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I. EXECUTIVE SUMMARY 
 
WECC-0101 Generator Validation Standards Authorization Request (SAR) is the result of a 
recommendation made by the Regional Criterion Work Group, approved by the WECC Board of 
Directors on September 5, 2012, to review Generating Unit Model Validation Policy (Policy), 
with the intent of converting that document to either a WECC Regional Reliability Standard or a 
Variance to an existing NERC Standard.  After consultation with Modeling and Validation Work 
Group (WG) the SAR was drafted to include specific precursors to the drafting of a document.  
On December 19, 2012, the WECC Standards Committee accepted the WECC-0101, Generator 
Validation Policy Consideration SAR as drafted with specific approval of the three step 
recommendations contained therein: 
 
1) Complete by the Modeling and Validation Work Group (MVWG) of a NERC/FERC required 

technical analysis to determine whether the Policy is based on sound technical basis and can 
be supported as a more stringent standard than that already in place at NERC. 

2) Make a recommendation to the WECC Standards Committee (WSC) as to whether a standard 
should be drafted. 

a. Potential outcome 1: MODs 26 and 27 are sufficient, and drafting should not proceed. 
b. Potential outcome 2: Recommendation for a regional variance and drafting should 

proceed. 
c. Potential outcome 3: Recommendation for a regional reliability standard and drafting 

should proceed. 
 
The conclusion of this analysis is the recommendation to draft a regional reliability standard 
or a variance. There is tangible evidence that the existing WECC Policy and associated 
documents have greatly contributed to improvement in the WECC models. The new NERC 
MOD standards are less stringent and will result in lower quality models and simulation 
accuracy. b 

This recommendation is based primarily on the following three arguments:  
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Current NERC Standards do not require baseline test and model development. The value of the 
baseline testing in WECC has been indisputable in establishing the correct model structure and 
developing the initial set of model parameters. WECC Policy requires that at least once, 
sufficient tests be conducted on a generating unit to develop the proper and accurate computer 
models for the database. NERC MOD Standards are appropriate only for model revalidation, 
and assumes that proper development and validation of a model has previously been conducted. 
With expected addition of significant amount of new generation capacity in WECC and 
perpetual equipment replacement, there is a need to ensure that new generators and control 
systems have baseline models developed, tested and validated.  

The NERC requirement of 10 years for model revalidation is far too long, compared to the 
WECC requirement of 5 years. More frequent validation allows detection of the control system 
failures, particularly Power System Stabilizers, and operating status changes 

NERC Standards have a higher MVA threshold for model validation (75 MVA unit / 75 MVA 
plant) compared to WECC (10 MVA unit / 20 MVA plant).   

 
II. HISTORY 

 

Grid planning and operating decisions rely on simulations of the dynamic behavior of the power 
system. Both technical and commercial segments of the industry must be confident that the 
dynamic simulation models and database are accurate and up to date. Optimistic models can 
result in unsafe operating conditions and wide spread power outages, such as occurred in the 
summer of 1996 in the Western Interconnection. On the other hand, pessimistic models and 
assumptions can result in conservative grid operation and under-utilization of transmission 
capacity, thereby inhibiting economic generation dispatch. Dynamic stability limits of the power 
system are mostly dependent upon generator control systems. Oscillatory instability is entirely 
due to feedback control systems, i.e., generator control systems. Seemingly small errors in 
computer models accumulate and can significantly alter stability limits in simulations. Therefore, 
having realistic models is very important to ensure reliable and economic power system 
operation.  

Model validation studies of the August 10, 1996 Western Interconnection outage [1] could not 
adequately reproduce the actual system behavior (Figure 1).  To restore the confidence in 
simulations and the generator model data, the Western Systems Coordinating Council (WSCC) 
in 1997 instituted a requirement that all generators greater than 10 MW be tested to confirm the 
data used to represent them in dynamic simulations. Modeling and Validation Work Group 
developed Generator Testing Guidelines [2] to assist the generator owners and consultants.  
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The benefits of the generator testing are indisputable. The generator model data has been 
improved significantly. It has also been recognized that the testing requirement alone may not 
provide all the information required for adequate power plant modeling. The representation of 
the power plant operating practices, implemented by the WECC Governor Modeling Task Force, 
was necessary to characterize generator responses to resource and load outages.  The overall 
correspondence between simulations and recordings of actual disturbances improved, as 
evidenced by recent validation studies performed. 

