 3.3.1 of the SPP criteria mandates that all members may develop Planning Criteria that shall, at a minimum, conform to NERC Planning Standards and SPP Criteria.   
The focus of these Transmission Planning criteria is on how Transmission system models are evaluated for reliability purposes.  It does not address how Transmission System models are created.  Model development is a subject best addressed by the processes exploited by the SPP Model Development Working Group used to employ these system representations.
II. Definitions

Cascading Outages – This describes the condition of the Transmission System or a model thereof whereby a particular transmission system element outage will lead to another element outage in succession over a wide area potentially impacting the Bulk Electric System.

FERC – Federal Energy Regulatory Commission, an independent federal agency which regulates interstate electricity transmission, natural gas and oil.  FERC has appointed NERC to enforce standards that ensure the reliability of the bulk electric system.
Mitigation Plan – A series of steps which are to be taken in order to correct or remove transmission system inadequacies found during the transmission planning process when studying transmission models.  Typically these plans contain a scheduled series of action items taken along with completion dates or steps taken to prevent the undesirable condition from occurring.  These plans are deemed viable or effective if they are able to return all system voltages, facility power flows and other system parameters to a reliable operating point.
NERC – North American Electric Reliability Corporation ensures the reliability of the bulk electric system through the development and enforcement of FERC approved reliability standards.  This is a self-regulated organization operating with the FERC legal authority to enforce reliability standards with all U.S. users, owners, and operators of the bulk power system.
Nominal Voltage – Transmission System elements are designed and classified by their root-mean-square, phase-to-phase voltage.  Typically, facilities 69KV and above are evaluated within the scope of the transmission system models. 

Operating Guide – A procedure or action plan established to rectify a potential unreliable operation within an area of the transmission system under defined conditions.  This plan usually consists of a series of steps taken when certain triggering events occur on the transmission system.  

Planned Projects – Typically this term addresses all future, budgeted activities involving the installation of new facilities, reconfigurations, and upgrades.  The rationale is that these tasks are commitments with allocated monies which will be eventually completed, if not at the current specified date. 
Southwest Power Pool – The NERC approved Regional Transmission Organization authorized by FERC to ensure reliable supplies of power, transmission infrastructures and competitive wholesale prices of electricity. They oversee NERC compliance enforcement and reliability standards development.
Stability – The AIEE (American Institute of Electrical Engineers) defines this term, when referenced to a power system, is that attribute of the system, or a part thereof, which enables it to develop restoring forces between the elements, equal to or greater than the disturbing forces so as to restore a state of equilibrium between the elements.
III. Criteria Appraisal and Update
Annually, a review of Cleco Power’s Transmission Planning Criteria will be made, taking into consideration stakeholder feedback, in order to ensure its conformity with industry standards established by FERC, NERC, and SPP. 

Changes and additions will be evaluated utilizing prudent planning judgment for congruence with applicable regulatory authority mandates and applicability.  A draft proposal will be drawn up and once approved by Cleco Power; shall be posted for stakeholder review. 

IV. Evaluation of Transmission System Modeling

Transmission System models are evaluated using an applicable version of Siemens’ Power System Simulator for Engineering (PSSE) software tools to analyze, simulate and optimize system operations.  Typical studies include load flow, short circuit analysis and stability focusing on the effects of Cleco Power’s system on the greater bulk electric system and vise-versa. 
Transmission System models shall include: all available Reactive Power resources, existing and Planned Projects, control devices, applicable equipment or facility outages and Firm Power Transactions pertinent to the model’s time frame.

Contingency analysis is performed by the aforementioned application by taking out transmission system elements individually and performing calculations to mimic system operations.  Double or multiple contingency analyses may be performed as well where more than one element is taken out concurrently before making the calculations.
Study results are gauged according to the criteria that are mandated by the NERC Transmission Planning Standards and of those augmentations specified by the SPP within their published Regional Transmission Planning Criteria.  Specific measures gleaned from the governing transmission planning criteria are given in the next section to demonstrate what the study results are specifically compared to.
V. Modeled System Response Measures 

Presently NERC Planning Standards use a series of classifications to determine which measures are used to gage system performance.  These classifications are based primarily on how many facilities are taken out of service concurrently when the software evaluates the effect on other facilities within and without the Cleco Power footprint.  Undesired results would be power flows on system elements that would exceed thermal limits and voltage level excursions outside of a specified range.  In other words, Cleco Power planning examines post-contingency steady-state conditions including that of stability, overload, cascading, and voltage collapse.  

