	

	1)  Individual or group.
    Individual 

	

	2)  Name
    Barry Francis

	3)  Organization
    Basin Electric Power Cooperative

	4)  Telephone
###-###-####
    701-557-5642

	5)  E-mail
    bfrancis@bepc.com

	6)  NERC Region (check all Regions in which your company operates)
    MRO 
    WECC 

	7)  Registered Ballot body segment (check all industry segments in which your company is registered)
    1 - Transmission Owners 
    3 - Load-serving Entities 
    5 - Electric Generators 

	Summary Considerations:

· Many of his comments seem predicated on an assumption that PRC-006 performance characteristics (R6) would apply to UFLS program percentages and load-gen imbalances over 25 percent as well as 25 percent.

· Coordination should be required but unsure how to resolve potential conflicts. Programs should be developed by the Regions. [I agree that coordination with neighboring regions is required, but I do not know how to resolve differences of opinion between regions. Perhaps this is nothing to worry about since it is likely to take care of itself. Are we trying to reach a consensus between regions, or just trying to share information and to create a forum for discussion? Obviously where breakups cause islands that straddle different NERC regions, we need to jointly evaluate that island. Even if this coordination is only to share information, it still allows everyone to learn from each other and is going to be quite valuable.]

· This standard seems to be driving towards lowest common denominator

The SDT believes that what is behind the majority of the commenter’s comments is a concern over sub-regional UFLS programs that need to be substantially more than 25
 percent.

First, the SDT would like to clarify a possible misconception held by the commenter: The performance characteristics in R6 of the draft PRC-006 standard would NOT apply to UFLS program percentages and load-generation imbalances over 25 percent.  It is correct that the generator off-nominal frequency tripping limits contained in the draft PRC-024 standard would apply at any UFLS percentage and imbalance.  However, a UFLS program capable of shedding more than 25 percent of a system’s load would only need to comply with the performance characteristics up to a 25 percent load-generation imbalance.  Beyond a 25 percent load-generation imbalance, a UFLS program would be on its own, or else the Planning Coordinators within a region could devise other performance characteristics that would apply under load-generation imbalance scenarios greater than 25 percent.

The SDT understands the concern over bigger sub-regional UFLS programs.  The SDT recognizes that a 60 percent capable UFLS program, for example, may have trouble complying with the performance characteristics even under a 25 percent load-gen imbalance scenario.  The SDT is not convinced that it would be impossible to comply, but can see that it could be more difficult.

The commenter does not seem to acknowledging
 the need for coordination among interconnected regions, a consideration that has weighed heavily in the SDT’s deliberations.  This may be because coordination can become troublesome in the presence of bigger programs.  A bigger program in an exporting sub-region with limited interconnecting transmission, for example, is likely to set up further system separations should a UFLS event occur across a larger area.  On the other hand, a bigger program in an importing sub-region should not cause coordination difficulties.  The SDT has determined that the approach that is least intrusive on the flexibility to set UFLS design parameters within a region, but that addresses the need for inter-regional coordination, is to establish continent-wide performance characteristics as are now in the draft standard.

The SDT disagrees that there is a need to radically modify the two standards as the commenter is suggesting.  Most of the North American systems have UFLS programs in the 25-30 percent of load range and should have no difficulty in complying with the draft performance characteristics.  The Planning Coordinators within a region are not obligated by the draft standard to constrain the size of sub-regional programs for the sake of interregional coordination or any other reason.  If necessary, a regional variance may be proposed.

The commenter’s comments on PRC-024 seem predicated on an assumption that GOs will set their relays on this curve.  This may be a valid concern in the unregulated environment.  The SDT suggests the commenter comment on the draft PRC-024 standard on this point.  Nonetheless, generator UF tripping curves are not new.  The MRO region, even today, has such a generator UF curve (stair-step) that fairly closely tracks the draft PRC-024 curve.  Therefore, the SDT is not certain that the commenter’s comments regarding coordination of UFLS with generator tripping and elimination of these curves have been found necessary even in regions having sub-regional UFLS programs substantially greater than 25 percent.  (Note: the commenter should re-review draft PRC-024 Attachment 1, Off-Nominal Frequency Capability Curve, because the time durations are longer than what the commenter has assumed in the commenter’s Question 5 comments and in section 2.17 of Question 8 comments.)


	8)  Question 1a
Do you agree that creating a continent wide standard preserves the intent of utilizing specific expertise within the regions to develop UFLS programs that meet common performance characteristics?
    Yes 

Summary of Issues - Question 1:

· Technical approach is inappropriate and the team should provide its technical justification for the performance criteria

Response: The SDT disagrees that the technical approach is inappropriate.  The technical justification for the performance characteristics lies chiefly in their coordination with generator under-frequency tripping limits in draft standard PRC-024, which in turn are based on turbine manufacturer’s permissible life-time durations at off-nominal frequencies.

· Agrees that planning coordinators are the appropriate entity to establish the program; however, there are shortcomings to this approach – limited scope and should include subject matter experts (the planning coordinator may not be the subject matter expert). The Regions should remain involved in the process of developing the programs as they have the committee structure in place to accomplish. 

Response: The team thanks the commenter for his support; however, does not see an alternate approach to assigning responsibility to the Planning Coordinator. FERC Order 672 indicates that requirements should be assigned to users, owners, operators and while the drafting agrees that the Regional Entities should be involved, the drafting team assigned the responsibility to the Planning Coordinator (a user, owner, operator). The drafting team feels that it has not precluded the involvement of the Regional Entity in the process nor precluded the Planning Coordinator(s) from electing to use their regional standards development (?)
 process (an open and inclusive process) to establish the program. 



	9)  Question 1a Comments:
    See my detailed discussion under item 8, in it's entirety, but especially my sections 3.5 and 3.6. I believe a continent wide standard may be possible if we adopt a completely different type of measure but we cannot be setting performance details up front before the study work has been performed. Different sizes of programs have different performance characteristics, so a single set of performance characteristics will not meet the needs of all parts of North America.

Response: See SDT answer under Summary Considerations above.  Most North American systems have UFLS programs in the range of 25-30 percent of load.  If a sub-regional UFLS program substantially exceeding this range cannot comply with the performance characteristics, a regional variance should be proposed.

	10)  Question 1b
Do you agree that the SDT has assigned responsibility to the appropriate entity?
    No 

	11)  Question 1b Comments:
    I do not know for sure if responsibilities are assigned to the appropriate entity, so I answered NO, when "I do not know" might have been more appropriate. To some degree, everyone needs to get involved at some level to ensure we have a loading shedding program in place to act as a saftey net. I am concerned that the transitions associated with "mandatory compliance" appears to actually be decreasing the level of coordination we have traditionally had. Good coordination is the key to ensuring reliability. Among other things, we need to keep the NERC regions involved in this process. They have the committee structure to facilitate coordination matters, and they can bring everyone together to jointly focus on the issues.

Response: See above.

	

	12)  Question 2:
The SDT has strived to draft the applicability in a manner that includes all load while avoiding assigning applicability to more than one entity for the same load. The Functional Model indicates the Distribution Provider is not defined by a specific voltage, but rather as performing the Distribution function at any voltage. Considering the Functional Model definition of Distribution Providers please indicate whether you believe it is necessary to assign applicability to "Transmission Owners with end-use Load connected to their Facilities where such end-use load is not part of a Distribution Provider's load”.
    No 

	13)  Question 2 Comments:
    It seems OK to consider transmission owners with end-use load connected to their Facilities as Distribution Providers, but I can see complications. How does a transmission owner with a small amount of end-use load have enough load to work with to satisfy the load shedding program description?
 This implies they would have to coordinate with someone else. Taking this concept further, it seems like we need to ensure the right program is implemented in aggregate, but not worry too much about each responsible party meeting the exact program specification. We can take advantage of one party shedding a little too much at one stage and another shedding a little less to get the right fit in the end. This is sort of taking advantage of offsetting errors. This implies some type of group coordination based on geographic area is needed to ensure the collective load shedding need is fulfilled.

Response: TBD

	Summary of Issues – Question 3:

1. Planning Coordinators should determine the appropriate analysis. As written, the implication is that a full transient stability program is needed to do this analysis. There are other equally valid analytical approaches, each with different strengths and weaknesses, and the group of Planning Coordinators should be allowed to use whatever tools they feel are most appropriate for quantifying this risk.
Response: Dig up response to the second posting  The Planning Coordinators are permitted to use whatever methods, tools and analyses they wish to use in coming up with the UFLS program design and parameters.  The draft standard would only require dynamic simulations of the whole regional system or the islands in the periodic UFLS assessments (R7).
2. Should try to prevent units from tripping off before the UFLS program plays out
Response: We agree but the only way to ensure units don’t trip before UFLS plays out is to set requirements in the standard. The drafting team will forward the comments regarding the PRC-024 standard to the Generator Verification team. 



	14)  Question 3:
The proposed continent-wide standard requires that Planning Coordinators model the trip settings of any generators that trip at or above 58.0 Hz (Requirement R8) when verifying through dynamic simulation that the UFLS program design is adequate to meet the continent-wide performance characteristics specified in Requirement R6. 

Do you agree with this approach to ensure that effectiveness of the UFLS program is not jeopardized by units that trip at or above the minimum frequency (58.0 Hz) at which the UFLS program may arrest frequency decline? 
    No 

	15)  Question 3 Comments:
    Some type of risk assesment is needed, but a dynamic simulation may not always be appropriate if there are other ways to get the answer we are looking for. This subject, and related topics, are addressed in the comprehensive discussion I included under item 8. Please consider all of my comments under item 8 to understand my concerns. 
    
    First of all, in some instances a regional (or subregional) load shedding program sheds more than the required minimum of load. A consequence is the expected minimum transient frequency will probably be below 58 Hz, at least for some set of conditions, so we are going to interpret "58 Hz" as 58 Hz or the minimum expected transient frequency of the regional (or subregional) program. This revised definition is what we consider to be important.
     
    Some of the older wind generation will trip early due to inherent instability of that type of induction generation. This is not a planned activity, but it is still loss of additional generation. In MRO we felt the present magnitude of this impact was small (and unpredictable) and it could be included as part of the original assessment of the total load shedding requirement. (This will have to be reconsidered as additional wind generation is added.)
     
    MRO expects that newer wind generation and virtually all of the conventional generation will be able to accommodate the generation off-nominal frequency tripping time delay requirements proposed by MRO. As far as we are aware, it appears the sole exception are owners of one model of gas turbine who may want to trip instantly at frequencies such as 58.2 Hz rather than accept brief dips below 58.2 Hz. In WECC, owners of similar units managed to comply with the comparable WECC generation off-nominal frequency tripping time delay standard. We hope this will be how it plays out in MRO after owners of these types of gas turbines take a closer look and their options. 
    
    MRO does not encourage the practice of premature tripping of generation but we made a provision in the MRO UFLS program definition to allow premature tripping on underfrequency provided it meets certain provisions. This provision also applies to small non-utility generation which might be on a feeder that is tripped with load. Basically we require a nearly identical size block of load to be shed at nearly the same time and location to compensate. Owners who wish to do this should have some responsibility to demonstrate they can satisfy this provision. The burden of proof should be on those who want an exclusion. 
    
    At this point we believe that the group of Planning Coordinators (or the applicable study group in general) should decide on the appropriate analysis method to review impacts. They can decide if such loss of additional generation is significant or not. If we are only dealing with one or two small units on a large system, then this hardly needs further study other than to demonstrate it is feasible to trip additional load at the time the generation trips. As far as assessments go, we feel there are various approaches that can be taken to do this type of risk assessment. As written, the implication is that a full transient stability program is needed to do this analysis. There are other equally valid analytical approaches, each with different strengths and weaknesses, and the group of Planning Coordinators should be allowed to use whatever tools they feel are most appropriate for quantifying this risk.
    
    There are even ways to assess the risk of having units trip off early that do not rely on simulations, but instead just quantify the additional overload burden this adds to the island. 
    
    Let engineers figure out how to study the problems using whatever tools, methods, and calculations they feel are appropriate. However, as a general principle, we should try to prevent units from tripping off before the UFLS program plays out. Even more important, we should not allow any generation to trip via dedicated overfrequency relays (other than tripping actions directly or indirectly related to the inherent factory installed load rejection protection that we do not want to be messing with). The one exception would be when overfrequency tripping of generation is a planned activity that is a feature of the UFLS program used to rebalance load and generation.

	

	16)  Question 4:
The SDT added a requirement that requires the Planning Coordinators model, in the five year assessments, any automatic load restoration that is designed to assist in stabilizing system frequency (Requirement R9). The team decided to add this requirement as a result of a comment during the first posting. Do you agree that this requirement is necessary for reliability? 
    Yes 

	17)  Question 4 Comments:
    Any automatic feature of the load shedding program should be modeled in the ULFS Program assessment.

Response: The SDT agrees.

	

	18)  Question 5:
The SDT added a requirement in the underfrequency load shedding performance characteristics that requires (in simulations) frequency to not remain below 58.2 Hz for greater than four seconds cumulatively per simulated event (Requirement R6.2). The SDT added this requirement to better coordinate with the Generator Verification Project (PRC-024) tripping curve. Do you agree with this additional requirement?
    No 

Summary of Issues – Question 5:

1. The team should provide technical justification for the performance criteria

Response:  See SDT response above.  The technical justification lies in coordination with generator off-nominal frequency tripping.