In 2006, WECC formalized the generator model validation requirements by approving 
Generating Unit Model Validation Policy [3]. WECC Policy included the following three 
cornerstone elements: 

- Power plant model data requirements 
- Baseline testing and model development requirements 
- Periodic model verification requirements 

 In 2007, NERC initiated an effort to develop MOD – 025, -026, -027 Standards to address 
verification of active and reactive capabilities, excitation control models, and turbine-governor 
control models respectively. The Standards were approved in early 2013 [4].  

Most recently, NERC initiated MOD-B activity to revise MOD-010-15 Standards to address 
FERC directives. 

 

Figure 1: model validation studies of August 10, 1996 WSCC system outage 
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The approval of NERC MOD-025, 26, 27 Standards and the need to reclassify WECC Policy 
raises obvious questions: 

- What is the relationship between WECC Generating Unit Model Validation Policy and 
NERC MOD Standards? 

- Can the WECC Policy be replaced by the NERC Standards? 
- What are reliability implications of reclassifying WECC Generating Unit Model 

Validation Policy as a Guideline? 

Unlike other NERC regions, WECC has more than 15 years of experience of successfully 
implementing generator model validation procedures. The quality of the WECC dynamic 
database was highlighted in the FERC/NERC September 8, 2011 outage report [5] and a FERC 
LBNL report on frequency response metrics [6]. The latter report pointed out major deficiencies 
with frequency response modeling in the Eastern Interconnection. It is not an exaggeration to 
state that without the successful WECC experience in model validation, NERC MOD-026 and 
MOD-027 standards would not exist. In short, WECC has benefitted substantially from its model 
validation policy, and abandoning what has worked so well should be considered very carefully. 

It is also important to reflect on WECC’s experience to summarize the lessons learned, what 
worked well and what did not, and ultimately recommend the path forward.  

 

III. LESSONS LEARNED 

The WECC generator model validation program has been a success [8]. The generator model 
data has been improved significantly over the years. In addition, generator testing has revealed 
equipment issues that were subsequently corrected. In some cases, testing has been accompanied 
with generator control re-tuning, mainly power system stabilizers, which resulted in improved 
power system stability. 

Periodic model re-validation, instituted by the 2006 WECC Policy, has been another major 
success, keeping the database up to date as industry models, practices, and requirements evolve.  

Model validation efforts have also recognized that testing alone may not provide all the 
information required for the power plant modeling. In 2001, the WECC Modeling and Validation 
Work Group identified deficiencies with frequency response modeling in the interconnection, 
and implemented an approach for representing power plant operating practices [7].  
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Using disturbance recordings for power plant is another major success story. BPA started placing 
PMUs at the point of interconnection of major power plants and recording their responses to grid 
disturbances [9]. General Electric Company, at BPA request, added capability in their PSLF 
software to play in disturbance measurements into grid simulations. This capability has allowed 
BPA to compare actual and simulated responses of power plants to grid disturbances. Today, 
more than 20 GW of generating capacity is monitored in the Pacific Northwest. Power plant 
model validation is one of the deliverables under the Western Interconnection Synchrophasor 
Program (WISP) [10]. 

Disturbance monitoring can be used for periodic model re-validation, when a good baseline 
model for a power plant has been developed. Disturbance monitoring can be used to identify 
modeling errors. BPA experience shows that a model can fail to produce the proper response 
even after baseline testing is performed [9]. Common modeling errors include poorly developed 
power system stabilizer models and turbine-governor models. Disturbance monitoring can be a 
very effective way to complement baseline model development where traditional testing is either 
risky or not feasible [11]. Disturbance monitoring is an effective way to detect control failures 
and operating model changes that occur more frequently than once in 10 or 5 years. 
Unfortunately, disturbance monitoring for the purpose of model validation is in its infancy, and 
is virtually unknown outside the BPA operating region.  