The various mechanisms that may be used to analyze models are given below and as aforementioned, are based on NERC standards. 
1. Category A: No Contingencies (All facilities in service)                                              NERC Transmission Planning Standard TPL-001 evaluates a model under normal conditions with all facilities in service.  The program will perform its calculations without taking any additional facilities out of service to those that were originally modeled that way.  










The operation of the model is validated by the comparison to the following measures:

· There are no cascading outages.

· Transmission system buses will remain within plus or minus 5% of their nominal or applicable voltage rating as per SPP criteria 3.

· Transmission element power flows shall be within applicable thermal limits as defined in SPP Criteria.
· Steady-state and dynamic stability of the transmission system shall be maintained.  Transients are properly dampened.
· All modeled Firm Power Transfers and all Firm Customer Demands shall not have to be curtailed in order to meet measures.
· Established Mitigation Plans, Special Protection Systems, Operating Guides, Upgrade Projects, or system reconfigurations must be identified to rectify any deviations from mandated thermal or voltage limits. 

2. Category B: Loss of a Single Element                                                                                              NERC Transmission Planning Standard TPL-002 evaluates a model under single contingency conditions.  The program performs its calculations after taking out transmission elements ( as defined in NERC Table I) out of service one at a time and then reporting to the user those elements that violate the parameters they set.  Radial loads are allowed to be interrupted only if the transmission element being taken out is their sole feed.  This allowance is mentioned in SPP Criteria 12.3.1.1.



       

The operation of the model is validated by the comparison to the following measures:

· There are no cascading outages.

· Transmission system load serving buses will remain within plus or minus 10% of their nominal or applicable voltage rating as per SPP criteria 3.3.1e.

· Transmission element loadings shall be within the applicable thermal limits defined within SPP Criteria. 

· Angular and voltage stability of the transmission system shall be maintained.

· All modeled Firm Power Transfers and all Firm Customer Demands shall not have to be curtailed in order to meet measures (except that allowed in NERC Table I footnote b).
· Established Mitigation Plans, Special Protection Systems, Operating Guides, Upgrade Projects, or system reconfigurations must be identified to rectify any deviations from mandated thermal or voltage limits. 

As mentioned above, NERC Table I footnote b states:
Planned or controlled interruption of electric supply to radial customers or some local Network Customers connected to or supplied by the Faulted element or by the affected area, may occur in certain areas without impacting the overall reliability of the interconnected transmission systems.  To prepare for the next contingency, system adjustments are permitted, including curtailments of contracted Firm (non-recallable reserved) electric power transfers.

NERC Table I list the types of contingencies as Single Line Ground or 3 Phase Faults, with normal clearing for the following:

· Generators
· Transmission Circuits

· Transformers
3. Category C: Loss of two or more elements  




               Category C of NERC Transmission Planning Standard TPL-003 offers choices from NERC table I in deciding the most appropriate impact albeit they deal with mostly with stability.  Nonetheless the following are the conditions by which the model study results are measured.
-
There are no cascading outages.
· Transmission system load serving buses will remain within plus or minus 10% of their nominal or applicable voltage rating as per applicable SPP criteria.

-
Transmission element loadings shall be within the applicable thermal limits. 

-
Angular and voltage stability of the transmission system shall be maintained.

-
All modeled Firm Power Transfers and all Firm Customer Demands shall not have to be curtailed in order to meet measures (except that allowed in NERC Table I footnote b).

-
Established Mitigation Plans, Special Protection Systems, Operating Guides, Upgrade Projects, or system reconfigurations must be identified to rectify any deviations from mandated thermal or voltage limits. 
Cleco Power utilizes these contingency events in conjunction with the SPP regional modeling process.  Sometimes it may be prudent transmission practice to utilize multiple contingency analyses when considering certain improvements to the system reliability.  System inadequacies identified in performing this type of analysis may be rectified utilizing such means as operating guides, mitigation plans, bolstering of exiting facilities, the addition of new transmission components and system reconfiguration.   

