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Disclaimer 
 
The Midwest Reliability Organization (MRO) Standards Committee (SC) is committed to providing 
training and non-binding guidance to industry stakeholders regarding existing and emerging 
Reliability Standards.  Any materials, including presentations, were developed through the MRO SC 
by Subject Matter Experts (SME) from member organizations within the MRO Region.   
 
In 2014, SMEs in the field of Protection System Maintenance and Testing were brought together to 
prepare a guide for complying with NERC Reliability Standard PRC-005-2 – Protection System 
Maintenance. Participants include representatives from Transmission Operators (TOPs), Generator 
Operators (GOPs) and Distribution Providers (DPs). The SMEs continued their efforts in order to meet 
the subsequent versions through PRC-005-6 Protection System, Automatic Reclosing, and Sudden 
Pressure Relaying Maintenance. 
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application guidance for the standard addressed. Ultimately, demonstrating compliance depends on a 
number of factors including the precise language of the standard, the specific facts and circumstances, 
and quality of evidence.    
 
These documents may be reproduced or distributed to any person or entity only in its entirety. 
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INTRODUCTION 

The intention of this guidance document is to assist entities to meet the requirements of and 
maintain compliance with NERC Reliability Standard PRC-005-6 – Protection System, Automatic 
Reclosing, and Sudden Pressure Relaying Maintenance. 
 
Stakeholders need to understand what is included and excluded from PRC-005-6 as it relates to 
the Bulk Electric System (BES) definition (effective July 1, 2014). Major changes have been made 
to the previous PRC-005 Standard, this guidance document will aid in further implementation of 
the new standard.  

Description of each version of PRC-005 

 
Version Enforcement Date Description 
-1 6/18/2007 Entity develop PSMP with activities and intervals 

for five component types.  Action of protection 
considered 

-2 4/1/2015 NERC defines activities and intervals. Includes 
UVLS, UFLS, and SPS.  Purpose of protection 
considered 

-2i 5/29/15 Aggregate total BES Dispersed power resources > 
75 MVA 

-2ii N/A superseded by V6 
Implementation 

SPS now RAS * 

-3 N/A superseded by V6 
Implementation 

Added Automatic Reclosing 

-3i N/A superseded by V6 
Implementation 

Aggregate total BES Dispersed power resources > 
75 MVA 

-3ii N/A superseded by V6 
Implementation 

SPS now RAS * 

-4 N/A superseded by V6 
Implementation 

Added Sudden Pressure Relaying 

-5 N/A superseded by V6 
Implementation 

Removal of required maintenance of dispersed 
generation 

-6 1/1/16 Added Supervisory associated with Automatic 
reclosing.  Combine implementation of versions -3, -
4, -5, and -6 

 
* Monitor the development of PRC-012-2 which requires that a RAS be functionally tested to verify the proper 
operation of all non-protection components. 
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The SME Team provides guidance to stakeholders on how to apply the Standard Requirements 
and implementation of the Protection System Maintenance Program (PSMP). 
 
The SME Team has also prepared a presentation (see Appendix B) and example documentation 
from its utilities to provide a Standards Application Guide (SAG) overview to help guide entities 
on the applicability of BES Facilities to the Standard. 

Facilities 

Section 4.2 of PRC-005-6 defines the Protection Systems that are subject to the required 
maintenance activities and intervals. 
  
4.2. Facilities:  

4.2.1 Protection Systems and Sudden Pressure Relaying that are installed for the purpose of 
detecting Faults on BES Elements (lines, buses, transformers, etc.).  

4.2.2 Protection Systems used for underfrequency load-shedding systems installed per ERO 
underfrequency load-shedding requirements.  

4.2.3 Protection Systems used for undervoltage load-shedding systems installed to prevent system 
voltage collapse or voltage instability for BES reliability.  

4.2.4 Protection Systems installed as a Remedial Action Scheme (RAS) for BES reliability.  

4.2.5 Protection Systems and Sudden Pressure Relaying  for generator Facilities that are part of 
the BES,  except for generators identified through Inclusion I4 of the BES definition,  
including:  

 
4.2.5.1 Protection Systems that act to trip the generator either directly or via lockout or 

auxiliary tripping relays.  

4.2.5.2 Protection Systems for generator step-up transformers for generators that are 
part of the BES.  

4.2.5.3 Protection Systems and Sudden Pressure Relaying for station service or excitation 
transformers connected to the generator bus of generators which are part of the 
BES, that act to trip the generator either directly or via lockout or tripping 
auxiliary relays.  

 
4.2.6 Protection Systems and Sudden Pressure Relaying for the following BES generator  

Facilities for dispersed power producing resources identified through Inclusion I4 of the 
BES definition: 

 
4.2.6.1 Protection Systems and Sudden Pressure Relaying for Facilities used in 

aggregating dispersed BES generation from the point where those resources 
aggregate to greater than 75 MVA to a common point of connection at 100kV or 
above. 

 



P a g e  | 8 
 

The MRO Subject Matter Expert Team is an industry stakeholder group which includes subject matter experts from MRO member 
organizations in various technical areas. Any materials, guidance, and views from stakeholder groups are meant to be helpful to industry 
participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified. 

4.2.7 Automatic Reclosing1, including: 
 

4.2.7.1 Automatic Reclosing applied on the terminals of Elements connected to the BES 
bus located at generating plant substations where the total installed gross 
generating plant capacity is greater than the gross capacity of the largest BES 
generating unit within the Balancing Authority Area or, if a member of a Reserve 
Sharing Group, the largest generating unit within the Reserve Sharing Group2. 

 
4.2.7.2 Automatic Reclosing applied on the terminals of all BES Elements at substations 

one bus away from generating plants specified in Section 4.2.7.1 when the 
substation is less than 10 circuit‐miles from the generating plant substation. 

 
4.2.7.3 Automatic Reclosing applied as an integral part of an RAS specified in Section 

4.2.4. 

Bulk Electric System (BES) 

In general, the definition of the BES is “all Transmission Elements operated at 100 kV or higher 
and Real Power and Reactive Power resources connected at 100 kV or higher. This does not 
include facilities used in the local distribution of electric energy.”3  
 
Using the applicable facilities section of PRC-005-6 and the definition of the BES, the SME Team 
has analyzed different Protection Systems to determine whether PRC-005-6 is applicable. 

Definitions 

Automatic Reclosing – Includes the following components: 
 

• Reclosing relay 
• Supervisory relay(s) or function(s) – relay(s) or function(s) that perform voltage and/or 

synch check functions that enable or disable operation of the reclosing relay 
• Voltage sensing devices associated with the supervisory relay(s) or function(s) 
• Control circuitry associated with the reclosing relay(s) or function(s) 

 
 
 
 

                                                 
1 Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment owner can 
demonstrate that a close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-
close-trip time delay) does not result in a total loss of gross generation in the Interconnection exceeding the gross 
capacity of the largest relevant BES generating unit where the Automatic Reclosing is applied. 
2 The largest BES generating unit within the Balancing Authority Area or the largest generating unit within the 
Reserve Sharing Group, as applicable, is subject to change. As a result of such a change, the Automatic Reclosing 
Components subject to the standard could change effective on the date of such change. 
3 See NERC Glossary of Terms for complete definition at page 18.  

http://www.nerc.com/pa/stand/glossary%20of%20terms/glossary_of_terms.pdf
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Protection System4: 
 

• Protective relays which respond to electrical quantities  
• Communications systems necessary for correct operation of protective functions  
• Voltage and current sensing devices providing inputs to protective relays  
• Station dc supply associated with protective functions (including station batteries, battery 

chargers, and non-battery-based dc supply), and  
• Control circuitry associated with protective functions through the trip coil(s) of the 

circuit breakers or other interrupting devices 
 
Protection System Maintenance Program (PSMP)5:  
 
An ongoing program by which Protection System, Automatic Reclosing Components are kept in 
working order and proper operation of malfunctioning Components is restored.6 A maintenance 
program for a specific Component includes one or more of the following activities:  