The benefits of disturbance monitoring for power plant model validation are indisputable: 

- Disturbance monitoring can be used to supplement baseline testing, e.g. Centralia 750 
MW coal-fired generators or Columbia Generating Station 1,100 MW nuclear power 
plant 

- Disturbance monitoring can be used for periodic model re-validation in lieu of generator 
tests, e.g., Calpine Hermiston Power Partners 

- Disturbance monitoring can be used for detecting control failures and operational mode 
changes, e.g., Colstrip and Grand Coulee cases 

- Disturbance monitoring can be used for detecting cases when baseline model 
development is in error 

 

WECC needs to promote use of disturbance monitors like PMUs for power plant model 
validation and performance monitoring through JSIS and WISP. 
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IV. DIFFERENCES BETWEEN WECC POLICY AND NERC MOD STANDARDS 
 

A) Structural 

As described above, WECC Generating Unit Model Validation Policy has three elements: (i) 
data requirements, (ii) baseline testing and model development requirements, (iii) periodic model 
validation requirements. 

 NERC Standards WECC Policy 

Data Requirements MOD-010 … -015 Generating Facility Data 
Requirements 

Baseline Model Development None Generating Facility Baseline 
Test Requirements 

Periodic Model Revalidation MOD -025, 026, 027 Generating Facility Model 
Re-Validation Requirements 

 

NERC MOD-010…015 Standards are being revised to address model data requirements. The 
WECC Generating Facility Data Requirements document should serve as a guideline to what 
modeling data Generator Owners are required to provide. 

At the present time, the NERC standards are silent regarding baseline model development. The 
successful improvement of the WECC database over the last 16 years is the result of the baseline 
test requirement. A computer model cannot be accurately developed without baseline test data. 
As WECC experience shows, guesses of the model structures and parameters by the generator 
owners or equipment manufacturers is nearly always flawed and likely to result in unusable 
models. Currently, the Power Plant Model Data Task Force is evaluating hundreds of obvious 
model errors in the master dyd file which result in erroneous simulation, or are reset 
automatically by the simulation program so the model can be initialized, resulting in entirely 
unpredictable behavior. These model errors are largely representing units for which no validation 
reports have been received. However, there are many errors in models that have supposedly been 
validated based on measured data. The baseline testing and model development is successful 
only if the tests and the modeling are conducted properly.  

The measured accuracy with WECC model databases is the result of the baseline test 
requirement and the associated guidelines that help ensure the models are developed properly. 
The remaining model errors in the database are the result of untested units, poorly developed 
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models, and incomplete validation guidelines, which need to be evaluated and periodically 
updated as problems or necessary additions are identified. The NERC MOD standards do not 
require WECC to continue along this path of model improvement. The new bar for proving 
model validation is lower, more vague, inflexible, and permanent. 

As we expect retirement of thermal power plants in certain parts of WECC, and their 
replacement with a combination of gas-turbines and renewable generators, accurate models need 
to be developed with test data for these new facilities. At the same time, there is a large portion 
of generating fleet undergoing retrofits and replacement of excitation systems and turbine 
controls, which also require detailed model development. Without baseline test requirements and 
modeling guidelines, there should be no expectation that these new models will be adequate. 

For these reasons, we believe that baseline model development must be addressed by the 
Reliability Standards.  