Cleco Power may employ additional measures in congruence with footnote C of NERC Table I such as load shedding, planned removal of generators, and/or the curtailment of contracted Firm transfers.
4. Category D: Extreme Bulk Electric System Events 
Assessment of a model utilizing NERC Transmission Planning Standard TPL-004 involves the study of major transmission system occurrences whose consequences could have a substantial effect on the transmission system.  A choice of scenarios is available in order to determine the effects on the transmission system to severe stresses.  Notably these studied occurrences would result in the loss of multiple transmission facilities. 
Such scenarios can include simulation of a stuck breaker or a protection system failure resulting in a delayed clearing of a three-phase fault or the loss of the following:  all generators within a plant, substations, transmission lines within a common right-of-way, tower-line with three or more circuits (excluding short distances as stated in footnote d of NERC Table I) or a large load center.  A determination of which situation would be prudent would be documented along with the procedures to rectify or eliminate the severity of the effects especially when without such would possibly lead to an uncontrollable cascade of outages within the Bulk Electric System and/or greater system instability.
VI. Ancillary Transmission System support 
There are times when the Cleco Power Transmission System must employ various processes to deal with reliability issues that may arise in either normal or under special conditions.  These actions may take the form of operating guides, mitigations plans, or system reconfigurations which are used to rectify some sort of system deficiency either found under normal operations (real-time) or under post contingency situations.  Typically, these efforts are retained for transmission load relief, voltage excursions, and stability purposes.

These methods are coordinated with neighboring systems in compliance with good utility practice as well as those requirements with applicable NERC Standards.  They can be developed as a result of the annual model development process or whenever deemed necessary albeit all such processes must be review annually for their pertinence.  
VII. Stability Analysis 

When an interconnected system of generators experiences a fault, a protective device normally clears it within a specified time frame.  This creates a disturbance on the network which in order to remain stable, must be able to absorb an amount of resulting energy.  This Transient Energy moves the generators away from their equilibrium point (swing) and thusly converts itself into kinetic energy within the units.  For the system to maintain its synchronicity, it must be able to absorb the transient energy while internal forces within the generators are trying to establish new equilibrium positions.  If the system is unable to convert enough transient energy into potential energy, then there is a tendency for generator excitation controls to move erratically failing to re-establish their original equilibrium point yielding in the network becoming unstable. 

Model Stability Analysis is therefore based on the premise that the system shall remain stable both within the Cleco Transmission System and those systems directly connected to it subsequent to the loss of a vital system element or a fault which is typically a generator or transmission circuit.  Typically the disturbances with the most impact on stability are 3-phase faults located on the high-side voltage bus at the generator.  Swing curves are reviewed to reveal whether or not other generators (i.e. without the disturbance) will synchronize (i.e. remain “in-step” with each other) properly their outputs following the disturbance.  If the system is to remain stable, the undisturbed generators will respond to the fault and in doing so will tend to increase the generation angles between pairs of machines.  Once the maximum difference is obtained, then their angle differences decrease and become more in sync with each other.  If on the other hand the angle between any two machines increases without limit, then the system can be judged to be unstable.   
1. Steady-State Stability
Steady-State Stability analysis determines the maximum amount of power transfer that can be maintained without disturbances while maintaining proper synchronization with generators both on and off the Cleco Power System.  These generators should be operating at some steady equilibrium state.
Operation of the Cleco Transmission System should not exceed the steady-state stability transfer limit of 
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  which would result in unforced service discontinuities.  System interconnections may be opened to maintain steady-state stability in a post contingency scenario on adjacent systems if necessary.  
2. Dynamic Stability
Disturbances occurring on a system that result in small system state changes are considered to be small perturbations or disruptions in equilibrium.   Load changes occurring in a random fashion can be thought of as an example of this type of disturbance.   If such a perturbation is small enough so that nonlinear differential equations used to study system dynamics around the operating point can be linearized, such stability problems are known as dynamic stability studies. 
When performing these studies frequency should be maintained without the shedding of load due to protective device activity in post single contingency scenarios.  Under-frequency load shedding should be employed in maintaining frequency for post double-contingencies on the Cleco and adjacent systems.
3. Transient Stability
Large transmission system disturbances are used when performing Transient Stability Studies.  These types of disruptions in system equilibrium can occur as a result of a loss of a large generator unit, major transmission facility or a large load as well as faults.  
It’s the object of running this type of study that all generating units will remain in an equilibrium state and be in step (synchronous) with other units on Cleco Power’s system as well as those on connected networks even after a major disturbance.  The worst case scenarios are 3 phase faults in close proximity to a generator’s high voltage bus, however this fault is assumed to be cleared within 5 to 6 cycles.
There are several considerations that should be allowed when performing these types of studies. 
· The effect of slow short circuit clearing as a consequence of improper relay operation.  Critical clearing times should be determined for key circuit breakers.

· Occurrence of serious contingencies not only on the Cleco Power system, but also on adjacent power systems where a major contingency might involve the cleco Power system or portions thereof in a cascading incident.  