2. Overall load shedding performance and coordination with generation protection should be evaluated at the regional level (not continent wide level – inferred)

Response: The creation of a continent-wide standard does not prohibit the creation of Regional Standards for UFLS. Regional Entities may develop other performance requirements through Regional Standards or Regional Variances as outlined in the NERC Rules of Procedure. This approach still allows each region to develop requirements that meet the specific needs of the region while still maintaining a continent-wide level of reliability.

3. Canadian portion of MRO cannot meet the performance criteria and MRO cannot meet the timeframe established in requirement R6

Response: The team will be proposing a curve instead of three discrete points. This change may address the concerns with this requirement. Based on the revised requirements (reference revised requirements) MRO should evaluate if a Regional Variance is required. Come back to this… 

4. Setting specific off-nominal frequency limits / criteria up front effectively sets the limit on how much load can be shed and drives all load shedding programs to the lowest common denominator which will reduce reliability

Response: For an imbalance up to and including 25% these performance characteristics must be met; however, the proposed standard does not include requirements for imbalances exceeding 25%. For an imbalance exceeding 25% the Regional Entities may develop other performance requirements through Regional Standards, Regional Variances, or Regional Criteria as outlined in the NERC Rules of Procedure. 

	19)  Question 5 Comments:
    Please provide the technical justification for this performance criteria.
    
    This subject, and related topics, are addressed in the comprehensive discussion I included under item 8. Please consider all of my comments to understand my concerns.
    
    We understand the SDT wants to ensure load shedding programs achieve quick frequency recovery and minimize underfrequency exposure. However we do not feel this requirement is the right way to go about that. This type of criteria is overly specific and should not be in the NERC standard. The recently developed MRO UFLS program which sheds 30% of system load appears to meet this criteria, but the Canadian portions of MRO which have higher load shedding requirements are unlikely meet this criteria. Aggressive load shedding programs in general will probably not satisfy this requirement. Frequency recovery, overall load shedding performance, and coordination with generation protection, should all be evaluated at the regional level by those who do the technical analysis of regional load shedding programs. In addition to study work, a lot of common sense needs to be applied. Several things need to be discussed to clarify our position.
    
    First of all, we do not agree with the direction taken in PRC-024 to define off-nominal frequency settings for generation. That should never have been included as part of PRC-024. No technical justification was ever provided for the generation protection frequency setpoints and time delays suggested in PRC-024, and those setpoints and delays do not necessarily reflect actual equipment capabilities. NERC should not be defining generation off-nominal frequency protection standards such as those in PRC-024 unless this is only intended to be a starting point that can be adjusted, as needed, based on results of actual study work. It takes study work to define the expected worst case frequency recovery times of the load shedding program and off-nominal frequency exposure is strongly affected by the size of the load shedding program. Setting specific off-nominal frequency limits/criteria up front effectively sets the limit on how much load can be shed and drives all load shedding programs to the lowest common denominator. Obviously that will reduce reliability. Programs which shed more than the minimum required load will inherently experience lower frequencies and spend more time below 58.2 Hz. 
    
    We believe that load shedding program design should be based on achieving the quickest frequency recovery that is possible subject to satisfying all of the other conflicting design requirements and constraints, such as minimizing overfrequency problems, and in the end you are left with the engineering realities of what settings are needed on turbine/generator protection to achieve coordination. The folks who do the analysis at the Region level are in the best position to judge what is appropriate in the end. Final recommendations for turbine/generator protection will involve trade offs and compromises that have to be resolved by engineering judgment and a good deal of common sense. 
    
    We would like to point out that the risk to generation is somewhat less than implied by the generation underfrequency protection time delay settings and that being too conservative on the generation protection side will be a risk to system reliability. Consider that if premature generation tripping occurs that we are likely to initiate cascading loss of generation and go black. (The real loss of life exposure to power plants might be the restoration process of a black start plan
, a plan which usually calls for this underfrequency protection to be disabled up front so they can pick the pieces back up.) In the context of a load shedding event, the risk to units is based on actual off-nominal frequency exposure, which is inherently something of a probability density function. For any load shedding program there are going to be certain combinations of overload and modeling assumptions where UFLS programs tend to stall out or where frequency recovery is sluggish. Think of this as narrow windows of vulnerability. For the majority of the conditions modeled, the frequency recovery is much quicker. A well designed UFLS program which is designed to force frequency recovery back towards 60 Hz can actually act as the first line of defense for generation and this is how the new MRO program was designed. 
    
    Even more troubling to MRO, and this should be equally troubling to all of the NERC Regions, are the very short time delays the PRC-024 has proposed at the higher frequencies (below 58.5 Hz for <= 10 seconds, below 59.3 Hz for <=30 seconds). In the MRO program design work, for the US portion of MRO where we have the smallest load shedding requirement, we spent approximately 8.7 seconds to 1.4 seconds below 58.5 Hz depending on what was assumed for governor response and other modeling details. The 10 second requirement for 58.5 Hz was just barely satisfied but keep in mind that we also want to set generation trip times so we have some comfortable margin between expected frequency recovery times and generation trip delays in case "real world" complications slow down frequency recovery. Likewise case work shows we will be below 59.3 Hz for 58.4 seconds to 42.5 seconds depending on governor action and other modeling assumptions. This is longer than the proposed 30 second limit. The final recommendation of the MRO program was to require generation protection to have a minimum of a 300 second delay for the frequency band between 59.0 Hz and 59.3 Hz (10 times the delay recommended in PRC-024), and a 45 minute delay for the band between 59.3 Hz and 59.5 Hz (270 times the delay recommended in PRC-024). Further, we recognize that programs which shed more than 30% of load will need to relax these settings and accept greater time delays. Keep in mind the MRO program was designed to work even if we get no net governor type of action as we use additional small blocks of load shed on delay to kick us towards 60 Hz if recovery is slow. We felt we got the quickest frequency recovery that was possible subject to all the other constraints we had to deal with, like limiting overfrequency and achieving relay coordination. We factored in considerable uncertainly into the design, but what may happen in the real world when everything else is going wrong can be chaotic and cannot always be anticipated. All of us in the industry really need to consider that when deciding how to set generation off-nominal frequency protection. Units can accept considerable time at frequencies closer to 60 Hz, and can generally operate continuously at +/- .5 Hz off of 60 Hz. The time delay associated with the 59.3 Hz setting proposed in PRC-024 is only 30 seconds which is way shorter than actual equipment capability (based on a reasonable accelerated loss of life per event). The system should be capable of operating at 59.3 Hz in excess of 30 minutes. In real life you would never want to set generation protection with a 30 second delay at 59.3 Hz. That is bound to cause trouble. In real life, the unexpected is going to eventually happen and our "perfect program on paper" will get a reality check. If frequency stalls out around 59.3 Hz, the actual equipment capability allows enough time for system operators to take manual actions. The proposed time delay in PRC-024 is too small to allow manual actions. Some may think that with a perfect automatic UFLS program that we can design things so this will not happen. Wrong, things can always get worse, Murphy's Law applies. We recognize that even the best UFLS program can fail in real life as everything else goes wrong out on the system. All load shedding gives us is a good chance of survival, but we can never assure ourselves it will always work as desired in the face of the unexpected. We need to constantly anticipate what can go wrong and eliminate as much of this inherent risk as we can, but we can never provide a safety net that will work for all modes of system failure. Here is a real world example of how we could stall out at some frequency such as 59.3 Hz (or any other frequency below 60 Hz for that matter). When load shedding occurs, there is a chance the system may break up further as tie lines between remote generation and load centers become over taxed and the two systems may lose synchronism (this cannot always be anticipated up front). The result is that subislands form where one is now surplus in generation and one has too much load. The island which is surplus in generation is now at risk of losing generation on overspeed (probably due to internal problems at each plant, especially thermal plants, that lead to random tripping that is nearly impossible to quantify). Once generation trips the island will plunge into a 2nd round of underfrequency. Fortunately loss of the first unit might allow the others to survive (i.e. steam valves can open back up) so the final imbalance might still be manageable. However in this instance, the region has already used up part or all of the automatic load shedding capability. With luck this island will settle out at some frequency where operators will have enough time to manually drop load to force frequency recovery before generator underfrequency protection trips. Once generation underfrequency protection trips the first unit, the system will cascade and go black. To give enough time to do manual load shedding at this higher frequencies, you need to set long time delays on the frequencies closest to 60 Hz.

	Summary of Issues – Question 6:

1. The team should provide the technical justification for BES busses at 20 & 75 MVA criteria

2. The v/Hz requirement does not belong in this standard (“load shedding document”) – IEEE standards already exist to address v/Hz. 

Response: The team does not think that this should not be eliminated as a requirement (THE TEAM NEEDS TO DISCUSS THIS REQUIREMENT TO DECIDE TO KEEP OR ELIMINATE) because it cannot be properly simulated because the voltage regulator V/Hz controls are not presently included in generator exciter/voltage regulator models. This characteristic supports reliability and the majority of the commenters indicated their support for this characteristic. 



	20)  Question 6:
In the first posting, the Characteristics of UFLS Regional Reliability Standards required that UFLS programs be designed to limit the potential for overexcitation (V/Hz) of power system equipment at all Bulk Electric System buses. Based on industry comments, the SDT has revised this requirement in the proposed continent-wide standard to apply only at generator buses and generator step-up transformer high-side buses associated with individual generating units greater than 20 MVA (gross nameplate rating) and generating plants/facilities greater than 75 MVA (gross aggregate nameplate rating) that are directly connected to the BES. The SDT believes this change better addresses the need to have UFLS programs designed to coordinate with protection that may trip generators during an underfrequency event. Do you agree with this change?
    No 

	21)  Question 6 Comments:
    Please provide the technical justification for this performance criteria. We are presently unaware of any UFLS event where V/Hz tripped a unit. It also seems this only applies when frequency drops below 57.2 Hz. This is discussed further in my comprehensive discussion included in item 8.
    
    This requirement should not be included because this is not a major concern. Assuming we want to study this, we will find this cannot be properly simulated because the voltage regulator V/Hz controls are not presently included in generator exciter/voltage regulator models that are used for stability simulation.
    
    The volts per hertz language does not belong in this load shedding document. Voltage regulators automatically reduce voltage according to volts per hertz when in automatic mode. Industry recommendations/standards (IEEE C37.102 or IEEE C37.106, ANSI C50.13-1989, IEEE C57.12.00-2000) already exist to address volts/Hz. If voltage regulators fail, or are in manual control, then there is additional volts/Hz relaying to trip generation if needed. We believe the volts per hertz issues are already taken care of outside of this UFLS standards document. During an under frequency event, generators should be working to pull voltages down anyway.
    
    Please see response to question 8 regarding overvoltages related to tripping load without tripping capacitors. 

	Summary of Issues – Question 8:

· Continent wide standard cannot provide “right” UFLS program for all areas

Response: A continent-wide standard can provide appropriate reliability requirements for most areas since most areas already have programs in the 25-30 percent of load range.  A regional variance may be proposed if a regional or sub-regional UFLS program substantially exceeding this range cannot be made to comply with the continent-wide performance characteristics.

· The continent wide standard should check if the assessment steps have been completed (a “pass/fail” approach)

Response: The SDT does not disagree, but believes that requiring an assessment to show that compliance with certain measures of reliability (i.e., performance characteristics) has been achieved is also necessary.  The SDT does not believe that reliability can be assured if the standard is limited only to checking to see whether certain steps have been followed in conducting an UFLS assessment.

· The NERC regions have always had the organizational structure to bring all of these experts together, and I doubt the concept of having a group of Planning Coordinators will be as effective at getting the subject matter experts involved

Response: The SDT does not disagree with this comment, but cannot, under the constraints imposed by the NERC Rules of Procedure and FERC Order 693, assign any requirements to regions.  The group of Planning Coordinators within a Region was found to be the next best choice. 

· “real world” factors also should be considered when designing the program – studies aren’t sufficient

Response: The SDT does not disagree, but questions how the effects of such real world factors as variation in governing response and controls that override governing response can be evaluated without some sort of studies.

· PRC-006 and PRC-024 are circumventing the needed analytical process and are drawing conclusions about what is appropriate before the study work is performed. These standards provide no technical justification for the proposed measures. As written, these standards will encourage smaller load shedding programs, and if that happens, the result will be that portions of the grid will have less of a safety net to rely upon when extreme events occur.

· Setting the performance characteristics before designing the programs is putting cart before the horse especially because size of the program should be a factor considered in determining any performance criteria

Response (to both comments immediately above): Clear and measurable reliability requirements need to be set somehow.  This goal cannot be accomplished if the reliability requirements are continually subject to being adjusted to accommodate study results.  The SDT is confident that the draft UFLS standard will be found appropriate for the vast majority of North American systems.  The fact remains that almost all existing North American UFLS programs fall within the 25-30 percent of load range.  Again, the SDT believes that what is behind the majority of the commenter’s comments is a concern over sub-regional UFLS programs that need to be substantially more than 25 percent.  A regional variance may be proposed should it be found difficult or impossible to make a substantially larger sub-regional UFLS program comply with the continent-wide performance characteristics.
· There is no requirement to assess load shedding needs – major topology changes should be considered when performing an assessment

Response: The draft standard requires the identification of islands for study.  The study of such islands should reveal the load shedding needs in terms of percent of load to shed.

· any party (utility, group, region, etc) should not be forced to shed more than the minimum called for in the Standard, but we should let them shed more load when there is an advantage to doing this

Response: The SDT agrees.