• Verify — Determine that the Component is functioning correctly  
• Monitor — Observe the routine in-service operation of the Component  
• Test — Apply signals to a Component to observe functional performance or output 

behavior, or to diagnose problem  
• Inspect — Examine for signs of Component failure, reduced performance or degradation 
• Calibrate — Adjust the operating threshold or measurement accuracy of a measuring 

element to meet the intended performance requirement 
 
Sudden Pressure Relaying – A system that trips an interrupting device(s) to isolate the 
equipment it is monitoring and includes the following Components: 
 

• Fault Pressure relay – a mechanical relay or device that detects rapid changes in gas 
pressure, oil pressure or oil flow that are indicative of Faults within liquid filled, wire-
wound equipment 

• Control circuitry associated with a fault pressure relay 
 

                                                 
4 Id. at page 63. 
5 Id. at page 64-66. 
6 PRC-005-2 does not require any reference to Automatic Reclosing or Sudden Pressure Components be within the 
PSMP.   Automatic Reclosing Components were added in PRC-005-3 (version 3, effective April 1, 2016). Sudden 
Pressure Components were added in PRC-005-4 (version 4 – pending FERC approval). 
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Protection Systems 

Protection Systems Included R1 

1) Protection Systems that are installed for the purpose of detecting Faults on BES Elements 
(lines, buses, transformers, etc.). (Section 4.2.1 from PRC-005-2).7 
 

2) If a protection zone encompasses BES and non-BES elements, the Protection System is 
covered by PRC-005-2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
7 Please note that this would not include out of step tripping or blocking relays. 

All elements in figures 1-11 below (i.e. breakers, lines, buses, transformers. etc.) shown in:  

• Blue are considered a BES element   
• Green are considered Non-BES elements   
• A breaker that does not operate during a fault is displayed as solid box (filled)  
• A breaker that fails to operate is designated by an X over the breaker 

 
The zone of protection of each Protection System is shown as: 

• A red oval if the Protection System is included within PRC-005-2    
• A green oval if the Protection System is excluded within PRC-005-2   

 
The zone of protection of a breaker failure relay is shown as a rectangle around that breaker. 
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a) Transformer Protection Systems connected to CT’s on a BES-breaker (i.e., ring bus or 

breaker and a half). This Protection System not only protects the transformer, but also 
protects a BES-bus and detects Faults on BES Elements (BES-bus). (Figure 1) 
 
 

Figure 1. 
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b) Radial lines directly connected to BES ring bus or breaker and a half bus. (Figure 2) 

 
 

 
Figure 2.  
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3) Protection Systems for station service or excitation transformers connected to the generator 

bus of generators which are part of the BES, that act to trip the generator either directly or via 
lockout or tripping auxiliary relays. (PRC-005-2, §4.2.5.4). (Figure 3) 
 
 

 
Figure 3. 
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4) Any breaker failure relay that detects the failure of a breaker that is defined as a BES breaker, 

or non-BES breaker that trips a single BES generator (Figure 4) or an aggregate of BES 
generators.  
 
 

 
Figure 4. 
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Exemption for Exclusion 

Through the application of the July 1, 2014 definition of the BES and the BES net process, facilities 
may receive a self-determined exclusion or may have been excluded through the exception process 
as being a BES asset. A study can be done to exclude the facilities and with that, the associated 
protection systems (the zone of protection shown as an orange oval see Figure 5). The study to 
exclude this protection system should determine if power flows in the reverse direction through 
the transformer into the BES under any scenario or contingency(s), or actual power flow through 
the transformer is measured and has not flown into the BES. Protection Systems for the excluded 
facilities are not subject to the application of PRC-005-2. 
 

 
Figure 5. 
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Protection Systems Excluded 

The SMET created four rules that help determine if a protection system is excluded from PRC-
005-2. The rules are not all inclusive. However, they are described throughout this section and 
shown in Figures 6 through Figure 11. 
 

1. If the protection zone covers only non-BES elements, then the protection scheme is not 
covered by PRC-005-2. (Figures 6 and 7) 
 

 
Figure 6. 
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Figure 7. 
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2. Any breaker failure relay that detects the failure of a non-BES breaker is excluded, unless 

that breaker failure relay trips a BES generator. (i.e., the high-side or low-side breaker of a 
non-BES transformer connected to a BES bus.) Even though this relay may detect Faults 
on BES Elements (the BES bus), the purpose of the relay is to detect current flowing 
through the failed non-BES breaker. (Figures 8 and 9) 

 

 
Figure 8. 
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Figure 9. 
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3. Any Protection System installed for the purpose of detecting Faults on only non-BES 

Elements regardless of the actions of that Protection System opening or disconnecting a 
BES element. (Figures 10 and 11) 
 

 
Figure 10. 
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Figure 118 

 
 

4. A control system that acts to trip the generator is excluded from PRC-005-2. A control 
system is not considered a Protection System and it does not detect BES faults. 

 

 

 

 

 

                                                 
8 The transfer trip communications to Substation B (Figure 11) would most likely be initiated by the detected failure 
of either BES breaker A or B and therefore would be included in PRC-005-2. 
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Protection Systems Maintenance Activities 

Unresolved Maintenance Issue (Requirement R5) 

Deficiencies identified during a maintenance activity that cause the component to not meet the 
intended performance, and cannot be corrected during the maintenance interval, require initiation 
of a follow-up corrective action. The requirement does not state how quickly a corrective action 
for unresolved maintenance issues needs to be resolved. A catastrophic failure may require more 
multiple maintenance intervals to resolve a maintenance issue (i.e., a fire, flood, or hurricane will 
take more than the four-month interval required for the battery maintenance). Replacing a failed 
electromechanical relay with a new panel of microprocessor relays may take three to four years 
due to budgeting, design, procurement, and scheduling outage for installation. 
 
Once the corrective actions have been completed, the maintenance records shall be updated to 
reflect the successful results. Documentation of unresolved maintenance issues may include but is 
not limited to corrective work order, email requesting budget approval, email stating project budget 
approved, project work orders, replacement component orders, invoices, project schedules with 
completed milestones, return material authorizations (RMAs), or purchase orders. 

Failed Element Tests 

Each element may have multiple types of documentation methods available to validate the 
completion of maintenance activities. Any time a check box is used as documentation a step or 
process was completed, procedural documents must be available in order to validate the 
significance of the check box. Any element that receives a “fail” check mark must be resolved and 
documented prior to the end of the maintenance interval, otherwise, the element shall be addressed 
as an unresolved maintenance issue (R5). 

Data Retention 

Data retention has been reduced from the two most recent performances to only the most recent 
performance in those cases where the interval of the maintenance activity is longer than the audit 
cycle.9 
 
However, NERC Reliability Standard PRC-005-1.1b only requires that the Protection System 
owner shall retain evidence of the implementation of its PSMP for three years. A Protection System 
owner may have a longer data retention period within its PRC-005-1.b PSMP, and therefore, may 
require documentation for implementation prior to April 4, 2012. Keep the most recent 
performance of each distinct maintenance activity for the Protection System Component, or all 
performances of each distinct maintenance activity for the Protection System Component since the 
                                                 
9 For elements which have been removed from service, entities shall retain maintenance records for those elements 
for the current audit period as described above which may pre-date the prior audit. The minimum requirement for 
commissioning records of the replacement element is documentation of the dates of the tests under this standard. 
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previous scheduled audit date, whichever is longer, dating back to June 18, 2007 (date PRC-005 
initially was enforceable).  

Protective Relay Maintenance Activities (Table 1-1 and Table 2) 

Acceptable documentation to verify that settings are as specified 

• A check box stating the relay settings were verified
• Pass/Fail relays setting verification stated in relay test report

The settings within the relay are compared to specified settings within corporate records.  
Microprocessor settings could be verified locally or remotely. 