· Anticipated bias or power flow conditions imposed on the Cleco Power Transmission System as part of the interconnected grid.

VIII. Short Circuit Analysis 

Short Circuit Analysis is the simulated placement of a fault on a transmission element in order to determine the fault impedance of a particular piece of equipment such as circuit breakers.  From this simulation, the maximum fault current is ascertained and hence the fault duty (Max. fault current/ rated current) and associated impedance.  This analysis may be applied to circuit breakers and other protective devices as well as bus sections and bars.
This methodology utilizes all of the facilities within the Cleco Power Transmission System including all generators which are modeled on-line as well as all facilities being in-service. Depending on the nature of the study, adjoining transmission systems may be represented as an equivalent system which reduces the complexity of the model, but has no effect on the results.   

The results from the above simulation are shared with Cleco Transmission Planning for incorporation into their planning models.  This information in particular is useful in stability analysis and in determining when a device has become over-dutied and is in need of replacement.  Cleco Transmission System Planning and Cleco System Protection will coordinate efforts to determines future transmission improvements if short-circuit studies indicate a circuit breaker has the possibility of exceeding its interrupting capacity.  System Protection will begin the replacement process of a unit with a higher interrupting capacity if such a threat to the breaker capacity is found.
IX. Substation Principles 

There are two major categories of substations that Cleco Power recognizes: Bulk Power and Load Supply substations.  Bulk Power Substations, are those whose main purpose is the delivery of bulk power to Cleco Power Load Centers from generating sources, either owned by Cleco or other entities, whereas Load Supply Substations deliver power to a local load center connected to the Cleco Distribution System.  
1. Bulk Power Substations 
Characterized by three or more transmission circuits or by any number of generators.  In these stations, circuit breaker additions should be made to protect the integrity of the bulk power system in addition to maintaining service reliability standards to loads which may be served by these stations.  To protect the bulk power system’s integrity, circuit breakers should be arranged as follows:

a. A separate circuit breaker should be provided for each transmission circuit in a firm bus configuration as a minimum (see Fig. 1).  Wherever possible, a main and transfer bus should be provided for easy circuit breaker maintenance.  Disconnect switches should always be included to facilitate easy substation equipment maintenance.
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Figure 1 Firm Bus Configuration
b. Substations with 3 to 4 transmission circuits should utilize a ring bus configuration (See Fig. 2).  Disconnect switches should always be provided.  Motor operators may be included for line disconnect switches where applicable.
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Figure 2 Ring Bus Configuration
c. Substations planned for five or more ultimate circuits should be laid out for a breaker and a half bus arrangement (See Fig. 3).
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Figure 3 Breaker and a Half Configuration
These guidelines are meant to ensure that an applicable single contingency on a Cleco Bulk Power facility will not result in a pertinent reliability parameter violation on any other transmission element or a collapse of any portion of the Bulk Power System.

2. Load Supply Substations
These substations are characterized by one or more load distribution transformers that step the transmission voltage down to distribution voltages of 34.5KV or 13.2KV.  In these stations, circuit breakers or other switching and sectionalizing devices should be installed for the purpose of maintaining service reliability to the load centers served.  Consideration should be given to substation and transmission configurations to determine the recommended design as follows:
a. Radial Substations
In radial load substations, no transmission circuit breakers are required unless one is needed to reduce switching transients seen by the terminating equipment.  Sectionalizing or switching devices should always be installed to facilitate easy maintenance of substation equipment.


b. Looped Substations
In looped load substations, transmission circuit breakers and sectionalizing switches should always be provided. Substations with two transmission circuits may have only one circuit breaker provided there are two distribution transformers and each is capable of carrying the full peak substation load (See Fig. 4).  If both transformers are required to carry the substation peak load to prevent overloading one unit, or if only one distribution transformer is present, two circuit breakers should be provided as a minimum (See Fig. 5).
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Figure 4 Split Bus Configuration
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Figure 5 Firm Bus Configuration
c. Looped Substations with two or more Transmission Circuits
Where two or more Transmission Circuits are located within a looped substation, a full main and transfer bus should be provided (See Fig. 6) except where physical space is a problem or economics dictate otherwise.  Substations with 3 to 4 transmission circuits should have a ring bus (See Fig. 2).  Substations with five or more ultimate circuits should be laid out for a breaker and a half bus configuration (See Fig. 3).

Following these design guidelines should help to ensure that a reasonably probable single contingency on any transmission circuit will not cause loss of substation load or energy curtailment in any way.
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Figure 6 Main & Transfer Bus
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