· Both voltage and frequency are highly subjective and are not really a good way to indicate if a load shedding program is going to get the job done.

Response: The SDT does not disagree that frequency performance is subject to factors that are often uncertain or variable, such as aggregate inertia, aggregate governing response, turbine power versus frequency, and the effect of load shedding on system voltage and the secondary effect of that voltage on remaining load, etc.  Nonetheless, a UFLS program must be set up to operate on frequency settings, generator off-nominal frequency durations defined in terms of frequency level must be respected, and system load knows
 only the voltage and frequency applied to it.  It is not as if there are an assortment of other quantities to choose from in monitoring system under-frequency (and over-frequency) performance; system frequency is all there is.  Moreover, the requirement to run dynamic simulations in UFLS assessments is the only means of evaluating many of these factors in a realistic manner.  The definition of “get the job done” is also subjective.

· The standard is driving towards lowest common denominator - Somewhere the NERC UFLS standards drafting team also concluded that “UFLS programs can be successfully coordinated if they are designed to achieve the same system performance characteristics”. Programs which shed different amounts of load will inherently have different performance characteristics, and work over a different range of overloads. By setting frequency based performance criteria these two standards are definitely forcing things towards the lowest common denominator as the proposed “measures” can only be met by a smaller load shedding program.

Response: The SDT disagrees that the draft standard would result in least common denominator reliability.  Again, the SDT has determined that the approach that is least intrusive on the flexibility to set UFLS design parameters within a region, but that addresses the need for inter-regional coordination, is to establish continent-wide performance characteristics as are now in the draft standard.  The draft standard would not restrict regions from having programs larger than 25-30 percent of load because a regional variance may be proposed should such larger programs encounter difficulties in complying with the performance characteristics at the 25 percent load-generation imbalance level.

· This reliability standard writing process should not replace engineering judgment

Response: To some extent, replacing engineering judgment with set requirements is unavoidable when reliability requirements must be coordinated across a wide area.  The SDT believes a balance has been achieved in the draft standard between imposing rigid continent-wide requirements versus permitting flexibility for engineering judgment within each region.

· I think it makes perfect sense to “measure” if we are fulfilling the basic aspects of load shedding obligations. The “measure” would be “have you done activities x, y, z?”. Instead we would focus on the big picture, which is to make sure we have a reasonably effective safety net in place. The “measures” could become simple pass/fail checks to see if we have covered the basics of implementing an appropriate UFLS program. I suggest that we keep it really simple. It will be easy to check on things like: 1) has an appropriate program been designed which satisfies a checklist of items that have to be considered such as coordination with generation protection, 2) has the program been implemented, 3) has the program been periodically reviewed, 4) have any changes that came about from the review processes been implemented in a timely fashion, and so forth

Response: The SDT does not disagree, but “reasonably effective” needs to be defined, what constitutes an “appropriate program” needs to be defined, what “checklist of items that have to be considered” needs to be defined, and acceptable “coordination with generation protection” needs to be defined.  The SDT believes it has used clearly defined terms in the draft standard.

· R1- a group of planning coordinators is not going to be the equivalent of the type of broad based participation we have historically achieved through the NERC Regional via the existing committee structure.

Response: The SDT does not disagree, but, as noted above, is restricted from assigning requirements to regions.  The standard does not prevent the group of Planning Coordinators from using the region’s standard development process to achieve broad-based participation.

· R2-stresses consistent application across the region, and I would argue that only the final analysis of the system will tell you if this makes sense. There may be subregions which have different needs. In MRO, the Canadian systems have different needs than the US portion of MRO.

Response: [R2 wording does seem to pose a difficulty here.  Could we say: “…or shall design UFLS programs for consistent application across each sub-region”?  Or delete
, “consistent application across”?]  Note: Sub-regions may well have different needs, but interconnected sub-regions may not necessarily always be their own island.  They still need to consider coordination with adjacent systems.  Regional variances are permitted to address the specific needs of sub-regions.

· R3- this says we need criteria on how to select islands. It strikes me as odd that we need “criteria” on how to reach a conclusion. Shouldn’t this just say that analysis shall consider possible system break up patterns that may form islands?

Response: Unfortunately, “shall consider” is not definitive enough language to measure compliance against.  “…shall develop criteria…” is more definitive.  The problem with selecting islands is that you need to grant the possibility that there may not be any.  Thus, having some selection criteria as the requirement instead avoids this problem.

· R4-I agree that coordination with neighboring regions is required, but I do not know how to resolve differences of opinion between regions. Are we trying to reach a consensus between regions, or just trying to share information and to create a forum for discussion? Obviously where breakups cause islands that straddle different NERC regions, we need to jointly evaluate that island. Even if this coordination is only to share information, it still allows everyone to learn from each other and is going to be quite valuable.

Response: Thank you for your comment.  [I still disagree with the “procedure” approach.  Could we say, “The combined group of Planning Coordinators of two adjacent interconnected regions shall conduct a UFLS assessment (as in R7
) on any islands that straddle the two regions identified in R5”?  And modify R3 to say, “…to select portions of the BES, including portions of adjacent interconnected regions, that may form…”?]

· R5 - Propose a wording change, I would rather say something like:  “…shall identify islanding patterns that can be used as a basis for designing an UFLS program. This shall consider:” R5-is about identifying islands. I think it is the exact wording of this section that bothers me although I agree with the intent. I prefer to focus on break points that may lead to islands.

Response: Standard language needs to be very specific and clear as to what exactly is required.  “…shall identify islanding patterns that can be used…” is not as definitive as “…shall identify an island(s) as a basis for…”  “This shall consider:” is not as definitive as “The identified island(s) shall include:”

· R7-is about the need to do periodic assessments. I agree we need a periodic assessment of some sort. Full blown studies on the other hand are seldom required unless some inherent flaw in an existing program is identified and we need to start with a fresh look at everything. I do not agree with meeting the performance characteristics in R6. We should meet performance characteristics which are defined as a result of the load shedding study process, and not just something that is tossed out up front.

Response: The standard requires dynamic simulations to back up the required periodic UFLS assessments.  The SDT has confidence that any inherent flaws in an existing program are more likely to be discovered in this manner than by any other approach.  Again, reliability requirements should not continually be subject to being modified to accommodate study results.

·  I think there are other ways to assess the risk of having units trip off early than just running simulations. This almost implies we have to use full stability cases as our only analytical method. Let engineers figure out how to study the problems using whatever tools, methods, and calculations they feel are appropriate.

Response: The standard requires dynamic simulations in the assessments because the reliability risk of early tripping units can be adequately assessed in this manner.  The SDT is not confident that analytical methods that do not involve dynamic simulations can do this.  Can the commenter be more specific about other analytical method(s) he has in mind?

· If we require some assessment of load shedding “need”, then generation which drops off early can be evaluated in terms of how it affects the “needs” assessment, or we can demonstrate how loss of such generation affects programs in a general sense. 

Response: The SDT agrees.  Load shedding needs should become apparent during the course of performing dynamic simulations for the assessment of island(s) identified in R5.

· R-8 shouldn’t this database/modeling type of information be compiled as part of the regional model building process? NERC regions do this type of thing today, why is this group of Planning Coordinators getting involved in this. We use the NERC regions to do our coordinating activities, so why depart from what works? I need to understand the reasoning behind this before I can comment further.

Response: At this point, UFLS data is not required to be included in regional and ERAG / MMWG model building.  UFLS data is for a highly specialized field of study distinct from the general dynamic simulation data collected under MOD-012.

· R-9 appears to say that everyone shall trip load in accordance with the UFLS program. I agree with the intent.

Response: Did you mean R10?



	22)  Question 8 Comments:
    1.0 Introduction
    After reviewing PRC-006 and PRC-024, I have to conclude that both are unsound. The general approach of trying to define a performance envelope up front before tradeoffs can be evaluated in the design work is going to be a problem. These standards really do not encourage the right thing, which is to ensure we have the right UFLS program in place to meet the needs of a given area. The “measures” are inherently subjective, and really do not measure if we have created the right “safety net”. I go into considerable detail to explain my concerns, but basically in the design phase we need to make compromises between mutually exclusive objectives. Therefore we need to stay away from trying to micromanage the design process at the Standards level. Tradeoffs affecting performance will always be involved and I do not think the standard needs to get involved in exactly how we reach a conclusion about what needs to be done. I think the standard should just focus on making sure we put the plans into effect, and that we implement the load shedding program. We should leave all of the performance issues to a work group that does the actual design and analysis. This is basically operating study type of work to create a remedial action scheme which responds to abnormal system conditions. My conclusion is that we need a different type of “measure” for the UFLS standard and that the generation off-nominal frequency protection related criteria in PRC-024 should be eliminated completely and that it should not be part of any NERC standard. PRC-024 is trying to make the compromise about what is an acceptable tradeoff for setting generation off-nominal frequency protection before the required study work is even started. It makes more sense to have a “measure” for UFLS which focuses on fulfilling the various activities such as design, implementation, and review, as the end result is what is important to ensure reliability. I envision this would be more of a pass/fail, have you performed these activities or not, type of assessment. I know this is a controversial statement, but I believe the following discussion will explain how I arrived at this conclusion.
    
    1.1 My UFLS background
    Before I comment on technical issues, I would like to provide background information. This is to explain why I hold such strong opinions on the subject of UFLS, and to show my involvement and commitment to developing appropriate regional UFLS programs. I hope this gives some credibility to my statements. I have a unique “hands on” work experience. This gives me considerable insight into this subject and a different perspective. I have about 20 years of experience with UFLS issues, have dug deep into the subject, have read all the technical materials I could find, and so forth. I spent several man years on this subject although my primary job function involves power system analysis, mostly operating studies (power flow and stability studies and so forth). My initial involvement in UFLS was an offshoot of disturbance analysis. This involvement with UFLS expanded into the area of assessing regional needs and in doing the technical work to develop a new UFLS program from the ground up which better fit the needs of different geographic regions. This was the big picture type of work with lots of things to consider. My background which is relevant to this area of investigation includes:
    
  * 29 years of experience doing system studies (power flow, transient stability, operating study work, modeling issues, disturbance analysis, etc.)
    
    * From 1987 to 1990 worked almost full time on the Colorado/Wyoming Off-Nominal Frequency Program design and study report (a regional load shedding and generation off-nominal frequency protection coordination effort tailored to the needs of the area, and which coordinated the needs to two islands, one a subset of the other). I was chairman of one of two technical work groups created by the executive committee, and did a significant amount of the analytical work and report writing.
    
    * 1996-1997, I worked on the WSCC UFLS program design and study report as one of five authors. This program is presently the WECC program and was strongly influenced by how the Colorado/Wyoming program was developed.
    
    * 2001, I performed a review of the MAPP UFLS program on behalf of MAPP, and concluded that MAPP needed to develop a new UFLS program to address overfrequency and generation off-nominal frequency protection concerns.
    
    * 2006-2007, I was chairman of the MRO UFLS Task Force which designed a new UFLS program and generation off-nominal frequency protection requirement for MRO. This was basically the follow up to the MAPP work that stalled out in 2001. Implementation has been put on hold until the NERC UFLS standards writing process has concluded.
    
    * I have had the benefit of collaborating with many other engineers, of varied backgrounds, on the subject of UFLS. I have been exposed to many different aspects of the problem and to different viewpoints. My perspective is based on information I have gathered as it pertains to system planning and operation, relaying, control area type of issues, power plant issues, and so forth.
    
    I was once told that "sometimes things seem simple only because we don't usually have the time to learn the complexities". This is certainly true of UFLS issues. This standards drafting process has led to certain initial conclusions that set the direction of how the UFLS standard is being drafted. I have to point out that things are not nearly as simple as they may appear at first glance, and we are jumping to the wrong conclusions, and that is steering this process in the wrong direction. In order to best explain my concerns with how this UFLS standard is being written, I need to cover some of the basics to provide a context.
    
    1.2 The big picture: what are we trying to accomplish by shedding load?
    
    The simple answer is we want to use load shedding as a safety net. The objective is to prevent a blackout following an islanding event that creates an imbalance between load and generation. We want the program to force quick frequency recovery so that we can better coordinate with generation off-nominal frequency needs. We want to make sure that our program has no fatal flaws that are going to make things worse, and hopefully we can try to make this program as robust and foolproof as possible.
    
    1.3 Who should design UFLS?
    The design details need to be resolved through a technical study process involving individuals with the skills to do this type of analysis, or who are willing to spend considerable time to learn the skills. Historically this has been accomplished by forming appropriate study groups. Such groups usually include individuals with varied backgrounds which may be relevant to dealing with the different aspects of off-nominal frequency issues. The NERC regions have always had the organizational structure to bring all of these experts together, and I doubt the concept of having a group of Planning Coordinators will be as effective at getting the subject matter experts involved.
     
    1.4 Analytical approaches and modeling limitations
    First of all, there is no perfect tool for studying load shedding and performance is highly subjective. The question is, what performance, and for what conditions and assumptions? We have to keep this in mind before jumping to conclusions about what kind of performance characteristic we can meet. 
    
    Trying to establish the UFLS performance characteristic up front and then designing the rest of the UFLS program afterwards is equivalent to saying we know what our protection needs are and what the resulting system performance is going to look like before we do any kind of analysis at all. This is unrealistic. The one factor which is the most significant is the size of the UFLS program. Larger programs have inherently different performance characteristics than small programs. More compromises have to be accepted to make larger programs work. NERC Regions typically set a minimum criteria for load shedding, but higher levels are sometimes needed and are typically allowed. The amount of load presently being shed in different areas varies from about 25% to 60% or more.
    