For non-microprocessor relays: 
Acceptable documentation to verify relays were tested and, if necessary calibrated 

• Relay test report
o Date
o Relay identification
o Tester ID (not required, but is a good control)
o Test results proving the test was performed (lock-out relay (LOR) and auxiliary relays

are tested per Table 1-5 for Control Circuitry)
o Pass/Fail-is auditor friendly but not required

• Relay calibration is not required to be documented, but this may be helpful for asset renewal

Electro Mechanical 
Relay.pdf

For microprocessor relays: 
Acceptable documentation to verify operation of the relay inputs and outputs that are essential to 
proper functioning of the Protection System, and verification that the alarm path conveys alarm 
signals to a location where corrective action can be initiated (Table 2).10 

• Relay test report
o Date
o Relay Identification
o Tester ID (not required, but is a good control)

• A check box stating the essential relay outputs/inputs were verified
• Pass/Fail essential relay outputs/inputs verification stated in relay test report
• A check box stating the relay monitoring alarms were verified
• Pass/Fail essential relay monitoring alarm verification stated in relay test report

10 Verify the actual operation of the output contact (i.e. test continuity at test switch, trip LOR, or trip breaker).  
Viewing an event report does not confirm the output actually closed; it only proves the logic to actuate the output 
picked up.  Inputs can be confirmed via event reports. 
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The requirement to verify the proper functioning of an analog to digital (AD) converter within a 
microprocessor relay can be satisfied by any of the following documentation: 

1. A check box stating during the CT/PT testing, if there is another CT/PT value to be 
compared to. (i.e., if you compare the energized system metered values within the primary 
relay to the secondary relay. This would satisfy both your AD converter testing and PT/CT 
testing.) 

2. A check box stating currents or voltages measured by an independent meter were 
accurately measured within the relay. 

3. A check box stating known currents or voltages were injected from a test set and verified 
to be accurately measured within the relay. 

4. A test report showing known currents or voltages were injected from a test set and verified 
to be accurately measured within the relay. 
 

Microprocessor 
Relay.pdf  

Communication Systems Maintenance Activities (Table 1-2 and Table 2) 

Required maintenance activities for Communication Systems (from Table 1-2): 
1) Verify that the communications system is functional, by verifying a signal initiated at the 

sending end results in correct receiver output at the remote end  
 

2) Verify operation of communications system inputs and outputs that are essential to proper 
functioning of the Protection System 

 
3) Verify that the alarm path conveys alarm signals to a location where corrective action can 

be initiated (Table 2) 
 
Acceptable documentation for the Communication Systems maintenance activities above 
(Examples are not all inclusive, but any would be acceptable): 

• Test report 
o Date 
o Communication system identification 
o Tester ID (not required, but is a good control) 

• A check box stating the verification of the required maintenance activity of Communication 
Systems  

• Pass/Fail stated in Communication Systems test report 
(Or) 

• Highlighted schematics or one-lines 
 
Acceptable documentation for the Communication Systems maintenance activities: Verify that the 
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communications system meets performance criteria pertinent to the communications technology 
applied (e.g. signal level, reflected power, or data error rate).11 
 
• Communication test report 

o Date 
o Communication equipment identification or associated relay identification 
o Tester ID (not required, but is a good control) 

• Check box stating transmitted/received levels were adequate or record transmitted/received 
levels (for power line carrier, tone, and microwave only).  Not applicable to digital 

• Check box stating reflective power was adequate or record Reflective power levels (for power 
line carrier, tone, and microwave only).  Not applicable to digital 

• Record propagation and/or data error rate (for fiber/digital only), unless monitored 
• Pass/Fail-is auditor friendly but not required 

 
• Communication System calibration is not required to be documented, but this may be helpful 

for asset renewal12 
 
 

Communication 
Fiber.pdf

Communication 
Carrier.pdf

Communication 
Carrier Management 

   

Communication 
Relays Test Procedur

 

Voltage and Current Sensing Devices Providing Inputs to Protective Relays Maintenance 
Activities- (Table 1-3) 

Acceptable Maintenance Activities for online CT/PT Testing: 
 
Acceptable documentation to verify that current and voltage signal values are provided to the 
protective relays. (Examples are not all inclusive, but any would be acceptable.) 
 
• CT/PT test report 

o Date 
o CT/PT identification 
o Tester ID (not required, but is a good control) 

• A check box stating “Verify current and voltage signal are received” 
• A meter command  from a microprocessor printout 

                                                 
11A check box stating a time synched end-to-end test done during preventative maintenance is acceptable 
documentation. However, this would typically be done during commissioning, after a scheme has been modified, after 
a change of power line carrier frequency, when a new component essential to the communication scheme is installed 
or modified, or a misoperation due to poor communication coordination. A time synched end-to-end is not required 
during preventative maintenance activities within PRC-005-2. 
12 SCADA points list or operator screen shot would be acceptable documentation of monitoring. 
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• Pass/Fail verify that current and voltage signal values are provided to the protective relays 
stated in test report 

• Measured current or voltage values recorded 

Acceptable Maintenance Activities for offline CT/PT Testing: 
 
Some PT/CT’s for generators, reactors, or capacitors cannot be energized during testing. If the 
applicable entity has a microprocessor protecting the element (generator, reactor, or capacitor), an 
event report can be triggered when the element is energized. Then the event report can be saved as 
documentation of CT/PT testing. If the element has not been energized and therefore hasn’t created 
an event report (i.e., large capacitors that are prevented from being in service due to system 
conditions), then the applicable entity must:  
 
• CT/PT test report 

o Date 
o CT/PT identification 
o Tester ID (not required, but is a good control) 

• Verify the signal values (voltage or current) are provided from the CT/PT primary to the relay 
inputs. Testing Methods: (Test 1, test 2, or test 3 are acceptable examples but are not all 
inclusive). 

 
(Test1) 
• Inject current or voltage on primary of CT/PT and confirm signal values reach the 

inputs of the relay(s). 
Or 

(Test 2) 
• Inject current or voltage at the relay terminal and confirm signal values reach the 

secondary of CT/PT (i.e. lamp test). 
And 

• Any test that would confirm a voltage or current applied to the primary will reach the 
secondary of the voltage or current sensing device as expected.13 
Or 

(Test 3) 
• Using a test set inject current or voltage at the secondary of CT/PT and confirm signal 

values reach the inputs of the relay(s). 
And 

• Any test that would confirm a voltage or current applied to the primary will reach the 
secondary of the voltage or current sensing device as expected. 

                                                 
13 An acceptable test but not limited to, CT excitation test and PT turns ratio tests can be compared to baseline data. 
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In summary as stated in the NERC Supplementary Reference and FAQ PRC-005-3: If online 
testing is deemed too risky, offline tests, such as, but not limited to, CT excitation test and PT turns 
ratio tests can be compared to baseline data and be used in conjunction with CT and PT secondary 
wiring insulation verification tests to adequately “verify the current and voltage circuit inputs 
from the voltage and current sensing devices to the protective relays …” while eliminating the risk 
of tripping an in service generator or transformer. Similarly, this same offline test methodology 
can be used to verify the relay input voltage and current signals to relays when there are no other 
instrument transformers monitoring available for purposes of signal comparison. 

CT/PT Test Results for voltages or currents expected to be close to 014: 

• CT/PT test report 
o Date 
o CT/PT identification 
o Tester ID (not required, but is a good control) 

• Measure voltage induced on operating circuit quantities should appear equal to or close to 
0, and verify all CT’s are carrying load. 
Or 

• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Current differential relays with parallel CT connections: 

• CT test report 
o Date 
o CT identification 
o Tester ID (not required, but is a good control) 

• Measure operating circuit quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load. 
Or 

• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Line Protection neutral currents. 

• Circuit report 
o Date 
o Circuit identification 
o Tester ID (not required, but is a good control) 

• Measure 3IO and 3VO quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load.  Typically transmission systems are not perfectly balanced and 
some very small value (i.e., 0.01 A) should be measured. 
 

                                                 
14 High impedance differential relays (i.e., PVD, SBD, SEL-587Z) with parallel CT connections: 



P a g e  | 28 

The MRO Subject Matter Expert Team is an industry stakeholder group which includes subject matter experts from MRO member 
organizations in various technical areas. Any materials, guidance, and views from stakeholder groups are meant to be helpful to industry 
participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified. 

Voltage and 
Current.pdf

Protection System Station DC Supply Maintenance Activities (Table 1-4(a) through Table 1-
4(f)) 

All required battery maintenance activities and documentation are fairly straight forward. 

