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Q1: What is the definition of Disturbance Monitoring Equipment?

A1: Disturbance Monitoring Equipment is defined in the NERC Glossary of Terms.

The following is reproduced from the November 1, 2006 NERC Glossary of Terms: 

For the purposes of this standard, Disturbance Monitoring Equipment, sequence of events recorders, fault recorders, and Dynamic Disturbance Recorders refer to a functional capability, not to discrete stand alone devices.

Sequence of events recording can be done by single function stand alone device or the capability can be provided as part of another device.  These include, but are not limited to, devices such as a protective relay, part of a fault recording device such as a Digital Fault Recorder (DFR), or part of a Supervisory Control And Data Acquisition (SCADA) Remote Terminal Unit (RTU).  Any device capable of recording the status and change of state of a piece of equipment with the specified resolution and meets the functional requirements of the standard may be used.

Fault recording may be done by a single function stand alone device such as a DFR, as part of a protective relay, or as part of a device intended for dynamic disturbance recording if is has a high enough sampling and recording rate.  Any device capable of recording the required waveforms and meets the functional requirements of the standard may be used.

Dynamic disturbance recording may be done by a single function stand alone device, or as part of another device such as a DFR if it has continuous recording capability.  Other devices may be used if they meet the functional requirements of the standard.

Q2:  Why are the attributes specified for the three basic types of records different for each recording function – FR, SOE, and DDR?  

A2: This standard refers to three basic types of recording functions used to analyze the performance of an electric utility protection and control system in response to a disturbance: Fault Recording (FR), Sequence of Event Recording (SOE) and Dynamic Disturbance Recording (DDR). The standard refers primarily to current state of the art equipment that is commonly being used by utilities today but does not exclude older devices which meet the basic application requirements. 

Generally speaking, system faults and the system response to them occur within a very short time period, approximately from 1 to 50 cycles. All of the basic system parameters, voltage and current, are sampled and recorded by FR which are time synchronized by a GPS clock. Since faults can be phase-to-ground, phase-to-phase or three-phase, all of the basic parameters must be recorded to ensure that all the characteristics of any fault are preserved. 

The response of the protective relays and control system to these changing voltage and current parameters is monitored and recorded by Sequence of Events recording functions (SOE). The SOE is recording change of status of critical contacts of the control system along with a GPS universal time tag to show the exact time at which the various devices operated, and thus the exact sequence of operation of the various devices. 

The third device specified, DDR, is used to make a continuous record of inter-area or inter-region load instabilities. Large interconnected systems can have inter-area responses to each other resulting in slow oscillating load swings. These disturbances are characterized by oscillating power swings that can have frequencies in the neighborhood of 0.1 – 4.0 Hz and their duration may be from many seconds to minutes or even hours.

The difference in the nature of the disturbances and the types of stand-alone recording equipment results in the differing attributes. The FR needs a minimum of 16 samples per cycle to get accurate waveforms and to get one millisecond resolution for any digital input which may be used for SOE. The SOE needs to sample at high data rates to get at least 16 samples per cycle to get a one millisecond resolution for any input. Both need to sample at similar rates. The DDR needs to sample at 16 samples per cycle to measure RMS quantities and record them ten times a second to reliably measure oscillations up to five Hz.  Older DDRs that do not record continuously that rely on triggers to initiate, must have a minimum record length of three minutes to insure that the entire event is recorded.  Distributed devices being used for FR, SOE, and/or DDR must be time synchronized within two milliseconds to comply with NERC PRC-018.

The three recording functions described above may be provided within specialized stand-alone devices, or may be integrated into devices which combine the functions, or even within other devices such as digital relays. The performance specifications noted in the Standard for each function must be satisfied.

Q3: I have four substations that meet the requirements for installing a DDR, and they are all close to each other.  Can I install just one DDR?

A3: The standard states that if a substation requiring a DDR is one or two substations away from a substation that has a DDR at a common voltage level, then the DDR is optional.  Referring to the diagram below, if Substation A meets the criteria for installing a DDR, but Substation B or Substation C has a DDR, then the DDR at Substation A is optional.  If Substation E has a DDR, but there are no DDRs at Substation B or Substation C, then a DDR is required.

If Substation E meets the criteria for installing a DDR, but Substation G and Substation H both have DDRs, a DDR must be installed at Substation E because both Substation G and Substation H are at a different voltage level.  If there was a DDR at Substations B, C, D, or F, the DDR at Substation E would be optional.  


Q4: For straight-line bus arrangements, since the line voltage is equal to the bus voltage as long as the circuit breaker remains closed, and therefore as long as the circuit breaker can pass fault current, are bus PTs "sufficient to determine" the line voltage from the standpoint of R2.2, or are actual line PTs required for monitoring of the line?

A4: Bus PTs are sufficient.  

Q5: For the arrangement shown below, does oscillography require six DFR potential inputs (three phase on two buses), or does it require 30 potential inputs (three phase on eight lines and two buses)?
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A5: Only 6 DFR potential inputs are required.

Q6: The NERC standard requires a reporting resolution of two milliseconds, but the RFC standard requires a reporting accuracy of one millisecond.  Relays such as the SEL-321, and many others, only sample at 960 Hz, and can not provide an SOE record with one millisecond resolution. Even some relays with higher sampling rates, because of processing times, can not report with one millisecond accuracy.