    Modeling must involve some form of dynamic simulation which captures the salient features. Underfrequency relay application guides suggest use of a simple equivalent inertia model which captures frequency decay dynamics. I have found this approach extremely useful and insightful. This approach is good for rapid prototyping and generalizing trends, evaluating performance over a range of overloads, evaluating sensitivities, etc. The weakness of this approach is it does not include effects of voltage changes and usually ignores governor action (in MRO UFLS work, we added a governor model as part of the sensitivity work, but designed the program to work even if we get no net governor type of response to an underfrequency event). The “Equivalent Inertia” approach is essentially use of a one bus stability case with voltage held at unity, which models the inertial response of a full system. 
    
    Full stability cases are more useful for looking at a very specific scenario (one overload level, a historical event, etc.). Stability cases are also useful in addressing voltage transients and identifying possible system break points. The usefulness of a full stability case for the study of load shedding is often overestimated. In reality, too much detail is not always helpful in sorting out the general trends. Stability cases give a very specific answer but can fail to give the needed insight about how things work “in general” and it can take significant time to modify cases so they are useful for this type of analysis. The level of modeling needed for typical transient stability studies is somewhat different than what might be needed for a load shedding study, so do not expect that stability cases will have all of the modeling details needed for load shedding studies.
    
    The user has to be aware of what each dynamic modeling approach represents, and what the modeling limitations are. Even full stability cases do not model some of the processes which have an effect on a load shedding event and consequently results have to be carefully interpreted (for example, stability cases do not model generating plant boiler dynamics and emergency overspeed controls which protect for full load rejection, but which operate on large partial overloads). The way islands are created in the simulation can affect results. For instance, opening all lines at the same instant to form an island is a typical modeling approach that has nothing to do with how islands really form. This approach to creating an island will affect the final result to some extent, but we generally have no better option. 
    
    We also need to stop once and a while and consider the real world issues to try and make things as fail safe as possible. There is more to UFLS design than just running studies.
    
    The point is that study work results are inherently approximate, and much more subjective than most realize. Simulations need to be interpreted with a good deal of common sense and a good understanding of system dynamics, and a clear idea of what all the qualifying simulation assumptions are. Hopefully this standard will stay away from prescribing any particular modeling or analytical approach. Let planners use the engineering tools they have as they see fit, and let them decide on the tradeoffs we have to accept to make this work. 
    
    1.5 UFLS design work, conflicting requirements, and uncertainty
    UFLS program design and performance details can only be worked out through a systematic study work process that considers all of the relevant details, the conflicting requirements, and as much of the inherent uncertainty involved as is possible to consider. Despite the complexity, I believe we can design a good UFLS program for a given region if we are systematic and try to deal with all the issues as best as possible by applying good engineering methods and good judgment. Once we lay out all the details, we have an optimization problem, and have to consider the options available and the tradeoffs. Some of the final program details will probably end up being decided according to a judgment call. However, I do not believe that we can set performance standards first and then expect the engineers to magically make this work. Almost everything to do with UFLS has to be based upon study work and must have a solid technical justification.
    
    The design goal is to develop an UFLS program which has a high probability of preventing system collapse following an islanding event. This sounds simple so far, but a little investigation will show the problem we are trying to deal with is complex and poorly defined. We are guessing at what might happen and are trying to hedge our bets in the face of considerable uncertainty. The deeper the investigation goes, the more we become aware of the conflicting requirements. For instance, the things we need to do to limit the minimum frequency, to limit the maximum frequency, to ensure good relay coordination, and to maximize the size of the UFLS program all conflict with each other…to solve one problem we impact a different objective. 
    
    Many factors which affect real world performance are outside of the control of the parties doing load shedding. These factors are: dynamic characteristics of load, system energy stored in rotating generation via the flywheel effect (this is the inertia, and it relates to dispatch), units which are unresponsive to governor action, boiler dynamics, power-load controllers which can over power governors and force units back to the original schedule, gas turbines which inherently drop power as frequency drops, wind generation which essentially provides no inertia and is highly unpredictable, unexpected random events, etc. To complicate the analysis, different parts of North America will have to address factors that are unique to their own local areas. 
    
    We want to keep “real world” complications in mind as we do our studies, and it is even reasonable to anticipate what system operators will have to do next if load shedding fails to work as desired. Historical events show this happens, and if we are lucky frequencies will stall out close enough to 60 Hz that operator action can be initiated to restore frequency (this has implications concerning why it is a really bad idea to set generation protection time delays too short for frequencies between 59 Hz and 61 Hz). 
    
    Also consider that we are just making educated guesses about what islands may form in real life. Some islands are easy to identify and predictable, but that is not always the case. Major breakups seem to occur following a sequence of events which are far beyond anything covered by typical criteria, and these events are usually nothing we would have ever dreamed up. Often the final island is not what we anticipated. 
    
    At this point let’s assume we know what our island should be, what the maximum overload for this island will be, and that we have some idea of general performance objectives. As we go into study mode we find that many of the factors which affect results are difficult to pin down. This includes the assumptions used for load damping, governor response, and the energy stored in rotating units (the inertia). The term “typical data” reflects a rather wide range of these parameters. In developing the MRO program we dealt with this uncertainty by using the simplified equivalent inertia model and then varying all of these parameters over a fairly wide range as we also considered a range of potential overloads. This is much more than is typically done, and this type of sensitivity analysis would have been extremely difficult, if not impossible, to perform with a full stability case.
    
    In the design phase we want to work though all of the interrelated issues, such as achieving coordination with generation off-nominal frequency protection. To do this right, we have to design a load shedding program which gives the best frequency recovery (subject to all the other constraints), and then see how much time is spent below 60 Hz in various frequency bands so that we can propose generation protection settings with delays with some margin over our worst case frequency recovery times. We also need to know something about actual generation off-nominal frequency capabilities to further judge the appropriateness of the suggested protection settings. 
    
    We want to make sure this safety net is well designed and that it has no obvious flaws. Preferably, we want to anticipate what could go wrong so that we can try to avoid as many problems as possible and alter the design accordingly. Then work has to iterate towards a best compromise solution.
    
    2.0 Critique of PRC-006
    Although the intent of this write up is to discuss PRC-006, I also have to discuss PRC-024 in some detail since both standards go hand in hand. Load shedding and generation protection are interrelated. Both parts have to be addressed together in any discussion of UFLS issues. It is unfortunate the standards drafting teams broke things down into two different standards like this. Generation off-nominal frequency protection is inherently part of UFLS programs, and has to be assessed in this context.
    
    2.1 UFLS standards need to be technically sound.
    I empathize with the standards drafting team and know the difficulty of their task better than most. However, I am not satisfied with the NERC UFLS standard PRC-006 or the generation protection settings suggested in PRC-024. I find this new PRC-006 UFLS standard and the companion PRC-024 generator off-nominal frequency standard to be unsound. These standards are circumventing the needed analytical process and are drawing conclusions about what is appropriate before the study work is performed. These standards provide no technical justification for the proposed measures. As written, these standards will encourage smaller load shedding programs, and if that happens, the result will be that portions of the grid will have less of a safety net to rely upon when extreme events occur. 
    
    2.2 There is no requirement to assess load shedding needs
    My observation is that a minimum load shedding requirement of 25% to 30% of system load will serve the needs of most of the system. That is my personal judgment, based on previous study work experience. I also know we can design fairly well behaved programs which shed 30% of load, and my personal bias is to shed more than to shed less. However the 25% load shedding used in the East was based on the same type of analytical process as I would go through, and they felt this level was a better fit for the tradeoffs involved. UFLS design involves these types of judgment calls. However, it seems odd that this standard does not require any kind of assessment to define the size of the imbalance we may have to deal with. This means we are not requiring anyone to know their actual load shedding needs. Perhaps that is implied by having “groups” do the UFLS study work. The load shedding needs are the first thing I would want to know, and to get at this information we have to evaluate possible system breakup patterns and possible load and generation scenarios to see what the imbalance might be. The purpose of such a review would be to see how much coverage the 25% load shedding requirement gives, and to estimate what might be a more appropriate load shedding target level. This type of analysis does not have to be perfect; we just need to know general magnitudes and make sure the involved parties feel their own needs are being satisfied. I use the phrase “target level” in the sense that once study work is performed we may have to consider a different size load shedding program to achieve over all coordination requirements. Everything is a series of tradeoffs. If we set performance criteria too tight, we could easily find that all we have left to work with to meet the criteria is to put in a smaller program, and then we will only meet criteria over this smaller range of coverage.
    
    2.3 Higher load shedding levels should be encouraged if it makes sense
    While we do not believe that any party (utility, group, region, etc) should be forced to shed more than the minimum called for in the Standard, we believe we should let them shed more load when there is an advantage to doing this. This will be the exception, but some areas, such as parts of Canada, are obviously prone to islanding and these areas often have high load shedding needs. Some areas shed 60% of system load, or perhaps more. Historically, UFLS standards have been minimum standards which tell utilities they must shed at least a certain amount of load. Regional programs allowed or even encouraged utilities to shed more load when it made sense. It seems obvious that this intent is still there, but the problem is that the “measures” chosen for this standard actually discourage this. 
    
    2.4 Frequency is subjective, and should not be a “compliance measure”
    PRC-006 uses frequency and voltage as “measures” to ensure UFLS programs satisfy reliability objectives. I believe these are both inappropriate “measures”. Both voltage and frequency are highly subjective and are not really a good way to indicate if a load shedding program is going to get the job done. 
    
    Let’s review the basics: 1) frequency drops following loss of generation or import with an initial rate of change of frequency defined by the size of the overload and the system inertia, 2) since turbine power can generally be assumed to be constant, this frequency drop increases generator torque as torque=power/speed, 3) load torque drops according to the load damping characteristic, and 4) we eventually reach equilibrium at a new lower frequency where once again Generation = Load at the new synchronous frequency. (A footnote: turbine power is not always constant during a frequency decline, combustion turbines have thermal limits requiring the power output to be lowered as frequency drops, causing a further drop in system frequency. Governor response on these units will only be momentary before thermal controls take over.)
    
    Now let’s consider how these variables affect our performance “measures”. For a given overload, final frequency is a direct function of the load dynamic characteristics which are not precisely known. We know the damping constant used in models is in the range of 1 to 2, and anything in that range is “typical”. Low damping will give the lowest frequency and highest frequency deviations. The equivalent system based inertia H = sum of MW-sec of online units/total Pgen, is a function of different unit dispatch scenarios. For a given overload, high inertia gives slower rates of frequency change, better relay coordination, a higher minimum frequency, and slower frequency recovery. Small inertia gives high rates of frequency change, lower minimum frequencies, relay coordination problems and possible overshedding. 
    
    With the wide range of “valid assumptions” to choose from, folks can essentially pick the off-nominal frequency results they want to show for compliance purposes, and if results of a large program don’t look good enough, they can switch to a smaller program so that it satisfies the “measure”. Choosing modeling assumptions is not “gaming”, it is standard engineering practice, but a single set of assumptions does not tell the full story. I would rather have measures which encourage folks to look for potential problems instead of measures which punish them for finding such problems. I would also like to see the measures encourage larger UFLS programs when that meets some identified need.
    
    To further complicate matters; let’s compare a large UFLS program (sheds 45% to 60% or so) with a small program (sheds 25% of load). Let’s assume they both have 5 stages of load shedding. Over the range covered by the small program, it will work in a more refined manner than the larger program as it uses smaller load blocks. For overloads between the sizes of the two programs, only the larger program will work. So how should performance be judged? 
    
    There is a reason I chose the same number of load shedding blocks in this example, and it is worth digressing for a moment to explain. As a practical matter, UFLS programs can only make use of 5 or 6 high speed load shedding blocks while still achieving good relay coordination and while also keeping the minimum frequency from dropping too low. This is not a hard and fast rule, but it is what I have seen in my study work. This is an effect related to inherent time delays introduced by relaying detection times and breaker operating times, and the frequency spacing needed between relays to achieve relay coordination. Of course if we are willing to toss out relay coordination we can improve the underfrequency response at the expense of creating overfrequency problems which then have to be hammered back by automatic load restoration or the equivalent (for instance, Manitoba Hydro can drop power coming in on DC lines to balance load with generation but that is a very unique situation). 
    
    2.5 Voltage is subjective, and should not be a “compliance measure”
    Overall, I am more concerned with the magnitude of the voltage out at the load rather than volts/Hz issues at the generator. The volts/Hz issues are already well covered by IEEE/ANSI standards, and this is difficult to model since exciter/voltage regulator models typically do not include a volts/Hz function, so the automatic reduction of the generator terminal voltage which occurs in real life does not show up in simulations. During load shedding the generators will be pulling the voltage down anyway. My understanding is that volts/Hz issues are less restrictive than other underfrequency concerns/factors. This would be something we need to look at if we allow frequencies to drop to 57 Hz or less. (Unit terminal voltage is controlled by the voltage regulator and outside of the transient time frame, we can assume the steady state voltage will be limited to 1.05 pu to .95 pu, so 1.10 v/Hz gives problems in the range of 60*1.05/1.1=57.27 Hz to 60*.95/1.1=51.8 Hz.) In addition, units are only at risk if this voltage regulator function fails, or if units are in manual voltage control. In that case the backup volts/Hz relaying will trip a unit. I am not too worried about voltage regulators failing and do not consider volts/Hz as a major risk factor. Usually volts/Hz is not given too much attention when designing UFLS programs. I am not aware of any of the existing UFLS standards having any volts/Hz criteria, but perhaps I am mistaken. I suggest the volts/Hz requirement be removed from PRC-006 because it really does not add anything which is not already covered elsewhere.
    