NERC MOD-025, 26, 27 Standards address only periodic model revalidation. However, the 
WECC Generating Facility Model Revalidation Requirements documents should be used a 
technical guideline on how to perform model revalidation. Revalidation using disturbance 
recordings is only valid if using such methods. The NERC standards requirement of “model 
response matches the recorded response for a voltage excursion from either a staged test or a 
measured system disturbance” is a specific “how to” requirement, yet allows a very wide variety 
of interpretations that generator owners could choose to meet the validation requirement. A 
deficiency likely to be exploited or confounding is exhibited in the following example. 
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The figure shows three simulations of a generator under the same operating conditions for the 
exact same system event. The first two cases (red and green) use the exact same system base case 
and dynamic data, except that the PSS on the unit has been disabled in the second case (green). 
The difference in the two simulations would not be significant enough to question the validation 
against a measured response. The third case (black) is the response of generator models and 
operating conditions that are identical to the first case. However, the load flow base case is 
different. Clearly, the system to which the plant is connected to can overwhelmingly impact the 
simulated unit response. Without clear instruction as to how recordings should be used, 
validation is not guaranteed, or even probable.  

B) Applicability 

The WECC Policy applies to generators 10 MVA and greater, and generators within a power 
plant with total capacity of 20 MVA and greater. 

The NERC Standard applies to generators 75 MVA and greater, and generators within a power 
plant with total capacity of 75 MVA and greater. 

Threshold levels based on unit size are always slightly contentious, as they are usually based on 
consensus rather than quantitative data. Studies to support threshold levels are difficult to 
conceive, conduct, interpret, and defend. However, studies should be conducted before threshold 
levels are set into a standard. The mere accounting of affected models is a considerable task in 
itself, but is necessary in order to gain a minimum level of insight into the question. To get an 
appreciation for the makeup of a typical WECC base case, it is useful to look at a histogram, 
such as below: 
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In this case, less than half of the total units make up more than 90 percent of the total MVA 
capacity, while more than half of the generators are less than 75 MVA.  

An examination of the 15HS3 case was summarized in the following: 

  
  WECC Policy Requirement NERC Requirement 
# total units in the 15HS2 Case  3686 3686 
MVA Total in the 15HS2 Case 335686 335686 
# Units required to be validated 3103 2304 
MVA required to be validated 328848 304623 
# (of req) have been validated 1632 1341 
MVA (of req) have been validated 218729 209491 
  
  
By the NERC Standard, 2304/3686 or 62% of the number of units will be required and 
304623/335686 or 90% of the MVA will be subject.  (This exceeds the NERC drafting team’s 
target of 80% of the MVA.)  
 
To go from the NERC Standard requirement to the potential WECC Standard requirement, 799 
(or 799/2304=35%) more units would be required, but add 24225 (or 24225/304623 = 8%) to the 
total MVA. 

Further evaluation was performed to examine the variance between WECC cases, by focusing on 
the 2013 cases in the current study program. The following chart shows some basic statistics of 
the generating units in the cases. 
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Note: The calculations for the above and following charts were performed using load flow case 
data. Units with negative generation were removed from the calculations. Units with 
MBASE=100 were adjusted to a unit MVA rating of Pmax, since there is an inconsistent setting 
of MBASE to 100 for seemingly random units in the base cases. The data labeled Responsive 
consists of those units with governors that are not baseloaded (BL flag set to 0) 

 

The chart above shows the percentage of units in each of the four current 2013 cases that will be 
within the scope of the NERC MOD standards versus those within the scope of the existing 
WECC policy. The data sets are for the total number of units, the total number of units online 
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(status = 1) in the case, the total number of non-baseloaded units (BL flag = 0), and the number 
of online non-baseloaded units. The responsive units (non-baseloaded) are included since they 
are more appropriate to focus on when considering MOD-027. The number of responsive units 
was overestimated in this accounting, since generators without governor models, and therefore 
unresponsive, were included as responsive units. 

 

 

The second chart above shows the same data as percentages of the total case MVA, as opposed 
to total number of units. The significance of the differences between the two charts is arguable, 
but the importance of each depends on how the database is used. For some studies, such as 
examining system frequency recovery to sudden generation-load unbalances, the cumulative 
capacity of the entire interconnection is the significant factor. In other studies, the generator 
models in the local area have a greater impact than the system capacity, or even the 
representation of generators, no matter what size, in other parts of the system. 