Protection System owners can verify that the station battery can perform as manufactured by 
performing periodic internal ohmic measurements, float current, float voltage, temperature, 
specific gravity, or combinations of these tests on station batteries, OR the users may elect to 
perform capacity tests. It is the owner’s responsibility to validate a baseline from new on every 
make/model/type of battery. Going forward the owner must maintain a documented process using 
the chosen testing parameters and methodology that determines where the battery cannot perform 
as manufactured. 

In order to verify battery continuity, you could turn off the battery charger, and clamp onto the 
battery load terminals and verify current is flowing to station DC load. This can be documented 
by either a check box or pass/fail of battery continuity verified. 

Table 1-4(e) requires the DC Voltage to be measured for an unmonitored SPS tripping non-BES 
breakers, non-distributed UFLS systems, or non-distributed UVLS systems every 12 calendar 
years. This can be documented by either a check box or pass/fail of DC voltage verified, or the 
recording of the measured value. 

Table 1-4(f) does enable exclusions from maintenance activities for monitored Station DC 
supplies. 

4 Month Battery 
Inspection.pdf

18 Month Battery 
Test.pdf

battery 18 
month.pdf

Battery 6 Year.pdf

Control Circuitry Associated With Protective Functions Maintenance Activities (Table 1-5) 

Acceptable documentation for all maintenance activities of Control Circuitry (examples are not 
all inclusive, but any would be acceptable): 
• Circuit test report

o Date
o Circuit identification
o Tester ID (not required, but is a good control)

• A check box stating the verification of any required maintenance activity of Control Circuitry
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• Pass/Fail stated in Control Circuitry test report 
• Highlighted schematics or one-lines 
• A detailed list of each trip path for a breaker, auxiliary relay, or LOR that is signed and dated 
 
For lockout testing PRC-005-2 requires a functional trip. As an example, a test using a relay output 
and station battery DC to trip the LOR is adequate.15 
 

DC Control Ck 
A.pdf

DC Control Ck 
B.pdf  

Maintenance Activities for UFLS and UVLS Systems 
Distributed UFLS/UVLS Systems are systems at one substation (distribution substations, non-BES 
or BES substations) that operate more than one interrupting device with an individual or multiple 
relays at that substation, or one device that sends a signal to operate multiple interrupting devices 
at multiple substations.16 
 
After thorough review of UFLS/UVLS activities in PRC-005-2 Tables, the SME Team has 
determined there is no difference between the maintenance activities of a distributed or non-
distributed UFLS/UVLS system. 

UFLS/UVLS Relay: 
Acceptable documentation to verify that settings are as specified 

• UFLS/UVLS relay test report 
o Date 
o UFLS/UVLS relay identification 
o Tester ID (not required, but is a good control) 

• A check box stating the relay settings were verified  
• Pass/Fail relays setting verification stated in relay test report 
 
For non-microprocessor relays: 
Acceptable documentation to verify tested and, if necessary calibrate 

• Relay test report 
o Date 
o UFLS/UVLS relay identification 
o Tester ID (not required, but is a good control) 

                                                 
15Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective 
relay or UFLS/UVLS relay that is considered included within PRC-005-2. Per Supplementary reference and FAQ 
Section 15.3 
16 If the UFLS/UVLS is non-distributed you must follow maintenance activities and intervals in Tables 1-1 through 
1-3, Table 1-4(e), and Table 1-5.  If the UFLS/UVLS is distributed you must follow maintenance activities and 
intervals in Tables 3. 
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o Pass/Fail-is auditor friendly but not required 
• Relay calibration is not required to be documented, but this may be helpful for asset renewal 
 
For microprocessor relays: 
Acceptable documentation to verify operation of the relay inputs and outputs that are essential to 
proper functioning of the UFLS or UVLS, and verification that the alarm path conveys alarm 
signals to a location where corrective action can be initiated (Table 2). 

• Relay test report 
o Date 
o UFLS/UVLS relay identification 
o Tester ID (not required, but is a good control) 

• A check box stating the essential relay outputs/inputs were verified 
• Pass/Fail essential relay outputs/inputs verification stated in relay test report 
• A check box stating the relay monitoring alarms were verified 
• Pass/Fail essential relay monitoring alarm verification stated in relay test report 
 
The requirement to verify the proper functioning of an AD converter within a microprocessor relay 
can be satisfied by any of the following documentation: 

1. A check box stating during the CT/PT testing, if there is another CT/PT value to be 
compared to. (i.e., if you compare the energized system metered values within the primary 
relay to the secondary relay. This would satisfy both your AD convertor testing and PT/CT 
testing.) 

2. A check box stating currents or voltages measured by an independent meter was accurately 
measured within the relay. 

3. A check box stating known currents or voltages was injected from a test set and verified 
to be accurately measured within the relay. 

4. A test report showing known currents or voltages was injected from a test set and verified 
to be accurately measured within the relay. 
 

Under Frequency 
Load Shedding (UFL     

UFLS A.pdf

 

UFLS/UVLS Associated Communication Equipment: 
 
For distributed UFLS/UVLS there is no required maintenance. For non-distributed UFLS/UVLS 
associated communication equipment most likely does not exist. 
 

UFLS/UVLS Voltage sensing device: 
 
Acceptable documentation to verify that voltage signal value is provided to the UFLS/UVLS 
relays. (Examples are not all inclusive, but any would be acceptable.) 
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• UFLS/UVLS voltage sensing device test report 
o Date 
o UFLS/UVLS voltage sensing device identification 
o Tester ID (not required, but is a good control) 

• A check box verifying that voltage signal value is provided to the 
UFLS/UVLS relay 

• A meter command  from a microprocessor printout 
• Pass/Fail verify that voltage signal value is provided to the 

UFLS/UVLS relays stated in test report 
• Measured UFLS/UVLS voltage value recorded 

UFLS/UVLS DC Supply: 
 
The DC Voltage is to be verified at the output(s) that trips the interrupting device(s) for a 
UFLS/UVLS system. This can be documented by either a check box or pass/fail of DC voltage 
verified, or the recording of the measured value. The maximum maintenance interval for this is 12 
calendar years. 17 

UFLS/UVLS Control Circuitry 
 
UFLS/UVLS control circuitry which includes:18 

1. Path from relay to LOR and/or auxiliary relay and essential supervisory logic 
2. Electrical operation of electromechanical lockout and/or auxiliary relay 

 
Acceptable documentation for all maintenance activities of UFLS/UVLS control circuitry 
(Examples are not all inclusive, but any would be acceptable): 

• UVFLS/UVLS control circuitry test report 
o Date 
o UFLS/UVLS circuit identification 
o Tester ID (not required, but is a good control) 

• A check box stating the verification of UFLS/UVLS control circuitry  
• Pass/Fail stated in UFLS/UVLS control circuitry test report 
• Highlighted schematics or one-lines19 
 

                                                 
17 For UFLS/UVLS DC Supply that is monitored the DC voltage must be verified as described above every 12 years. 
18 A majority of distributed UFLS/UVLS relays will directly trip the trip coil of the non-BES breaker.  There is no 
required maintenance for UFLS/UVLS control circuitry in this case. 
19 Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective 
relay or UFLS/UVLS relay that is considered included within PRC-005-2. (Per Supplementary reference and FAQ 
Section 15.3.1) 
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Automatic Reclosing 

Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment 
owner can demonstrate that a close-in three-phase fault present for twice the normal clearing 
time (capturing a minimum trip-close-trip time delay) still meets the critical clearing time for the 
generation. If both the trip-close-trip time delay and breaker failure time delay are shorter than 
critical clearing time, maintenance requirement for Automatic Reclosing can then be excluded. 
 
The largest BES generating unit within the BAA or the largest generating unit within the Reserve 
Sharing Group, as applicable, is subject to change. As a result of such a change, the Automatic 
Reclosing Components subject to the standard could change effective on the date of such change. 
 