    2.6 Overvoltage as a source of additional uncertainty
    As load is shed we can get overvoltages out at the load which effectively increases system load. To some extent this voltage related load increase offsets the benefit of load shedding. Voltage control issues during load shedding/system break up are extremely difficult to assess. Voltage changes are a function of changes to VAR supply/consumption, as well as inversely proportional to system strength (i.e. fault MVA magnitude). System breakups and associated loss of generation can weaken the system and make voltage control much more difficult to manage. There is a general recognition that some capacitors need to be shed with load, but such details have to be worked out and refined at the local utility level as part of the load shedding implementation phase. I do not have a good idea of what is “the best that we can do”. I imagine it will vary with disturbance. I am not sure how this should be handled in the standards drafting process. I want to create an awareness of the problem so that folks give this some attention, and apply good common sense, but I do not want to turn this into any kind of “measure”. This is more of a bottom up type of analysis where very specific local detail has to be considered, where the rest of the UFLS conceptual work is the top down, big picture stuff where we do not need to address such specific local details. I am confident that utilities will do the right thing once set on the right course, and these types of details can be reviewed in the subsequent periodic UFLS assessments and things tweaked if needed. I just don’t know how to make this process any better than this. We have to be careful that we do not try to micromanage this difficult task. 
    
    The MRO UFLS effort tried to anticipate as much complication as possible, but we could not cover all of the inherent uncertainty involved. No one could. The main source of uncertainty we could not deal with is how potential overvoltage’s may increase load and decrease the effectiveness of the load shedding program. This gave us additional justification for using a "no net governor response" scenario for evaluating coordination between load shedding and generator protection (this voltage uncertainty is not the only reason for using a no governor assumption: basically units that are base loaded cannot respond to underfrequency, power/load controllers may override governor action after a short time delay, combustion turbine thermal limits will quickly override their governor action with power dropping off faster than the frequency decline, wind generation may drop off and would not have a governor anyway, and so forth; the bottom line is that we do not know what level of net governor type of action we can count on, and what little we get may be offset by increases in voltage). 
    
    2.7 PRC-006 and PRC-024 are forcing UFLS programs to the least common denominator
    PRC-024 and PRC-006 both fail to satisfy a comment made in the NERC UFLS unofficial comment form which indicates the UFLS standard is supposed to provide an appropriate level of reliability, not the least common denominator. Somewhere the NERC UFLS standards drafting team also concluded that “UFLS programs can be successfully coordinated if they are designed to achieve the same system performance characteristics”. Programs which shed different amounts of load will inherently have different performance characteristics, and work over a different range of overloads. By setting frequency based performance criteria these two standards are definitely forcing things towards the lowest common denominator as the proposed “measures” can only be met by a smaller load shedding program. The PRC-006 UFLS standard and companion PRC-024 establish tightly defined performance characteristics which at best will just barely work for a 30% load shedding level. Perhaps I should be more careful and say it works for a 30% load shedding level for a range of assumptions, but not for all of the conditions/modeling assumptions that we looked at in the MRO study. Those settings certainly do not encourage a robust UFLS program.
    
    This “one size fits all performance envelope” approach only works if we use the worst case (largest UFLS program) as a basis for the performance envelope. We can characterize these larger load shedding programs as having to accept more tradeoffs. The minimum frequency will be lower, the maximum frequency will be higher, larger load blocks will have to be shed making things more drastic, and the programs are likely to be more susceptible to relay coordination problems (due to the high rates of frequency decline associated with the large imbalances). What you get for these tradeoffs is a bigger safety net. 
    
    The generation coordination part of UFLS analysis should be addressed directly in PRC-006 as something that needs attention, but the specific details such as those presented in PRC-024 need to be worked out at the UFLS working group level in coordination with the study process that designs the load shedding program. This type of information is not appropriate for NERC standards. The off-nominal frequency limits in PRC-024 should never have been created and should be eliminated. PRC-024 is poorly thought out and is going to do much more harm than good. 
    
    Setting generation protection up front before casework is run is putting the cart before the horse. This is an attempt to micromanage the UFLS analytical process without having a full view of the big picture. It just represents someone’s judgment call concerning what is appropriate. It does not accurately reflect generation capabilities and no technical basis was provided to justify the “measures” in the standard. In my opinion PRC-024 is seriously flawed and actually is a serious threat to reliability. It also conflicts with the new MRO UFLS program we developed, and if other regions did the type of analysis that we did, they would probably find this causes problems for them as well. (Most UFLS programs do not go to as great of lengths as we did to look for potential problems over the full range of overloads covered by the program.) 
    
    I am well aware of generation off-nominal frequency issues and concerns, I have had my eye on this for 20 years. In the MRO UFLS study we did all that we could to minimize the off-nominal frequency exposure to generation, even going to the point of designing the load shedding program as the first line of defense for generation. This is achieved by designing the UFLS program to force quick frequency recovery even if we get no net governor action. This is achieved by having small blocks of load shed on delay that only trip if frequency recovery is sluggish. The point to make here is that the PRC-024 standards drafting group is not the appropriate group to be deciding on what tradeoffs are appropriate for coordinating load shedding with generation protection requirements, and they are ignoring some important “real world” consequences. Some of what is in PRC-024, if implemented, would be catastrophic for the grid. 
    
    2.8 Overfrequency issues
    The diagram from PRC-024-1 suggests that overfrequency tripping of generation is going to be allowed in similar fashion to how underfrequency tripping of generation is applied. Extreme caution is needed. If we add relays to instantly trip generation according to the overfrequency part of PRC-024, we will have multiple units tripping at the same time and we will cause a blackout. I would call this a really big fatal flaw. 
    
    Units self protect on overspeed and we do not have to add additional overfrequency tripping relays unless this is a planned activity used to balance load and generation. 
    
    It is important to have some understanding of overspeed issues and related controls, so I need to take a moment to cover this subject. In addition to the normal speed regulating governor, all power plants already have internal emergency overspeed controls to deal with full load rejection (loss of all lines out of the plant with turbine running flat out). These controls also activate on partial load rejections (overfrequency during islanding). These controls can have many names: emergency or preemergency governor, overspeed controls, load rejection controls, trip anticipators, or something similar. We do not want to be modifying these controls and their settings, but we need to understand how they operate. These controls vary at each plant so the following discussion has to use generalities to make my point. I am most familiar with controls on steam plants so this discussion applies to that type of generation. Generally these emergency overspeed controls try to limit peak speed to something below 110% by closing all turbine valves, and if this fails, the unit is tripped to prevent mechanical damage. To limit peak speed, these controls have to start closing valves as units start to accelerate. These controls are applied a little differently at every plant, but have to act before things get out of control, so they generally activate between 61.2 Hz to 61.4 Hz on low inertia units (in this instance I am talking of the inertia constant in dynamics, H=MW-sec/Mbase of machine), and sometimes not until 62 Hz if unit inertia is high. These emergency overspeed controls are in addition to the normal governor, and are much more drastic and just slam all steam valves shut. These emergency overspeed controls are not modeled in stability cases and I bet that most planning engineers have never given them much thought. It seems we never see frequencies any higher than about 61.4 Hz following a breakup, while stability cases might indicate frequency should have gone much higher. These would be the controls responsible for that disconnect between the real world and the simulation world. 
    
    Outside of the inherent factory installed overspeed controls, we have to exercise great care and caution when applying additional relays to trip generation on overspeed. The purpose of such tripping would be to restore the balance between load and generation within an island. If this is done, we need to be aware of the risk involved. Because these load rejection controls slam valves shut, the system frequency is unlikely to get much higher than 61.4 Hz (for a system which is primarily coal fired) no matter how large the initial imbalance. (Most steam units that I have looked at activate around 61.2 Hz to 61.4 Hz, and at one time I looked at every unit in Colorado and Wyoming to get a feel for what is typical.) Once these controls activate, frequency is no longer a measure of the imbalance between load and generation. We cannot keep steam valves closed for too long, constraining all the steam with the boiler going full tilt, or else random unit trips will start to occur due to any number of internal plant problems. We do not know how much time we have to get valves back open before we are at risk of losing a unit. Someone estimated 15 seconds (I can’t say if this is right or wrong, but it sounds about right to me), and then internal plant problems will start to occur. Often we see that one plant trips first and this helps. That reduction in generation rebalances things for other units allowing steam valves to reopen. The random nature of what happens in response to overfrequency complicates any planned unit tripping actions to correct the imbalance. If the sum of planned and unplanned tripping is too much, we cycle into another underfrequency event. This illustrates why dedicated unit tripping on overspeed has to be considered carefully, and should only be applied as a method to rebalance load and generation, and not as overfrequency protection of the type we apply for underfrequency. If generation is tripped to correct overspeed in an island, it has to be done in small increments (equivalent to about 1 to 1.5 % of remaining load) and trip times have to be staggered. For the purpose of balancing generation with load, unit tripping should only be implemented on a few selected small units. The trip setting would have to set at frequencies no higher than something like 61Hz to 61.4 Hz, or else these relays may never pick up. Picking the right delay times is tricky and would have to be based on simulation results. In practice, it may make more sense to do automatic load restoration to rebalance. This is something that has to be studied on a case-by-case basis. 
    
    As a side note: in the MRO UFLS effort completed in 2007, we were very concerned about overfrequency. This led to changes from the MAPP program of shedding 3 blocks of 10% to a program shedding 5 blocks of 6% . We then focused on adding adequate spacing between relay settings to reduce the risk of overshedding under our worst case assumptions of large overload, low inertia, and low load damping. The compromise was we had to accept lower minimum frequencies.
    
    2.9 We need realistic minimum frequency limits on generation that meet load shedding needs
    I also have concerns with the chosen minimum frequency in PRC-024, and the time delays proposed at different frequencies.
    
    Although the MRO UFLS Taskforce expects that under "typical conditions" that minimum frequency will be above 58 Hz, (for loss of generation/import of up to 30% of system load in the island), our worst case simulations indicate we could briefly dip below that, and we used our worst case results to set generation protection frequency settings and delays. In addition, our "equivalent inertia" modeling approach ignores machine to machine oscillations which might cause frequency at different locations to differ by .2 Hz or so as the system frequency rings down. For this reason, we chose 57.6 Hz as the point where instant tripping of generation is allowed. This is below our worst-case minimum frequency of 57.77 Hz (for a very low inertia, low damping, no governor scenario that is perhaps overly pessimistic). This instant trip setting for generation can also be justified in another way. Our design criteria set a target where we wanted the minimum average system frequency >= 58 Hz, and we seem to meet this for most conditions. This 58 Hz minimum frequency seen in our models then has to be adjusted by about - .2 Hz to account for machine to machine oscillations seen in the real system and not in our model, plus about .2 Hz margin to ensure good relay coordination. This takes us back to 57.6 Hz as the appropriate frequency for the instant trip setting on generator off-nominal frequency protection. Programs which shed more than 30% of load will need to relax generation protection and accept lower frequencies and longer time delays.
    
    2.10 An example of coordination between load shedding and generation protection as performed in MRO UFLS study
    In order to come up with the MRO generation protection settings we monitored time spent in frequency bands spaced .1 Hz apart and we consider the performance over the full range of coverage (0 to 30 % loss of generation) and considered a wide range of assumptions concerning system based inertia (H system base = total MW-sec stored in rotating mass divided by P gen) and a range of damping, in addition to a possible range of governor actions. We optimized the program to minimize time spent below 60 Hz while addressing all the other constraints we had to deal with. Once we knew the expected worst case times in each .1 Hz band below 60 Hz for the optimized program, we came up with the stair step type of generation frequency versus time delay settings that gave a reasonable fit to the expected worst-case time versus frequency information (plus some margin) with the fewest frequency bands. To fully understand what we did you will have to refer to the MRO UFLS report on the MRO website. The short version is that we ran 1000's of cases to arrive at our conclusions. What we came up with for generator underfrequency protection minimum time delays is what we need to ensure the load shedding has time to play out to restore frequency and to give some margin to ensure relay coordination. If we shorten the generation protection time delays and raise the frequency setting for the instant trip point, then there is a narrower range of conditions for which the UFLS program would be expected to work as intended. Our safety net becomes less robust, we make things less secure. 
    
    2.11 Load shedding can be used as the first line of defense when it comes to generation underfrequency protection
    The MRO load shedding program is designed to be the first line of protection for the generators because it is designed to force frequency recovery even in the absence of governor action by having small blocks of load shed on delay to quickly bring us back towards 60 Hz when recovery is too slow. 
    
    2.12 Generation off-nominal frequency protection settings imply more risk than units may experience
    Although there is a chance that frequency may be slow to recover as a worst case, most of the time it will recover much faster than the times we used for generation tripping coordination. The expected time spent below 60 Hz sort of takes on the form of a probability density function. This type of information gives a better idea of what units may be exposed to, and the real risk is less than what the generation protection settings may imply. Therefore, our approach was to coordinate generation off-nominal frequency protection to match the worst case frequency recovery times seen in our simulations after first doing everything possible to minimize underfrequency exposure to generators when designing the load shedding program. For the MRO region, the recommendations of the MRO UFLS report should take precedence over what is being proposed in PRC-024 and PRC-006. 
    