For example, the following figure of simulations of a sudden generation loss show the effects of 
the cumulative capacity of the system and the generation control systems. One trace of the 
system frequency was obtained by removing the governors on generator models exempt from the 
WECC validation policy. The other shows the system frequency response when the governor 
models are removed from the units exempt from the NERC standards. The differences between 
the two results are largely the result of the system capacity and relative generator size. 
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However, the differences in the simulation results in the following figure are not as much a 
function of system capacity or relative generator size, but more dependent on the model details 
of individual unit models. The base case is at the borderline of instability after the disturbance. 
When the relatively small (and fewer) generator control system models exempted from the 
WECC Policy are turned off, the case results in even poorer system damping. However, when 
generator control systems exempted by the NERC MOD standards are turned off, the damping is 
very much improved. 
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The implications of these results are:  

1- Generator control system models that are not subject to the current WECC Policy are 
adding a measurable margin of stability in this case. 

2- Generator control system models contributing to instability in this case will not be subject 
to NERC MOD standards. 

A conclusion that can be made here is the generator models not subject to the standards can lead 
to very different interpretations of system stability in this case. 

The following charts illustrate the relative importance to unit size in each of the WECC areas in 
an example base case. The first shows the diversity in the average generator size in each area. 
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The second chart shows the total generator capacity in each of the areas. The third shows the 
ratios between the two. Simple observations include conclusions such as very large generators in 
some areas of the system may impact system studies less than smaller generators in other parts of 
the system. Some large capacity areas consist of smaller units, on average, than areas a fraction 
the size. These types of contextual variables must be considered if studies are to be conducted to 
reach any reasonable conclusions regarding which models should be validated and which should 
not. A defective model for a 50 MVA plant may impact a dynamic stability limit more than a 
high quality model for a 1500 MVA unit. Consider further that for this particular case there are a 
total of 1381 plants (single or multiple units), 817 (59%) of which would not be validated under 
the NERC standard, compared to 620 (45%) that are not applicable to the WECC policy. These 
totals are optimistic, as there are many plants currently below the WECC validation threshold 
that are not represented, but netted out against load in the databases. 

 



15 
 

 

 

 

 

 



16 
 

Following four charts summarize the generating units as a percentage of the total capacity in 
each area (in both MVA and number of generators) that are subject to the WECC Policy and 
MOD standards. 
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The significant item of interest in all the above data is that the generation subject to the model 
validation standards is not equally spread throughout the interconnection, but is biased towards 
areas with larger generators. Some areas, primarily the eastern part of the system will have a 
lower percentage of validated generator models. For example, in Idaho an entire region of 138 
kV connected generation would be exempt from the standard. 

C) Periodicity 

The WECC periodicity for model re-validation is 5 years. The NERC periodicity for model re-
validation is 10 years. This requirement was not given a great deal of consideration during this 
evaluation but was discussed among the drafting team members and interested individuals. The 
majority opinion expressed was that increasing the model validation interval to 10 years was 
undesirable. One common reason given for this opinion was that the 5 year period lines up with 
most other NERC required timelines, such as black start simulations. Another is that many 
generation owners have or are in the process of developing in-house capabilities for model 
validation, but an extension to a 10 year period would be too long to maintain expertise.   

A 10-year periodicity may be adequate for digital control systems, if the baseline model has been 
created accurately. Since the vast majority of new plants use digital controls and most of the 
existing plants are retrofitted with digital controls, increasing the periodicity to 10years may be 
justifiable. There is still a considerable installed base of analog controllers in powerplants 
throughout the power system, and the ratio of digital to analog controlled generators has not been 
investigated.  