As an example, the largest generator in a BAA is 1550 MW. It is a nuclear plant and there is no 
retirement information available at this time for unit. Therefore, any Automatic Reclosing applied 
on the terminals of Elements connected to the BES bus located at generating plant substations 
where the total installed gross generating plant capacity is greater than the 1550 MW (the largest 
BES generating unit within the BAA for those companies within the BAA. 
 
Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment 
owner can demonstrate one of the below: 
 

1) Two buses away from generating plant where the total installed gross generating plant 
capacity is greater than the 1550 MW, regardless of the circuit miles. 

2) Synchronizing relays for breakers without auto reclosing relays. 
3) A close-in three-phase fault present for twice the normal clearing time (capturing a 

minimum trip-close-trip time delay) does not result in a total loss of greater than 1554 MW 
generation.  The trip-close-trip time delay should be less than breaker failure time delay. 
The breaker failure time delay should be less than the critical clearing time for stability. If 
both the trip-close-trip time delay and breaker failure time delay are shorter than critical 
clearing time, then maintenance requirements for Automatic Reclosing can be excluded. 
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Figure 1220 

 
Substation A: 
In Figure 12 above, the gross capacity of the generation plant at Substation A is larger than the 
largest generator within the MISO’s BAA, therefore all Automatic Reclosing at substation A is 
included within PRC-005-6. The sync check relays on breakers A3 and A7 are excluded since 
these breakers do not have Automatic Reclosing. 
Substation B: 
All Automatic Reclosing at Substation B is excluded because Line AB is greater than 10 circuit-
miles. Substation B is within 10 circuit-miles from the 345 kV bus at Substation A if you add the 
lengths of Line AC and Line BC, but Substation B is two buses away looking at that circuit route. 
Substation C: 
All Automatic Reclosing at Substation C applied on the 345 kV breakers is included within since 
the 345kV bus is one bus away and within 10 circuit-miles of the 345 kV bus at Substation A.  The 
sync check relay on breaker C4 is excluded since it is not associated with Automatic Reclosing. 
All Automatic Reclosing at Substation C on the 138 kV bus is excluded since the 138kV bus is 
two buses away from the 345 kV bus at Substation A. 
Substation D: 

                                                 
20 Each substation has its own ground grid and therefore is considered a separate bus.  Each Automatic Reclosing 
system is shown as 79, but also includes supervisory relays (i.e. 25, 27, and 59). 
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All Automatic Reclosing at Substation D applied on the 345 kV breakers is included within since 
the 345kV bus is one bus away and within 10 circuit-miles of the 345 kV bus at Substation A.  The 
SME Team has determined that a straight bus, ring bus, or breaker and half bus configuration is 
considered one bus. 
Substation E: 
Even though substation E is within 10 circuit-miles of Substation A, all Automatic Reclosing at 
Substation E is excluded because Substation E is two buses away from the 345 kV bus at 
Substation A. 

 
Maintenance Activities for Automatic Reclosing (Table 4-1, 4-2a and 2b, and 4-3) 

Reclosing Relay and Supervisory Relay (Table 4-1) 

Reclosing Relay and Supervisory Relay maintenance activities are described in Table 4-1.  All 
maintenance activities and documentation are the same as the protective relays. See Protective 
Relay Maintenance Activities (Table 1-1 and Table 2) section of the document. 
 

Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may 
be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79). 

Automatic Reclosing Control Circuitry not integral part of RAS (Table 4-2a) 

Microprocessor: 
1. Confirm that the reclosing relay contact is open when that reclosing relay output 

logic is deactivated.21 
 
Electromechanical: 

1. Confirm that the reclosing relay contact is open when that reclosing relay is 
deactivated. 

2. Initiate a reclose and verify that the Automatic Reclosing does not issue a 
premature closing command to the close circuitry.  

Automatic Reclosing Control Circuitry for RAS schemes only (Table 4-2b) 

Automatic Reclosing within a RAS (Table 4-2b): 
1. A check box stating the verification of all Control Circuitry. 
2. A check box stating each close coil or actuator is able to operate the circuit 

breaker or mitigating device. 

                                                 
21The supervisory relay will not cause a premature closing command to the close circuitry. 



P a g e  | 35 
 

The MRO Subject Matter Expert Team is an industry stakeholder group which includes subject matter experts from MRO member 
organizations in various technical areas. Any materials, guidance, and views from stakeholder groups are meant to be helpful to industry 
participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified. 

Automatic Reclosing Voltage Sensing Device (Table 4-3) 

Automatic Reclosing Voltage Sensing Device maintenance activities are described in 
Table 4-3. All maintenance activities and documentation are the same as the protective 
relays voltage sensing devices. See Voltage and Current Sensing Devices providing inputs 
to Protective Relays (Table 1-3) section of the document. 
 
Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may 
be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79). 

Maintenance Activities for Sudden Pressure Relaying (Table 5) 

Fault pressure relay: 
1. Check box stating verified the pressure or flow sensing mechanism is operable 

with a go/no go test. 22  
 

• Westinghouse SPR- remove plug to actuate device per Westinghouse test 
procedure 

• Bucholtz relay-push button to actuate the device. 
• Qualitrol Sudden Pressure Relief (SPR) – use Qualitrol test kit (hand pump and 

pressure gage) to actuate device. 
• Qualitrol Fault Pressure Relief (FPR) – reach in flip switch to actuate device, then 

manually reset. 
• Qualitrol Rapid Pressure Rise relay (RPR) – use Qualitrol test kit (hand pump and 

pressure gage) to actuate. 
• ABB Gas Detector Relay (GDR) – use pump to actuate device per ABB test 

procedure. 
 
Note: No need to remove device from transformer from testing/maintenance. Some entities 
only alarm for the operation of the devices listed above, maintenance of devices listed 
above not required if device does not trip breakers. 
 
Sudden Pressure Relaying Control Circuitry and LOR: 

2. All maintenance activities and documentation are the same as Control Circuitry 
Associated with Protective Functions Maintenance Activities (Table 1-5). See 
Control Circuitry Associated with Protective Functions Maintenance Activities 
(Table 1-5) section of this document. 

Performance-Based Maintenance (Attachment A of PRC-005-6) 
To establish performance-based maintenance (PBM):  

                                                 
22 Section 15.9.1 of FAQ Fault pressure relay may include Bucholtz relay, Westinghouse SPR, and/or Qualitrol 
RPR. 
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1. Determine the population of components in segment.  Make sure that population exceeds 
60. 

2. Maintain per Tables 1-1 through 1-5 and Table 3 (i.e., table 1-5 for breaker trip coils or 
LORs - 6 years) until maintenance activity results are available for 30 components. 

3. Document maintenance activities including maintenance dates and countable events.  
a. Countable event-failure requiring repair or replacement during maintenance 
b. Countable event-Misoperation due to hardware or calibration failure (i.e., for 

breakers: only hardware failure applies to trip coils) 
4. Analyze program to determine performance. 
5. Analyze countable events not to exceed 4%, for the greater of either last 30 maintained or 

all maintained in last year. 
 
Assessment for confirming establishing PBM: (only required for the initial establishment of PBM 
program) 

1. Request population size; must be greater than 60. 
2. Confirm the first 30 components were maintained per Tables 1-1 through 1-5 and Table 3 
3. Request number of countable events. 
4. Determine maximum PBM interval where countable events will not exceed 4% of 

population tested. (If countable events = 0, then maintain 5% of population.) 

Example Maximum PBM Interval calculation: 

1,000 population  
100 components tested 
1 countable event 
 
Failure rate = countable events / components tested = 1/100 = 1% 
Minimum components tested at Maximum Interval = countable events / (maximum 
failure rate of 4%) = 1/.04 = 25 
Maximum Interval = population / Minimum components tested at Maximum Interval = 
1000/25 = 40 years  

 
5. Maintain those components at or below that maximum interval. Always be sure to 

calculate the maximum maintenance interval with a failure rate not to exceed 4%. 
 
To continue to use PBM the applicable entity must: 

1. Annually update components and segments. 
2. Prove they have tested at least 5% of the population annually. 
3. Calculate the maximum interval not to exceed a 4% failure rate/countable events. (If 

countable events = 0, then maintain 5% of population) 
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4. Analyze prior year data. If the percentage countable events exceed 4% for the greater of 
either last 30 maintained or all maintained in last year, create an action plan to reduce the 
countable events below 4% within 3 years. 