    2.13 UFLS programs which shed higher levels of load need less restrictive generation off-nominal frequency protection 
    In MRO, we recognize that the Canadian portion of MRO needs to shed more than 30% of connected load. The MRO UFLS report indicates that any program that needs to shed more than 30% of load will need to relax the MRO generator off nominal frequency time delay settings for generation and accept longer delays and lower minimum frequencies. This is an engineering reality. The Off-Nominal Frequency Capability Curve from PRC-024 does not give this kind of flexibility. Alternately, some improvement on minimum frequency can be realized by designing a program that oversheds but then the program will be prone to overspeed problems. This approach can get scary. Some improvement in coordinating with generation needs can be achieved by designing the UFLS program to start shedding at higher frequencies. This gives a corresponding improvement to the minimum frequency but this action often creates coordination problems with neighboring programs. On the other hand, sometimes you want one area to start shedding first to meet some specific objective. This is just another example of how every single facet of UFLS program design has to be carefully considered. In many ways, this is no different from any other type of planning or operating study work. 
    
    The bottom line is that this reliability standard writing process should not replace engineering judgment. Utilities need flexibility so they can make the necessary compromises after all things are considered. Making adjustments to generation protection frequency settings and associated time delays is most likely the best approach to ensure coordination with larger load shedding programs. We must give sufficient time for load shedding to act even if it means we need to accept some additional potential loss of life to generation for some hypothetical underfrequency event. I believe this is prudent and will not place undue burden on generation.
    
    2.14 The starting frequency of load shedding programs
    In MRO we would have considered an UFLS program which starts to shed load at frequencies above 59.3 Hz (probably 59.5 Hz) if neighboring regions would have shown interest in doing the same. However that was not the case. All the programs in the region started at 59.3 Hz so we stuck with that. If we had increased the starting point to 59.5 Hz, we might have increased the risk of dropping load on power system swings where no load dropping is needed (if so, this would probably be isolated to a few buses), but we would have improve the minimum frequency and this helps larger load shedding programs meet coordination needs.
    
    
    2.15 Turbine/Generator underfrequency capabilities
    To talk about off-nominal frequency capabilities of turbine/ generators, I will once again have to generalize a bit. The continuous operating range for no accelerated loss of life is typically 60.5 Hz to 59.5 Hz. The frequency which requires an instant trip, for most generation (I will ignore combustion turbines for now), is below 57 Hz for steam, and as low as 56 Hz or lower for hydro. Steam turbines are more restrictive than hydro because of blade resonance issues and the result is that the time versus frequency limits are logarithmic with considerable operating time allowed just below 59.5 Hz and very little operating time is allowed at the lower frequencies. Limits are generally based on a theoretical “probable loss of life” after being subjected to some total time spent below 60 Hz over the life of the plant. This also fails to take into consideration that units get maintained and some issues are corrected before becoming problems. So we have to evaluate what fraction of this theoretical off-nominal frequency based accelerated loss of life needs to be used to respond to a rare and infrequent islanding event, but in the end this is a judgment call and is driven by what we have to accept to get the job done. Limits for combustion turbines seem to vary, with instant tripping suggested anywhere from about 57 Hz to 58.2 Hz. I know less about these than I do about other types of generation, but we learned what we could about these during the MRO UFLS study process. The group that did the last WECC UFLS review got quite involved in this area of investigation, and the MRO group benefited by consulting with the former chairman of that group. 20 years ago the combustion turbines were not showing up as a limiting factor, or we failed to notice the issues. I personally question the basis for the 58.2 Hz instant tripping point that is recommended for one make and model. It is hard for me to imagine that a very brief dip below 58.2 Hz is going to be a problem when considerable operating time above 58.2 Hz is allowed. This low “instant trip” frequency setting is out of line with historical industry practices and our industry has to encourage manufacturers to build equipment with better off-nominal frequency capability than this.
    
    2.16 Don’t get too conservative with Generation off-nominal frequency protection settings
    I feel that many times utilities try to get too conservative in how they want to set generation-off nominal frequency protection to the point where this may affect UFLS. If we set this too tight we might end up with a blackout. Black start plans are where the real off-nominal frequency loss of life can be chewed up. Generally such plans call for this protection to be disabled so that it does not interfere with restoring the system.
    
    Another issue that I have heard several times as justification for using very conservative generator off-nominal frequency limits is that some folks are claiming their insurance sets underfrequency limits for their generation. Who is to say if the terms of the insurance coverage even makes any technical sense? This hardly sounds like a legitimate reliability issue. From my perspective, this seems at odds with system reliability. I also expect that independent power producers will not be as interested as a traditional vertically integrated utility would be in trying to prevent the grid from collapsing. I expect that at least some of them would just as soon shut down as quickly as possible instead of riding the disturbance out. We have to ensure they do not do this or it may have catastrophic consequences.
    
    2.17 Short time delays being proposed for generation protection at frequencies close to 60 Hz is a huge risk to the grid, (i.e. at 59.3 Hz, 60.7 Hz)
    We need to allow much more operating time at the frequencies closer to 60 Hz than what the NERC standards drafting teams are proposing in PRC-006 and PRC-024. The proposed time delay limit says we can only operate at or below 59.3 Hz or at or above 60.7 Hz for 30 seconds. This is completely unrealistic and a huge threat to system reliability because these standards are essentially giving generation permission to set protection relays accordingly. Remember that once generation starts to trip on underfrequency it can quickly cascade into a blackout. This entire subject of what is appropriate for generation off-nominal frequency protection is something for the experts in study groups to work out, and should not be addressed in either of these standards.
    
    At frequencies close to 60 Hz the appropriate generation protection time delays need to be on the order of 30 minutes or longer instead of 30 seconds as proposed by PRC-006 and PRC-024. 
    
    The analysis we did in MRO indicates there is a chance that we will take longer than 30 seconds to get above 59.3 Hz even if our UFLS program works as planned. Remember we did this “bandwidth” type of analysis so we looked at more conditions than most have. We looked for those narrow windows of vulnerability where things “stick” or respond in a sluggish fashion. We can show that any UFLS program will have some combinations of overload and modeling assumptions where frequency recovery is slow and sluggish. If you don’t look for this problem, you are not going to find it, so we conclude the other regions would have as much trouble meeting this as the new MRO UFLS program. Perhaps an intuitive example will help. Basically over the range of coverage provided by load shedding, there will be certain combinations of factors which lead to frequency settling out just above where the next block picks up, and then we have to rely of governor action (or additional small blocks of load shed on delay) to pull the frequency back up. The rate of frequency recovery is also going to be a function of inertia, and if we have lots of units on which are partly loaded, the effective “system based” inertia will be high and rates of change of frequency will be lower. In comparison, if frequency would have dropped a little lower we would have quickly shed load and driven frequency up above 60 Hz, potentially reaching our maximum frequency. Another example to consider is what happens if the system overload is just a little larger than the size of the UFLS program? All load is shed and we are still below 60 Hz, but frequency might be close enough to 60 Hz for operators to respond if they are given sufficient time to respond.
    
    2.18 Generation protection settings also have to anticipate what happens if UFLS fails
    My biggest concern with use of short time delays at frequencies above 59 Hz is based on a completely different issue. Murphy’s Law is alive and well when it comes to power systems. All of us have to consider what might go wrong during a system breakup. Breakups can be chaotic and different each time they happen, and consequently load shedding performance can vary. There is a chance the “perfect plan on paper” may fail to work as desired in the face of some unanticipated event. At some point operators may have to intervene, and they need assurance that generation will not be tripping as they manually try and drop load. The fact that frequency can stall us out below 59.5 Hz is reason enough to insist that we use generation protection time delays according to actual equipment capabilities. In general, generation off-nominal frequency protection time delays need to be longer than the expected frequency recovery times shown in simulations to give us some margin, and as we get closer to 60 Hz, we want to take advantage of the long delay times allowed by actual equipment capabilities. This is needed as part of the “hedging our bets” process. This helps compensate for the uncertainty we cannot factor into the program design like relay failure, operator error, random events, loads changing in real time (affecting block size as % of system load), effects of voltage transients that effectively increase load, and so forth.
    
    A real life scenario many of us have seen before is where UFLS programs cycle between underfrequency to overfrequency and back into underfrequency. On the second drop into underfrequency, we no longer have all or any of our automatic load shedding left. With luck, the frequency will stall out close enough to 60 Hz to allow manual operator initiated actions. Planners try to prevent this in the design, but in real life this cannot always be prevented. For instance, load shedding itself can overstress lines and cause further breakup of an island into smaller islands, one with a surplus of generation and one with too much load. The island with too much generation is going to suddenly have severe overfrequency problems. Emergency overspeed controls which are in place to deal with full load rejection will kick in somewhere above 61.2 Hz (as previously described). At steam plants these load rejection controls will slam all valves shut. Power plants can’t stay in this condition for very long before something gives. Let’s say this leads to unpredictable random tripping of thermal generation, and frequency drops back below 60 Hz. As frequency drops the remaining steam turbine valves open back up, so the initial loss of generation my save the rest of the generation and frequency may actually settle out below 60 Hz, but with frequency still high enough that actual equipment capabilities would allow operators plenty of time to respond. We need to take advantage of this capability, and set generation tripping times accordingly. 
    
    Another example would be having an overload which is slightly higher than the size of the load shedding program. All load is shed, but frequency remains below 59.5 Hz. We then rely on manual operator actions to pull us back the rest of the way.
    
    2.19 A very troubling trend
    One of the most troubling things we uncovered in the MRO UFLS effort is that some manufacturers are now designing equipment which does not have the off-nominal frequency capability it once had. It seems this has occurred with CT’s and is probably also happening with wind generation. I mention this trend as it is important that we don’t build in weak links like this as the system expands or else we are going to seriously affect reliability. We need units which can briefly operate down to at least 57 Hz to improve chances of surviving islanding events. Future trends in general are all at odds with being able to create a good underfrequency safety net. If NERC prescribes limits which never allow us to operate below 58 Hz, or to limit operation at 59.3 Hz to only 30 seconds, equipment will start being built accordingly. 
    
    Combustion turbines cannot hold constant power as frequency drops unless they were only partly loaded to begin with. There are thermal issues involved, which is why fully loaded units only have a momentary governor response to underfrequency. The governor is quickly overridden by the thermal controls. The percentage of power which drops off due to a frequency decline is going to be about the same percentage as the percent change in frequency, or higher. A lot of new CT’s have been added over the last 10 years or so, and we are likely to see more of these in the future.
    
    High concentrations of wind generation are really going to cause problems unless more sophisticated designs are used. The problem is that older units are inherently unstable and will just trip off right away. Newer units can probably operate down to 57 Hz, but all inertial effects are masked from the system, so system inertia is going to drop and UFLS relay coordination is going to become very difficult because that low inertia means high rates of change of frequency and this can affect load shedding programs in several ways. In the MRO UFLS program, we anticipated this problem and examined lower “system based” inertia than what we have today. We saw coordination problems, but this information was still used to help us define a robust UFLS program. It was obvious that coordination would be next to impossible if inertia got lower than what we looked at. Lower system based inertia means lower minimum frequencies and higher frequency overshoot. (This is a consequence of relay detection times and breaker operating times being too slow to stay on top of the fast drop in frequency, so we end up with relay coordination problems and shed too much, too late.) I am not aware of wind units having any type of governor although I was told by an individual in GE’s Power Systems group that designs will be changing over the next 10 years. For instance, GE is adding a governor to their wind generation. I am not sure how that works. Most likely it would work well on overfrequency, but I am not so sure about underfrequency. Likewise they might be able to use software that controls the power electronics associated with variable slip induction generator to unmask the inertial effects (or mimic such effects) to help the grid a bit. However, actual inertia of wind generation is still going to be low. I also heard that a new trend is going to be use of permanent magnet synchronous generators for wind generation. Synchronous generation is probably going to be an improvement over induction generation, but I have no idea if this will actually be a benefit to the system or not. Whatever the wind industry comes up with, it is unlikely to be as robust and useful as traditional steam and hydro generation, and it will just make the task of providing a safety net all the more complex, or perhaps nearly impossible, once huge amounts of wind generation are added to the grid.
    
    3.0 Observations concerning historical reliability criteria, and a proposal to adopt a different type of “measure” to assess UFLS reliability
    
    3.1 Reasonable Expectations
    It appears that engineers recognize that we cannot apply performance measures to real life load shedding events since it would be an inconsistent application of how we apply operating type criteria in general to such low probability multiple contingencies. In addition, the parties who are trying to fix the problem do not need to be blamed for the problem itself should they be unable to “fix it”. That is sort of pointless. I believe that engineers also seem to recognize the only perfect program that exists is the one on paper. In real life it has to deal with things we probably have never anticipated and if disturbances are too severe, load shedding may not prevent collapse. Load shedding is just a tool and it has limits. That is just an engineering reality. It should also be obvious that a lot of coordination is involved.
    