A6: R1.3 allows for an internal timing latency of 1/4 of an electrical cycle. R1.4 now requires: “SOE recording equipment shall have millisecond (or better) time stamp capability (i.e. seconds shall be recorded to at least the third decimal ss.000).”  This relates to the precision not the accuracy.

Q7: The requirement, both in R1 and in R2, that “Transmission Owners and Generator Owners shall ensure that equipment is installed” seems unclear and unspecific.  Why doesn’t the draft Standards simply require that Transmission Owners and Generator Owners each simply install the relatively owned equipment?
A7: The current requirements were developed to address numerous stakeholder comments relating to the requirement to install the relevant equipment. Simply requiring the Transmission Owners and Generation Owner to install the relevant equipment presents several problems:

a.
If Transmission Owners installed the equipment relevant to their facilities, and Generation Owners did the same, duplicate monitoring may result. This isn’t a problem as it pertains to the actual equipment monitored, and may even be beneficial in the event of DME failures, but it potentially results in additional costs to the entities.

b.
Regardless of the NERC Functional Model definitions, there are many different actual equipment ownership arrangements between generation-only entities and the transmission entities to which they are connected.  For example, a generation entity may or may not actually own the connection breakers in the transmission substation.  These ownership arrangements add difficulties to drafting of meaningful requirements.

As a result of these problems and various stakeholder comments, the SDT developed the requirement that the owner of the equipment is responsible.  Both relevant entities are encouraged to cooperate to monitor the relevant quantities on common actual physical DME.  

Q8: The requirement in R3, that “Transmission Owners and Generator Owners shall ensure that equipment is installed” seems unclear and unspecific.  DDRs are transmission equipment; why doesn’t the draft Standards simply require that Transmission Owners simply install them?

A8: The current requirements were developed to address numerous stakeholder comments relating to the requirement to install the relevant equipment.  Simply requiring the Transmission Owners to install the relevant equipment presents a significant problem:

a.
One sub-requirement relates to installation of DDRs due to connected generation.  Transmission Owners objected to having to install (and, perhaps, more to the point, pay for installing) DDRs simply due to the connected generation.  

As a result, the SDT developed the requirement that each entity is responsible to monitor their equipment. If a DDR needs to be installed at both a generating plant and associated transmission substation it may be more effective for both entities to work together to attain compliance.  

Q9: What is the rationale behind selection of the requirements for selection of DDR locations? They seem to be varied and unrelated to each other, and sometimes seem either unclear (the requirement relating to DDRs in metro areas) or redundant (the requirement relating to DDRs associated with generation plants).

A9: The various categories of locational requirements were developed to align, one-for-one, with the suggested attributes in NERC PRC-002-1. Metro areas (major load centers in NERC PRC-002-1) are listed specifically if a major metropolitan area somehow does not have a DDR required due to one of the other locational requirements, and this does, admittedly, seem unlikely. It also seems unlikely that there will be a generation plant meeting the size requirement in the Standard without also meeting the transmission line requirement. However, both of these are possible; thus they are specifically addressed.

Q10: Why are DDRs required to monitor only one phase of voltage and current?  Should they not monitor all three phases of all voltage and current quantities?

A10: Because of the nature of events that DDRs are intended for, unbalanced quantities are less important. With continuous monitoring via DDRs (or the record length associated with triggered DDRs), memory requirements could become quite a problem if monitoring similar to the Fault Recorders were required. For DME that records both fault records and dynamic records, it may be possible to easily monitor all phase quantities on DDR, and the entity may exceed the requirements of the Standard if they wish.

Q11: What does it mean to “derive” opening and closing of circuit breakers as described in Requirement R 1.1.2?

A11: The status change of a circuit breaker can be recorded in a direct manner by utilizing the auxiliary contacts of the breaker or it can be derived indirectly from the analog channels. To derive change in the breaker opening or closing status change, it is essential to pay careful attention to the analog channels used, the station configuration, the pre-fault station equipment status and the location of the PTs and CTs being monitored. This attention is necessary to ensure that the measured voltage or current is sufficient to determine the change of status of the breaker for ANY opening or closing condition. For example, if you have line side PTs and you close a single breaker to energize the line, the appearance of the voltage would be sufficient to indicate when that breaker closed only if you can ascertain that the remote breaker(s) are still open; the ability to sense line charging current, as well, would help here. Similarly, if you have a breaker-and-a-half arrangement you need to ensure that the CTs of both breakers are monitored independently. You will also need to ensure that there will be measurable current to uniquely identify each breaker’s change of status. Considerable care is required to make certain that all maintenance conditions, automatic operations and contingencies are covered so that under any foreseeable circumstances the status change of the breaker will be evident.

Term: Disturbance Monitoring Equipment


Acronym: DME


Definition: Devices capable of monitoring and recording system data pertaining to a Disturbance. Such devices include the following categories of recorders1:


• Sequence of event recorders which record equipment response to the event


• Fault recorders, which record actual waveform data replicating the system primary voltages and currents. This may include protective relays.


• Dynamic Disturbance Recorders (DDRs), which record incidents that portray, power system behavior during dynamic events such as low frequency (0.1 Hz – 3 Hz) oscillations and abnormal frequency or voltage excursions.


 


1 Phasor Measurement Units and any other equipment that meets the functional requirements of DMEs may qualify as DMEs.
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