5. Do not exceed 4% countable events of segment tested for 3 consecutive years following 
the year the countable events first exceeded 4%. 

 
Assessment to confirm entity is properly continuing PBM: 

1. Request population size; must be greater than 60. 
2. Request population tested. Entity must test at least 5% of population. 
3. Request number of countable events. 
4. Request maximum # of failures. 
5. Determine maximum PBM interval where countable events will not exceed 4% of 

population tested.  Maintain those components at or below that maximum interval. 
6. If countable events exceeds 4% of population tested, request action plan to reduce 

countable events below 4% within 3 years. 

PBM Table 

Brand specific (Lockout Relay) LOR23 

Year 
Total  

Population 
 

Tested 
% Tested  

(must exceed 5%) # of Failures 
Maximum 

# of Failures (4%) 

Maximum 
PBM 

Interval 

2014 859 49 5.7% 0 1 Test 5% 

2013 824 89 10.8% 1 3 32.96 Years 

2012 824 62 7.5% 0 2 Test 5% 

2011 824 140 17.0% 0 5 Test 5% 

2010 824 266 32.3% 0 10 Test 5% 

2009 824 205 24.9% 0 8 Test 5% 

PRC-005-2 Implementation 
This section contains suggested implementation plan to meet the requirements of NERC Standard 
PRC-005-2.  The Implementation Plan is intended to give an applicable entity the ability to 

                                                 
23 See NERC Supplementary Reference and FAQ PRC-005-3 Section 9. Performance-Based Maintenance Process. 
 



P a g e  | 38 
 

The MRO Subject Matter Expert Team is an industry stakeholder group which includes subject matter experts from MRO member 
organizations in various technical areas. Any materials, guidance, and views from stakeholder groups are meant to be helpful to industry 
participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified. 

transition from the maintenance intervals and activities according to PRC-005-1 to the required 
maintenance intervals and activities in PRC-005-2.   

Maintenance Intervals 

If an applicable entity has an existing maintenance interval that is shorter than the required 
maintenance intervals within PRC-005-2 and also includes all the maintenance activities within 
PRC-005-2, then the applicable entity can immediately transition to the new required maintenance 
intervals. 
 
If an applicable entity has an existing maintenance interval that is shorter than the required 
maintenance intervals within PRC-005-2, but does not include all the maintenance activities within 
PRC-005-2, then the applicable entity can immediately transition to the new required maintenance 
intervals and activities. 
 
If an applicable entity has an existing maintenance interval that is longer than the required 
maintenance intervals within PRC-005-2, the applicable entity can transition to the new required 
maintenance intervals and activities per the Implementation Plan Project 2007-17 Protection 
Systems Maintenance and Testing PRC-005-2. During the implementation plan you must not 
exceed your existing (PRC-005-1) maintenance interval.   
 
You must be able to show when you are 30%, 60%, and 100% compliant according the 
implementation plan. (See table below.)24 Your compliance percentage should be calculated on a 
component basis. (i.e., if you have 10,000 microprocessor relays with monitoring. 3,000 must be 
tested according to new required activities by 4/1/2019; 6,000 by 4/1/2023, and all 10,000 by 
4/1/2027. If you had 10,000 electro-mechanical relays. 3,000 must be tested according to new 
required activities or replaced by 4/1/2017; 6,000 tested or replaced by 4/1/2019, and all 10,000 
tested or replaced by 4/1/2021. It may be helpful to know the number of relays in service as of 
4/1/2015.)  

Implementation Plan Data Table V2 

Max. 
Maintenance 
Interval 

% Compliant By  

Less than 1 year  100%  Oct. 1, 2015 (1D/1Q 18 mo. following regulatory approval)  

1–2 calendar years  100%  Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)  

3 calendar years  30%  Apr. 1, 2016 (1D/1Q 24 mo. following regulatory approval)1  

3 calendar years  60%  Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)  

                                                 
24 The dates of compliance percentage are different for each Province of Canada.   
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3 calendar years  100%  Apr. 1, 2018 (1D/1Q 48 mo. following regulatory approval)  

6 calendar years  30%  Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)2  

6 calendar years  60%  Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)  

6 calendar years  100%  Apr. 1, 2021 (1D/1Q 84 mo. following regulatory approval)  

12 calendar years  30%  Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)  

12 calendar years  60%  Apr. 1, 2023 (1D/1Q 108 mo. following regulatory approval)  

12 calendar years  100%  Apr. 1, 2027 (1D/1Q 156 mo. following regulatory approval)  
 
1 Or, for generating plants with scheduled outage intervals exceeding two years, at the conclusion 
of the first succeeding maintenance outage. 
2 Or, for generating plants with scheduled outage intervals exceeding three years, at the 
conclusion of the first succeeding maintenance outage.  

PRC-005-6 Implementation  
 
The Implementation Plan for PRC-005-6 includes Automatic Reclosing and Sudden Pressure 
Relaying. The Implementation Plan is intended to give an applicable entity the ability to transition 
to the new required maintenance intervals and activities according to PRC-005-6.  
 
PRC-005-6 is effective on 1/1/2016 and all entities need to update their PSMP’s by 1/1/2017. 

Maintenance Intervals 

If an applicable entity has an existing maintenance interval that is shorter than or equal to the 
required maintenance intervals within PRC-005-6 and also includes all the maintenance activities 
within PRC-005-6, then the applicable entity can immediately transition to the new required 
maintenance intervals. 
 
You must be able to show when you are 30%, 60%, and 100% compliant according to the 
implementation plan. (See table below.) Your compliance percentage should be calculated on a 
component basis.   

Example 30%, 60%, and 100% compliant dates: 

If an entity has 10 microprocessor automatic reclosing and/or supervisory relays with monitoring; 
3 must be tested according to new required activities by 1/1/2021; 6 components by 1/1/2025, and 
all 10 components by 1/1/2029. If an entity has 201 sudden pressure relays; 60 must be tested 
according to new required activities or replaced by 1/1/2019; 120 components must be tested or 
replaced by 1/1/2021, and all 201 components must be tested or replaced by 1/1/2022. 
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Implementation Plan Data Table V625 

R1, R2 , R5 100% 
Compliant 

By January 1, 2017 

Max. 
Maintenance 
Interval  

% 
Compliant By  

6 calendar years  30%  Jan 1, 2019 (1D/1Q 36 mo. following regulatory approval) 

6 calendar years  60%  Jan 1, 2021  (1D/1Q 60 mo. following regulatory approval)  

6 calendar years  100%  Jan 1, 2023  (1D/1Q 84 mo. following regulatory approval)  

12 calendar years  30%  Jan 1, 2021  (1D/1Q 60 mo. following regulatory approval)  

12 calendar years  60%  Jan 1, 2025  (1D/1Q 108 mo. following regulatory approval)  

12 calendar years  100%  Jan 1, 2029  (1D/1Q 156 mo. following regulatory approval)  

 
 
 
Additional applicable Automatic Reclosing Components may be identified because of the addition 
or retirement of generating units; or increases of gross generation capacity of individual generating 
units or plants within the BAA. In such cases, the responsible entities must complete the 
maintenance activities within the maintenance intervals from the time of becoming applicable as 
described in Table 4, for the newly identified Automatic Reclosing Components, unless 
documented prior maintenance fulfilling the requirements of Table 4 is available. 