    3.2 Coordination is the key to ensuring reliability objectives are met
    Good coordination is going to be what ensures reliability. However we sure seem to be doing things which discourages coordination at large. This new deregulated world has defined transmission as separate from generation when in reality all these parts together form a giant complex machine called the “system”. For compliance, we created the concept of “Legal Entities” who can be sanctioned, and entities such as NERC regionals that are apparently something else. We invented terms such as planning coordinator. This all gets confusing, especially to me, as I have had little experience with structural changes going on. What I see is that much of the carefully built up infrastructure that we had to promote reliability is being altered to the extent it is hard to recognize just where we are at today. As we keep creating distinctions which do not follow engineering realities, it will just make all of our coordination tasks much harder to achieve. It is hard to see how this helps reliability. For instance, I was told the NERC regions cannot be in charge of design and analysis of UFLS programs (in conjunction with members of course) because they are not a “Legal Entity”. However this is how reliability matters were always coordinated and this is still the logical way to achieve coordination between all of the parties who need to get involved. All of us in the industry have to work together and pull in the same direction to develop an appropriate safety net. The NERC regions have the organizational structure to pull everyone together to do this type of coordination through taskforces that represent the industry at large. It is necessary to get a broad base of different people involved in the UFLS study process. It ensures you have lots of eyes on the product, lots of different viewpoints to consider, and it also helps in selling and explaining the final program to everyone in the end.
    
    3.3 We have to consider the system in total
    When it comes to analysis, the power grid is all one giant complex machine all the way down to the customer load. You have to consider all the parts to figure out the dynamic response of the whole. We have to consider everything which affects the frequency decay dynamics. There is no distinction that can be made on the basis of voltage class of the components of the system. This is why I am a little uncomfortable with excluding some generation from having to coordinate with load shedding programs as done in PRC-024 and PRC-006 just because such generation is connected to a lower voltage. If such generation, in total, is significant to the study work and final UFLS program, then it needs to be included. Let the study group decide what is significant or insignificant.

    3.4 The evolution of PRC-006
    I understand that PRC-006 has now evolved into something closer to a “continent wide” planning type of standard to guide us in designing UFLS programs. I have tried to explain why the tradeoffs associated with load shedding programs are best evaluated by groups of technical experts which are closest to the problem and why this standards process should not be micromanaging the analytical process or be setting design type of performance criteria. Likewise, it is a poor idea to have a standard such as the proposed PRC-024 that tries to establish generator protection settings up front. I see these approaches as actually being a threat to reliability by providing the wrong incentives (I also have technical reasons why I do not agree what is being proposed). NERC should allow the technical groups to work out these types of details. Such groups can give this subject the thought and focus that it deserves, and this careful deliberate thought process is what will ultimately ensure we are meeting reliability objectives.
    
    3.5 A recap of my concerns
    I believe that I have explained why I am uncomfortable with the idea of using specific frequency and voltage characteristics as a design “measure” in the UFLS standard. I will recap the issues. The various performance objectives of limiting underfrequency, limiting overfrequency, and of providing the largest safety net possible are mutually exclusive. The easiest way to satisfy all three (perhaps the only way) is to put in a smaller program and then the program will work well over this smaller range of overloads but will be inadequate if larger overloads occur. I believe we need to allow programs which are larger than the minimum, when appropriate, and those programs will have poorer performance according to these “measures” but I will argue that only the program which is “large enough to get the job done” will give us the reliability we are looking for. I also recognize there are limits to what UFLS can accomplish, which is why I do not want to mandate that UFLS programs have to shed more than the stated minimum, but I want to encourage folks to do this if it makes sense. Neither the frequency nor the voltage “measures” really tell us if we have the right safety net in place and both measures are subjective (i.e. what performance for what set of assumptions). Concerning voltage, I recognize that volt/Hz issues exist, but I do not feel this needs to be addressed in the standard. The real issue is how to minimize overvoltage problems as we shed load.

    To some extent I believe this discussion also helps explain why it can make sense to have different UFLS programs for different portions of the system. That is because different areas have different needs, and possibly unique regional aspects to consider. The final UFLS program definition is just an outcome of working though the problem and iterating towards a best compromise for UFLS program design. 

    There is no one single “best” program. We have lots of options and each represents different tradeoffs. In reviewing technical literature, we find there are also lots of different opinions expressed by different authors, and I imagine this influenced how programs were created in the first place. I believe the existing load shedding programs in North America are probably getting the job done as long as coordination with generation protection has been achieved. Some programs may be a little more refined than others, but load shedding is inherently a crude and drastic action. A periodic review process will go a long way to ensuring we keep programs up to date. We do not want this review process to be too much of a burden, but we want some process in place so that we can do detailed analysis if needed. My experience has been that a full blown UFLS study process will take 2 to 3 years to complete, perhaps 1 to 1.5 years if folks are fully trained, spend all their time on this one subject, have the study scope worked out ahead of time, and have all the tools developed that are needed. That is what it took groups I have been involved with to collect the information, to build the models, to run meetings, to do the analytical work, and so forth. I would not want to have to do that over and over again on a 5 year schedule. A much more simplified review would be appropriate for the 5 year review. A full study mode type of ground up review is only needed once in a long while or in response to some major break up or in response to drastic changes to the topography of the grid. 
    
    I feel that UFLS “measures” used for compliance purposes should stay away from frequency and voltage. We need a different type of measure. UFLS is really sort of something different and unique, and I think that justifies treating it differently than other Standards to the extent that it makes sense to do so. All the other criteria try to keep us from ever getting to this point. UFLS is what we do when we are past the point where most criteria apply. It is a drastic, one shot, last ditch effort and we can’t make it into something other than what it is. Some accelerated loss of life to equipment will be involved. Loss of equipment life and financial costs are also associated with a system that goes black. We need to consider all of these tradeoffs, especially when people get too conservative on generation protection to the point where if affects UFLS performance objectives. We need flexibility to accept the right tradeoffs. The UFLS standard can avoid the subject of voltage and frequency performance altogether since we know this will be addressed in the study process in an appropriate level of detail.
    
    3.6 A suggestion to adopt a completely different type of “measure”
    I have consistently stressed how UFLS analysis is an iterative process. I hope everyone can understand why I feel this standards drafting process also has to be iterative, and why we may need to change course as we move along the learning curve.
    
    I believe the standards drafting teams need to back up and try a different approach which emphasizes “measures” which consider a completely different aspect of UFLS related effects on reliability. The question is, what are the right measures? The first thought that comes to mind is that load shedding enhances reliability by creating a safety net. Perhaps we should be only be checking to see if the safety net exists, to see if studies say the safety net is an appropriate safety net, and so forth. Would it be possible to use these aspects of the issue as our “measures”?
    
    I think it makes perfect sense to “measure” if we are fulfilling the basic aspects of load shedding obligations. The “measure” would be “have you done activities x, y, z?”. We would then skip this entire discussion of what type of performance, on paper, is appropriate. Instead we would focus on the big picture, which is to make sure we have a reasonably effective safety net in place. The “measures” could become simple pass/fail checks to see if we have covered the basics of implementing an appropriate UFLS program. I suggest that we keep it really simple. It will be easy to check on things like: 1) has an appropriate program been designed which satisfies a checklist of items that have to be considered such as coordination with generation protection, 2) has the program been implemented, 3) has the program been periodically reviewed, 4) have any changes that came about from the review processes been implemented in a timely fashion, and so forth. I know I am in the position of having to sell this approach, as this is not what FERC and NERC set out to do. However, when you look at all the complexity involved, and what the bottom line is, this approach makes sense. I am sure it would be acceptable to the industry and that it would satisfy reliability objectives so long as we get the appropriate study groups in place. That really means getting the right people involved, who have the needed skills to work through things. I think a NERC region has the organizational structure to pull this type of coordination off. We are all familiar with that structure. Inventing some new type of group structure just adds another layer of confusion to deal with.
    
    The standards should stick to the broad-brush type of stuff. More to the point, this standard should be written to ensure the following:

    * That Automatic Underfrequency Load Shedding (UFLS) programs are properly developed, documented, and coordinated. This includes coordinating generation off-nominal frequency protection settings with the expected frequency recovery characteristic of the load shedding program.

    * That groups/regions have studied UFLS and have designed an UFLS program that fits the unique characteristics of the region (including any subregions) and that UFLS programs address any specific issues that are relevant to UFLS.
    
    * That groups/regions have documentation that specifies the details of the desired UFLS program so it can be implemented.
    
    * That groups/regions do periodic reviews including reports on actual UFLS performance following major disturbances.
    
    * That individual utilities have implemented load shedding in a fashion which is a reasonable fit to the stated regional load shedding program and that documentation is available (the term “reasonable fit” is used in consideration that no single utility can ever get a perfect match to a something like 5 blocks of 6%).
    
    * That each group/region sheds at least a minimum amount of load.
    That some form of coordination or dialog exists between groups/regions which study load shedding in adjacent areas.
    
    * To ensure that modeling data is collected and compiled for stability cases
    
    
    We recognize that PRC-006 addresses some of these points adequately, but as previously discussed, we have serious concerns with how some of this is being handled.
    
    Let the groups/regions define:
    
    * how much load to shed in total (it is OK to set a minimum level in the NERC standard, so long as we are clear that this implies a higher level might be more appropriate)
    
    * size of load shedding blocks
    
    * frequency setpoints
    
    * targets for min/max frequency deviations and allowable times above and below 60 hz (these are design targets only, and may have to be reconsidered and revised after looking at study results…this is an iterative process that has to be carefully thought out as study work proceeds)
    
    * generation off-nominal frequency tripping minimum time versus frequency protection settings to ensure coordination with load shedding
    
    * analytical methods
    
    * any other unique requirements or aspects of regional programs
    
    
    3.7 The existing NERC UFLS related guidelines and criteria are excellent
    
    As far as UFLS design goes, the broad guidelines in the existing NERC UFLS related standards are excellent, and following that lead will allow us to reach the correct final conclusions. Somehow we have to retain all of these guidelines. 
    
    4.0 Can the measures in PRC-006 be tweaked, and is that even a fix?
    
    I believe the direction taken in PRC-006 and PRC-024 is seriously flawed making a discussion of how to tweak and fix things sort of meaningless. That is why I am proposing we adopt “measures” that are based upon the “activities” required to get a safety net in place instead of a measure of “technical details”. However, if we are unable to change directions, then the proposed performance “measures” have to be softened to allow exceptions as based on needs identified in analytical work and to base criteria on actual equipment capabilities. We need a lot of freedom so that groups can make the needed compromises and adopt the right performance criteria.
    
    I really don’t think that PRC-006 should be a planning type of standard that tries to micromanage the design process. My opinion is this approach will not ensure reliability objectives are met. We only need to point out the various issues which planning engineers have to consider (this is clearly spelled out in old NERC UFLS standards) and they can take it from there and work through the study process. Planning engineers will understand what needs to be done better than anyone else. Just turn them loose and they will get the job done, and then we will have the UFLS program specifications complete with criteria on how to coordinate with generation protection. 
    
    The existing NERC UFLS related standards are still highly relevant materials which should be used as guidelines on how to develop load shedding programs.
    
    While it is reasonable to start with tentative performance targets as far as design work goes, I consider this as something best left to a study group of the technical experts. Study work has to be performed to find out what is possible before you reach a final decision about what is the best compromise for an UFLS program. In the end, the final program will have to consider if a given area has any unique characteristics that have to be considered, and study work will involve tradeoffs and compromises concerning minimum frequency, maximum frequency, time spent below 60 Hz, and so forth. 
    
    4.1 List of specifics related to PRC-006.
    
    R1- a group of planning coordinators is not going to be the equivalent of the type of broad based participation we have historically achieved through the NERC Regionals via the existing committee structure. The group concept is a step in the right direction, but the concerns that we can only apply mandatory standards to “legal entities” appears to be leading to artificial constraints that are making it more difficult to achieve the needed coordination and this just makes it more difficult to create the safety net that we want.
    
    R2-stresses consistent application across the region, and I would argue that only the final analysis of the system will tell you if this makes sense. There may be subregions which have different needs. In MRO, the Canadian systems have different needs than the US portion of MRO.
    
    R3- this says we need criteria on how to select islands. It strikes me as odd that we need “criteria” on how to reach a conclusion. Shouldn’t this just say that analysis shall consider possible system break up patterns that may form islands? For the US portion of MRO, we did not try to say what the most likely island would be. Instead we identified where the break points were, and used this, along with the MRO geographic boundary, to break the system into pieces. We felt these pieces alone, or aggregated together, represented our possible islands. We evaluated the needs of each of the pieces, and evaluated how to model each piece. We concluded that one set of simulations covering a range of inertia, damping assumptions, and overloads would inherently cover all of these different islanding patterns. So we performed our analysis in a fashion that allowed us to avoid having to make a very specific determination of what the island would be, and instead found a way to make something work in a more global sense.
    
    R4-I agree that coordination with neighboring regions is required, but I do not know how to resolve differences of opinion between regions. Perhaps this is nothing to worry about since it is likely to take care of itself. Are we trying to reach a consensus between regions, or just trying to share information and to create a forum for discussion? Obviously where breakups cause islands that straddle different NERC regions, we need to jointly evaluate that island. Even if this coordination is only to share information, it still allows everyone to learn from each other and is going to be quite valuable.
    