However, the needs of WECC and the evolving use of the system model should also be 
considered. The current model database looks very different than the one from ten years ago. In 
the last decade, WECC has implemented major changes in governor models and machine models 
to meet the changing demands of system studies. Reliance on the system model will increase 
with time, and improvements to the existing plant models will be required. For example, the 
increasing desire over the past several years to include excitation limiters in the plant models will 
soon become realizable. If the longer validation period is adopted, studies including the effects of 
excitation limiters in the system will not be happening until 2023. 
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V. ANOTHER PERSPECTIVE 
 

Some of the subject matter experts have concerns about adding a WECC Standard and provided 
counterarguments to some of the arguments for the recommended WECC Standard provided 
above.  The drafting team proposes that these issues be included in the questions asked during 
the initial posting of the proposed WECC Standards for comment. The following summarizes 
those counter arguments:   

1) Despite having a five year revalidation period in the WECC Policy, WECC obviously did 
not consider the five year period to be very important. When the WECC Planning 
Coordination Committee approved a new generator test policy in 2006, they also 
approved an implementation plan that gave everyone a five year grace period from the 
approval date (until 2011) to retest their units, even though many of them had already 
exceeded the five year requirement on the retest approved when the policy was initially 
approved in 1997.  Although some conscientious generator owners met the previous five 
year requirement, many did not. 

2) In addition to the ten year validation requirement, the NERC Standards also require units 
to be revalidated when changes are made that would affect the model; hence the five year 
requirement would only capture drift or unreported changes.  Drift is not a significant 
issue with digital control systems, and most controls are being replaced with digital 
control systems.   

3) Because WECC had a policy rather than a standard, many did not meet the policy.  In 
fact, the additional MVA that will be applicable (that have not already been validated) 
under the NERC Standard (95132 MVA) is much larger than the additional MVA (above 
that required under the NERC Standard) that will be validated by reducing the size 
requirement (24225 MVA).  (These numbers can be derived from the table on page 9).  
As mentioned earlier, to go from the NERC Standard requirement to the potential WECC 
Standard requirement, 799 (or 799/2304=35%) more units would be required to be tested, 
but add only 24225 (or 24225/304623 = 8%) to the total MVA required to be tested. The 
testing of all these units beyond the NERC Standard requirement will require significant 
resources and will dilute resources needed for testing the larger units. People expert at 
doing generator testing are in limited supply. If we require a lot more (number of units) to 
be tested, that will dilute the attention that can be given to the larger units.   

4) It could be argued that NERC Standards already imply a baseline test requirement.  The 
generator owners must provide correct data for their units, which I would argue they are 
already required to do under MOD 12 and will be required to do under the MOD B 
requirements.  The baseline test requirement does provide additional guidance regarding 
how they can provide good data for their generator. Generally "how to" requirements do 
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not make good standards.  I view baseline testing requirements as essentially 
documentation requirements, because they largely require that the generator owner have 
documentation regarding how they established the baseline (initial) data. There is also a 
reluctance to have documentation standards. 

5) The MOD standards are essentially modeling standards, and are not intended to address 
maintenance issues.  Some of the arguments for the additional WECC Standards are 
related to improving maintenance by identifying maintenance issues. The needed 
corrections would be to maintain the unit, not to change the data. 

VI. RECOMMENDATIONS 

The drafting team recommends pursuing the drafting of a WECC regional standard or regional 
variance for model validation requirements. The purpose of a NERC standard should be to 
increase the reliability of the regional interconnections. The NERC MOD-026 and MOD-027 
standards do not meet this intent for WECC, which has proven it has been for a long time and is 
still on the path to ensure that computer models are adequate for all of its intents. 

This conclusion is based primarily on the absence of a baseline test requirement in the NERC 
standards. The WECC Policy requires that at least once, sufficient tests be conducted on a 
generating unit to develop the proper and accurate computer models for the database. The single 
requirement of the MOD standards, that is, to match measured data against a model, is 
authoritative for revalidation only when the basic structure of the model has been confirmed by 
baseline test data Even so, the requirement is not specific enough to ensure valid models.  

Considering this and the far less stringent applicability and periodicity requirements leads to the 
further conclusion that adopting the NERC standards as a replacement to the WECC policy will 
be detrimental to the WECC model database 
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	Grid planning and operating decisions rely on simulations of the dynamic behavior of the power system. Both technical and commercial segments of the industry must be confident that the dynamic simulation models and database are accurate and up to date...