  

                                                 
25 The dates of compliance percentage could be different for each Province of Canada. 
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Revision History 

Revision Effective Date Author(s) Approver(s) Summary of Changes 

1.0 4/8/2015 SMET MRO SC Original Issue 

2.0 2/03/2016 SMET MRO SC • Added revision history and 
summary of changes to PRC-005 

• Updated 4.2 Facilities 
• Added definitions from the 

standard 
• Protective Relay Maintenance 

Activities (Table 1-1 and Table 2) 
• Updated Data Retention to align 

with PRC-005-4 
• Added SME discussion on Relay 

Setting Verification. 
• Added PRC-005-3 and -6 

Automatic Reclosing facilities 
included and excluded 

• Added maintenance activities for 
PRC-005-3, -4, and -6 

• Added PRC-005-5 facilities 
excluded 

• Added PRC-005 -6 
Implementation Plan 

• Moved management practices to 
Appendix C 

2.1 4/20/2017 Staff PRC-005 
SMET, 

MRO SC 

• Added Failed Element Test page 
22 

• Modified Unresolved 
Maintenance Issue page 22 

2.2 10/09/2017 Staff PRC-005 
SMET, 

MRO SC 

• Replaced “interpret with “apply” 
page 7 

• Removed Facility applicability 
4.2.5.4 

• Updated fields required on test 
reports for consistency  

2.2a 6/4/2018 Staff  • Repaired links to attached 
documents 
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Appendix A – References  
 
1. NERC Reliability Standard PRC-005-2(i) – Protection System Maintenance 
2. NERC Reliability Standard PRC-005-6 - Protection System, Automatic Reclosing, and Sudden 

Pressure Relaying Maintenance 
3. Supplementary reference and FAQ PRC-005-3 -  System Protection Maintenance 
4. NERC Rules of Procedure Appendix 5C - Procedure for Requesting and Receiving an 

Exception from the Application of the NERC Definition of the BES 
5. NERC Glossary of Terms used in Reliability Standards 
6. Bulk Electric System Definition Reference Document 
7. Implementation Plan Project 2007-17 - Protection Systems Maintenance and Testing PRC-

005-2 

Appendix B – Power Point Presentation 
 

PRC-005-2 
Application Guidance.

PRC-005-6 
Presentation.pptx  

Appendix C – Recommended Management Practices 

 
Management practices are not required but will assist to provide reasonable assurance regarding 
the achievement of objectives. Listed below are practices/controls that may be utilized by utilities: 
 

• A secure asset database is a great tool for managing the assets within a PSMP. 
• A secure Protection System maintenance documentation database is a great tool for 

managing the documentation of testing. 
• Clear reports and/or dashboard showing components approaching maximum interval or 

maintenance history. 
• A well-documented process of issuing Protection System maintenance work orders, 

which includes equipment failures, corrective action plans, and asset verification. 
• Peer review of all or a random sample of Protection System maintenance work order 

documents.  
• Automated test reports that are clear and concise as to PASS/FAIL. 
• Test reports clearly cover the exact activities within the standard Tables 1-1 through 

Table 3. 
• Periodic review of PSMP and test procedures. 
• A descriptive revision history of PSMP. 
• Annual training of field personnel on PSMP and test procedures with attendance records. 
• A well-documented process of issuing Protection System settings. 

http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=PRC-005-2(i)&title=Protection%20System%20Maintenance&jurisdiction=United%20States
http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=PRC-005-6&title=Protection%20System,%20Automatic%20Reclosing,%20and%20Sudden%20Pressure%20Relaying&jurisdiction=United%20States
http://www.nerc.com/pa/Stand/Project%202007172%20Protection%20System%20Manintenance%20and/Supplementary_Reference_Rev_April_clean_2013.pdf
http://www.nerc.com/FilingsOrders/us/RuleOfProcedureDL/Appendix_5C_ProcForReqAndRecExFromAppOfNERCDefBES_20140701.pdf
http://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf
http://www.nerc.com/pa/RAPA/BES%20DL/BES%20Definition%20Approved%20by%20FERC%203-20-14.pdf
http://www.nerc.com/pa/Stand/Pages/PRC0052RI.aspx
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• A central database that stores the settings that are in the field. 
• Automated remote verification of microprocessor settings. 
• Self-audit of PSMP and Testing Documentation (described below). 

PRC-005-6 Self-Audit of PSMP and Testing Documentation 

Request a list of all substations that contain BES Protection Systems included within PRC-005-
6.26   
 
The request should provide a list of all the BES relays, relays schemes, zones of protection, or 
relay panels included within PRC-005-6, depending on how the entity tracks their relays.  Many 
entities have large asset databases of 10,000+ relays and may keep track of relay schemes, zones 
of protection, or relay panels rather than individual relays. The list of relays should provide a list 
of any of the following: relays, relays schemes, zones of protection, or relay panels depending on 
how the entity tracks their relays. Relays, relays schemes, zones of protection, or relay panels will 
be referred to as relays in the paragraphs below. 
 
After randomly selecting the relays from the acquired list of relays, request documentation of 
maintenance of that relay, its associated voltage or current sensing devices, communication 
equipment, DC circuitry, and/or DC supply. 
 
Do not randomly select a voltage or current sensing device from a substation because it may be 
connected to multiple relays within that substation, which would mean there would be multiple 
test reports. There would be multiple test dates and it would be difficult to determine if the entity 
has met the required test intervals within Table 1-3. 

 
 

 

                                                 
26 A request for 100 kV and above substations can be misleading. 
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Location: 


Equip #: 


Equip Position: 


EXAMPLE 


BA-Example-1 


EXAMPLE 125 V SUBST 


Equip Type: 


Manufacturer: 


Model: 


Battery 


ALCAD 


SD11 


Serial #: Mfg Date: 4/1/2000 00:00 


Charger Amps: 


DC Supply Voltage: 


Battery Electrolyte Level OK: 


No Unintentional Grounds: 


Battery Condition: 


Ground Test Negative: 


Ground Test Positive: 


Fuses in Good Condition: 


Breakers Reset: 


Battery Placard Posted: 


2.50 amps 


135.00 volts 


Y 


Y 


OK 


OK 


OK 


OK 


OK 


Y 


Rev 3.4.04 


Inspection Form 


EXAMPLE Substation Inspection 


Inspection Start Date Inspection End Date Inspection Type 


12/1/2014 12:30 12/1/2014 14:00 Patrol 


Reading Type 


BatteryInspection 
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Disclaimer


The Midwest Reliability Organization (MRO) Standards Committee (SC) is committed to 
providing training and non-binding guidance to industry stakeholders regarding existing and 
emerging Reliability Standards.  Any materials, including presentations, were developed through 
the Standards Committee by Subject Matter Experts from member organizations within MRO.   


The materials have been reviewed by MRO staff and provide reasonable application guidance for 
the standard(s) addressed.   Ultimately, demonstrating compliance depends on a number of factors 
including the precise language of the standard, the specific facts and circumstances, and quality of 
evidence.   


These documents may be reproduced or distributed to any person or entity only in its entirety. 
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This is a guidance document that is intended to assist entities 
to meet the requirements of and maintain compliance with 
NERC Reliability Standard PRC-005-2 – Protection System 
Maintenance.
The team has also prepared this presentation and example 
documentation from their utilities to provide a Standards 
Application Guide (SAG) overview and help guide entities on 
applicability of Bulk Electric System (BES) Facilities to the 
Standard.


Purpose
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Merges and retires the following NERC Reliability Standards
 PRC-005-1
 PRC-008-0
 PRC-011-0
 PRC-017-0


Addresses FERC directives from Order 693, including that NERC 
establish maximum allowable maintenance intervals
No basis required


PRC-005-2
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Specific maintenance activities and intervals. Dependent on
 Equipment type
 Type of Monitoring used
 Time based or performance based


Performance-Based (any component beside DC supply)
No grace periods that would exceed maximum intervals
No exceptions


PRC-005-2
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Protective relays which respond to electrical quantities,
Communications systems necessary for correct operation of 
protective functions,
Voltage and current sensing devices providing inputs to protective 
relays, 
Station dc supply associated with protective functions (including 
station batteries, battery chargers, and non-battery-based dc supply), 
and 
Control circuitry associated with protective functions through the 
trip coil(s) of the circuit breakers or other interrupting devices.


Source: Glossary of Terms used in NERC Reliability Standards. 