    R5-is about identifying islands. I think it is the exact wording of this section that bothers me although I agree with the intent. I prefer to focus on break points that may lead to islands. The difference is subtle, but for the US portion of MRO we did not identify “an island”, in the traditional sense, that was the basis for our design. We identified how the grid may break up. We used these break points to break the system down into pockets of load and generation, and then we examined each pocket. These pieces, alone or aggregated together, are our possible islands. We did not try to say which was most likely to form. Some of this represents high unlikely conditions. Some of our parts were not even expected to be islands, and were just the left over parts of the foot print after the obvious break points were identified. The southern and eastern edge of MRO is tightly interconnected and less likely to island, but we still were able to reach a conclusion as to what load shedding level was appropriate for even these areas. We examined load shedding requirements and modeling characteristics of each part. In the end we decided that a 30% load shedding requirement was adequate for each “piece” except for the systems in Saskatchewan and Manitoba. The MRO approach was to allow those regions to have their own programs, so they could satisfy their needs, and we just concentrated on the US portion of MRO. In the US portion of MRO, we found an UFLS program that should work for any of these island patterns as each of the geographic regions we looked at had similar characteristics and load shedding needs. We could model a range of conditions using the equivalent inertia modeling approach and we would inherently capture everything at once. Although our analysis was rigorous, we avoided having to decide on what our island has to be for design purposes, and instead came up with something that is likely to work for about any islanding pattern. With this said I can propose a wording change, I would rather say something like:
     “…shall identify islanding patterns that can be used as a basis for designing an UFLS program. This shall consider:”
    
    R6-addresses the “technical parameters” that I have so much trouble with. I have problems with all of this, as previously discussed at length. I do not like R6.1, R6.2, R6.3 at all, but as part of the study process we would normally come up with parameters of this type after we work through all of the tradeoffs. However I expect we would decide on different technical parameters in the end than is being proposed in PRC-006 and PRC-024. Requirement R6.4, the volts/Hz requirement, does not seem appropriate, and may not have to be addressed at all in an UFLS program. The need to address volts per Hz would depend on how low of a minimum frequency we are expecting. This does not appear to be an issue for programs where the minimum frequency is above 57.2 Hz or so. This might be relevant to isolated hydro systems with large load shedding requirements because hydro systems can accept much lower minimum frequencies than thermal generation (below 57 Hz) and load shedding programs may want to exploit that characteristic. However this would be something that study groups would apply as needed, and does not need to be in a standard.
    
    R7-is about the need to do periodic assessments. I agree we need a periodic assessment of some sort. Full blown studies on the other hand are seldom required unless some inherent flaw in an existing program is identified and we need to start with a fresh look at everything. I do not agree with meeting the performance characteristics in R6. We should meet performance characteristics which are defined as a result of the load shedding study process, and not just something that is tossed out up front. 
    
    I think there are other ways to assess the risk of having units trip off early than just running simulations. This almost implies we have to use full stability cases as our only analytical method. Let engineers figure out how to study the problems using whatever tools, methods, and calculations they feel are appropriate.
    
     If we require some assessment of load shedding “need”, then generation which drops off early can be evaluated in terms of how it affects the “needs” assessment, or we can demonstrate how loss of such generation affects programs in a general sense. Personally I feel we should not allow any generation to trip any sooner than prescribed by the final UFLS programs requirement for generation protection settings and delays. On second thought, there will be a few exceptions: units which are unstable like the older wind units, non-utility generation tripped along with load on a feeder as part of UFLS, and perhaps other exceptions where inadvertent tripping cannot be avoided. However, as a general principle, we should not allow any generation to trip prematurely via dedicated under frequency relays unless some offsetting action like tripping additional load can be done. We should not allow generation tripping on overfrequency using dedicated relays (other than tripping actions related to load rejection protection that we do not want to be messing with), unless such overfrequency tripping of generation is a planned activity that is a feature of the UFLS program used to rebalance load and generation.
    
    R-8 shouldn’t this database/modeling type of information be compiled as part of the regional model building process? NERC regions do this type of thing today, why is this group of Planning Coordinators getting involved in this. We use the NERC regions to do our coordinating activities, so why depart from what works? I need to understand the reasoning behind this before I can comment further.
    
    R-9 appears to say that everyone shall trip load in accordance with the UFLS program. I agree with the intent.
    
    5.0 Appendix
    
    I wrote a lengthy document and sent it to NERC when the first draft of this standard was out for comment. As I just emailed that document in directly and did not submit that document through the on-line data forms where comments are provided, my critique did not show up along with all of the other comments. So, I am submitting some of this again as an appendix. Below are the portions of my original document which address the physics of the problem. I imagine some of this has already been discussed above. However, this is still a good review.
    
    5.1 UFLS in Context
    Before we can really address the Under Frequency Load Shedding Regional Reliability Standard Characteristics document in specific detail, we need to provide a context.
    
    Reasonable expectations:
    
    * Under frequency load shedding (UFLS) is a one shot, last ditch attempt to save the grid from total collapse for some event that typically far exceeds anything that planning or operating criteria addresses. 
    
    * Load shedding is inherently a crude and drastic action.
    
    * Load shedding has its limits, it can’t protect against everything.
     
    * There is no perfect UFLS plan, just lots of different options with lots of different tradeoffs. 
    
    * In any discussion of UFLS, we need to keep in mind that load shedding might not work as desired in real life, and we can only make it “perfect” on paper, for some tightly defined scenario subject to a lot of assumptions. 
    
    * Just about any UFLS program will work great for some overload level, but at a different overload levels it might shed too much and cause a frequency overshoot or shed too little and then frequency might stall out. We can try to minimize such problems, but not totally eliminate them.
    
    * Doing “something” to try to quickly correct a major load/generation imbalance is better than doing nothing, and history has shown that load shedding generally works well, but it is not always trouble free. Don’t penalize honest efforts to provide a safety net.
    The best we can do is to eliminate any obvious flaws in the UFLS program design and try to anticipate complications. 
    
    5.2 Trade-offs, Compromises, and Uncertainty
    When it comes to designing a program, engineers find there is considerable uncertainty associated with most every aspect of the problem. Consider:
    
    * We do not know what may lead to break up, or necessarily what islands may form or what the final imbalance may be.
     
    * There is no perfect way to determine how islands will form, especially if the region is tightly interconnected. Study tools such as stability cases may help identify possible islands, but experience and engineering judgment is perhaps more important.
    
    * Factors that affect load shedding performance are not necessarily under the control of the utilities who put in load shedding. 
    
    * At best, we can bracket a range of unknowns and make educated guesses, and then try to find a program that works as intended, the most often, over the widest range of conditions. 
    
    * This type of work involves lots of trade offs and compromises. 
    Compromise also applies to simulation methods. No simulation approach is going to be perfectly suited for this type of analysis and each of the standard ways of assessing UFLS has strengths and weaknesses. 
    
    * Full stability cases are very detailed and good for a very specific spot check, but poor for generalizing. They do not necessarily provide a better way of assessing system performance than a more empirical approach. 
    
    * Relay application guides typically suggest using the equivalent inertia approach to dynamic modeling where everything is equivalized down into the simplest form that captures the frequency decay dynamics. This simple approach allows rapid prototyping, but it ignores the voltage transients and governor action. 
    
    To better understand the complications of UFLS design, we need to give a brief statement of the problem: 
    
    * When we have a mismatch of load and generation, the frequency will decay or increase until we reach a new equilibrium between generation torques and load torques. 
    
    * If generator power stays constant, then generation torque will increase as frequency drops (power = torque x speed). 
    
    * Load torques decrease as frequency drops according to the load damping constant. 
    
    * At some new frequency, we once again reach equilibrium where load and generation torques are equal and this becomes the new synchronous frequency. 
    
    * Without load shedding we could see frequency decay low enough that generation protection will have to instantly trip generation to prevent excessive loss of life. At that point, the system collapses.
    
    Load shedding objective and tradeoffs: 
    
    * We use UFLS to quickly drive frequency back towards 60 Hz so that we do not risk losing additional generation on underfrequency.
    
    * Loadshedding must not cause overfrequency problems that lead to uncontrolled tripping of generation that will precipitate another underfrequency event.
    
    * To improve minimum frequency, we can start shedding sooner (higher frequency setpoints), decrease frequency spacing between relay settings, and shed load in fewer blocks of larger size…all of this increases frequency overshoot problems. 
    
    * We can also improve minimum frequency by deciding to cover a smaller imbalance to begin with.
    
    * To decrease frequency overshoot, we can shed load in smaller blocks, increase frequency spacing between relay settings, and use more load shedding blocks in total…all of this decreases the minimum transient frequency for the largest overloads we cover. 
    
    * Overfrequency based tripping of generation or restoration of load can also minimize frequency overshoot, at the risk of causing the frequency to cycle back into another underfrequency event. 
    
    * Underfrequency recovery times can be improved by shedding some additional blocks of load on delay, at the expense of increasing the risk of frequency overshoot.
    
    The rates of change of frequency and load damping characteristics affect relay coordination:
    
    * Large overloads give high rates of change of frequency
    
    * Unit inertia represents energy stored in the rotating mass. Inertia (for a given overload level) affects the rate of decay of frequency: high inertia = slower frequency rate of change, low inertia = fast frequency rate of change. 
    
    * Load damping affects the final frequency where equilibrium is reached. Low damping means larger frequency deviations for a given imbalance. 
    
    * Generally it is difficult to design a program for low inertia, low damping, high overload conditions. This condition gives the lowest transient frequency, and the fast frequency decline affects relay coordination that can cause overshedding. 
    
    * Relay coordination is much easier if inertia is high, but recovery back towards 60 Hz will be slower when inertia is high.
    
    Let’s consider some of the hard to quantify factors that affect performance:
    
    * load damping (utilities have no control over the dynamic characteristic of loads, and we are not sure how much damping we have or how it varies in time or by season)
    
    * the type of generation on the system
    
    * the system inertia on system base (energy stored in rotating mass relative to remaining generation in island)
    
    * if asynchronous islands are still being fed by DC lines (this is power with no inertia associated with it, which drives system based inertia down), or if frequency deviations cause DC lines to trip
    
    * the magnitude of the imbalance between load and generation
    
    * the net governor effect (not much if units are base loaded, running in boiler follow mode, or overridden by power-load controllers)
    
    * overvoltages (and how can we moderate voltage deviations)…as load is shed the voltage will swing around, and overvoltages can increase load, offsetting the benefits of load shedding which in turn affects the rate of frequency recovery
    
    * random factors, such as unit trips, industrial load trips, additional line outages (including planned separation schemes), and so forth 
    
    * Wind generation…the older vintage of wind generation will drop off-line as frequency declines…how much will be on-line?
    
    * Combustion turbines…they are thermally restricted. Assuming a combustion turbine is operating close to its temperature limit to begin with (i.e. the typical condition when loaded high), the net result is that turbine power drops as frequency starts to decline, aggravating the imbalance.
    
    * The actual sequence of events that leads to islanding can have considerable influence on overall performance, yet typically the best we can do in simulations is to form and island all at once by opening all the tie lines at the same moment. This is because we do not get major system breakups from “credible events” that we can easily model. Usually load shedding occurs following a complicated sequence of things going wrong that no one could have ever predicted ahead of time.
    
    * Load shedding itself may overload transmission lines, and lead to further system breakup and islanding.
    
    * Overshedding can lead to unintended random loss of additional generation in response to overspeed (due to various internal problems at the facility), and cause another cycle into underfrequency from which we might not recover.
    
    Now consider future trends:
    
  * Industry trends show that load damping is decreasing, and load damping is not precisely known to begin with. Damping also varies in real time.
    
    * The trend has been that inertias of new units are lower than in the past. 
     
    * Some of the newer wind generation provides no inertial effects as rotating mass is decoupled from the electrical grid by the controls that allow variable slip operation of the induction generator or because they are coupled to the AC system through an inverter. 

    * Wind generation is intermittent, difficult to factor into UFLS programs, and with all of the different makes and models out there, it is difficult to generalize how these units will actually respond and how many will ride through a frequency swing.

    Different areas have different load shedding needs, and areas that need to shed a lot of load have to make more compromises as far as transient frequency and voltage performance go: 
    
    * UFLS programs that shed more load will also experience lower minimum frequencies, higher maximum frequencies, and be more prone to relay coordination problems (which increases the chance of overshedding). On the positive side, these programs provide the largest safety net.
    
    * Programs which shed the minimum amount of load can use smaller load blocks or fewer load shedding stages which improves frequency response and improves relay coordination over the smaller range of overloads covered. Obviously if overloads exceed the capacity of the program, the system will collapse.
    
    In summary, everyone needs to apply common sense and good judgment when dealing with UFLS issues, and compromises have to be carefully considered at every step of the decision process involved with design and implementation. 
    


�Is there any paper supporting the 25% imbalance between generation and load? Perhaps we could refer to that paper to give support.


�Should this be an “e”?


�Yes!


�I’m not sure this question was ever addressed by the SDT?  Perhaps we should say, we are bound by NERC Functional model.  If the TO & DP meet the Statement of Registration Criteria then their actual quantity of load is immaterial. 





�Should we give the PRC-024 SDT more detail to suggest that they consider ride through criteria and the impacts of UFLS generation tripping on black start/system restoration plans?  Not just time delayed tripping. 


�See cag5 


�Perhaps this explanation should be expanded upon since these islands depend on the topology.  Also, the draft standard doesn’t appear to address changes in major topology.  Islanding criteria is discussed in R3(history) and R5 (identifying). Perhaps SDT could point to R5 and say major changes to system topology should be considered by the PC when they are developing their basis for designing a UFLS program. 


�Would “see” be better?


�At the last NERC UFLS SDT meeting in Portland this topic was discussed.  Most agreed to delete that text.


�Do you mean R4?
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