“Protection System” Definition
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http://www.nerc.com/docs/standards/rs/Glossary_of_Terms_2010April20.pdf
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An ongoing program by which Protection System, Automatic 
Reclosing (PRC-005-3), and Sudden Pressure (PRC-005-4) 
Components are kept in working order and proper 
operation of malfunctioning Components is restored. A 
maintenance program for a specific Component includes 
one or more of the following activities: 


“Protection System Maintenance 
Program (PSMP)” Definition
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Verify — Determine that the Component is functioning correctly. 
Monitor — Observe the routine in-service operation of the 
component. 
Test — Apply signals to a component to observe functional 
performance or output behavior, or to diagnose problems. 
Inspect — Examine for signs of component failure, reduced 
performance or degradation.
Calibrate — Adjust the operating threshold or measurement 
accuracy of a measuring element to meet the intended performance 
requirement.


Source: Glossary of Terms used in NERC Reliability Standards. 


“Protection System Maintenance 
Program (PSMP)” Definition (cont’d) 
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hthttp://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf
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1. Protection Systems that are installed for the purpose of 
detecting Faults on BES Elements (lines, buses, transformers, 
etc.) PRC-005-2, §4.2.1.


Note: This does not include out of step tripping or blocking


Protection Systems Included 
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BES
> 100 kV


Total Generation > 75 MW


BES


Protection Included PRC-005-2 


< 100 kV


Aggregated generation 
directly connected to 
the BES through a low 
voltage system


Protection 
Excluded
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The Outage Of Any One Element That Would 
Cause The Outage Of > 75 MVA Of Generation
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2. If a protection zone encompasses BES and non-BES elements, 
then this protection is covered by PRC-005-2.
a) Transformer Protection that is connected to CT’s on a BES-


breaker (i.e., ring bus or breaker and a half).  This 
protection system not only protects the transformer, but 
also protects a BES-bus and detects Faults on BES 
Elements (BES-bus).


b) Radial lines directly connected to BES ring bus or breaker 
and a half bus.


Protection Systems Included 
(continued) 
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B


BES


FAULT ON BUS1


BREAKERS A AND B
OPERATE


2


1
2


2


A


BES


>100 kV
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Protection Included in PRC-005-2: per §4.2.1


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from 
MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder 
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NOTE:  Transformer Differential Protection is 
connected to CTs on breakers A and B.  The purpose 
of the protection includes the BES bus between 
breakers A and B, and detects faults on either the 
BES bus or the NON-BES line and transformer (Zone 
of protection circled in Red).


Distribution Transformer Protection 
connected to CTs on BES breakers







BES


Fault on Bus1


Breakers A & B trip


1


BES


BES
RING OR BREAKER 
AND A HALF BUS
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> 100 kV


Protection connected to 
CT’s on breakers A & B


222


3
XFMR LOW SIDE
< 100 kV


33


A


NOTE:  Radial Line Protection is connected to CTs on breakers A and B.  The  purpose of 
the protection includes the BES bus between breakers A and B, and detects faults on 
either the BES bus or the NON-BES radial line (Zone of protection circled in Red).


B


Radial Transmission Line Protection 
connected to CTs on BES breakers 
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3. Protection Systems for station service or excitation 
transformers connected to the generator bus of generators 
which are part of the BES, that act to trip the generator 
either directly or via lockout or tripping auxiliary relays. 
(PRC-005-2, §4.2.5.4).


Protection Systems Included 
(continued) 
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>
 1


0
0


 k
V


GEN > 20 MW


BES
Station service transformer 
Protection Included in PRC-005-2: 
per §4.2.5.4 Protection Systems 
for station service or excitation 
transformers connected to the 
generator bus of generators which 
are part of the BES, that act to trip 
the generator either directly or via 
lockout or tripping auxiliary 
relays.
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Station Service Transformer Protection 
System trips BES generator
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4. Any breaker failure relay that detects the failure of a breaker 
that is defined as a BES breaker, or non-BES breaker that 
trips a single BES generator or an aggregate of BES 
generators.


Protection Systems Included 
(continued) 
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>
 1


0
0


 k
V


GEN > 20 MW


PRC-005-2
BES


Primary or secondary 
station service transformer 
that does not trip generator 
excluded per §4.2.5.4


PRC-005-2
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Station Service Transformer Protection 
System does not trip BES generator


Breaker failure included in 
PRC-005-2: per §4.2.5.4 would 
trip the generator via lockout 
relay.
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A study can be done to exclude Facilities and their protection 
systems.  The study to exclude this Facility and protection system 
should determine if power never flows in the reverse direction 
through the transformer into the BES under any scenario or 
contingency(s), or actual power flow through the transformer is 
measured and has not been shown to flow into the BES.


Protection Systems Included,
unless study is done to show it 
should be excluded
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BES


DIST. SUB


> 100 kV


BES


> 50 kV, but < 100kV


> 100 kV


BES
BES


BES definition allows a study 
to exclude protection 
systems and Facilities in 
orange.  Excluded if the 
study determines that power 
never flows towards the BES 
through the transformers.
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>100 kV Radial Lines Connected By 
A Looped Subtransmission System 


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various 
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Protection systems and 
Facilities in green are 
always excluded.
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1. If the protection zone covers only non-BES elements, then 
the protection scheme is not covered by PRC-005-2.


Protection Systems Excluded 
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B


BES


FAULT ON TRANSFORMER1


FAULT INTERRUPTER 
OPERATES 


2


BREAKERS A AND B
DO NOT OPERATE


3


1


2


33


A


BES
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> 100 kV


Excluded from PRC-005-2
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Distribution Transformer protection 
connected to CTs on Non-BES breaker







BES


DIST. SUB


> 100 kV


BES


< 50 kV


> 100 kV


BES
BES


Excluded from PRC-005-2: 
not part of BES
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>100 kV Radial Lines Connected By 
A Looped Subtransmission System 
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Protection systems and 
elements in green are 
always excluded.
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2. Any breaker failure relay for a breaker that is defined as a 
non-BES breaker, unless that breaker fail relay trips a BES 
generator. (i.e., the high-side or low-side breaker of a non-
BES transformer connected to a BES bus.) 


Note: Even though this relay may detect Faults on BES Element (the BES 
bus), the purpose of the relay is to detect current flowing through the 
failed non-BES breaker.


Protection Systems Excluded 
(continued)


26







The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various 
technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be 


considered approved or endorsed by MRO staff or its board of directors unless specified.    


C


BES


X
FAULT ON TRANSFORMER1


BREAKER C FAILS TO CLEAR 
THE FAULT


2


RELAYING TRIPS BREAKERS A & B3


1


2


33


B


A
BES


BES RING OR BREAKER 
AND A HALF BUS


27


Transformer  Breaker Failure Protection 
for Non-BES Breaker


> 100 kV
Breaker failure 
relay for Non-
BES breaker 
excluded from 
PRC-005-2







C


SUB A SUB B


Non-BES SUB w/ distributed 
generation backfeed


XFault on BES line1


Non-BES Breaker C fails to 
clear fault


2


Transfer Trip sent to Sub A
& Sub B is excluded


3


1


2


33


28


Breaker Failure W/ Transfer Trip


> 100 kV


Note: Excluded from PRC-005-2 even if 
breaker failure relaying protecting 
transformer from failed Non-BES 
interrupter can detect BES fault current.  
Its purpose is to detect any current 
flowing through Breaker C.
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Line protection included in 
PRC-005-2.
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3. Any protection system installed for the purpose of detecting 
Faults on only non-BES Elements regardless of the actions of 
that protection system opening or disconnecting a BES 
element.


Protection Systems Excluded 
(continued)
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B


BES


FAULT ON TRANSFORMER1


BREAKERS A AND B
OPERATE


2


1
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A


BES
>100 kV


30


Protection 
System 
Excluded 
from 
PRC-005-
2
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NOTE:  Transformer Differential Protection is 
connected to CTs on high-side bushings of transformer.  
The  purpose of the protection excludes the BES bus 
between breakers A and B, and detects faults only on 
the NON-BES transformer (Zone of protection circled in 
green).


Distribution Transformer protection 
connected to CTs on Non-BES transformer







SUB A SUB B


DIST. SUB


FAULT ON LOW-SIDE
OF TRANSFORMER


1


Distribution relay closes 
ground switch 
(Protection Excluded).  
Its purpose is to protect 
Non-BES transformer


2


RELAYS AT SUB A & 
SUB B DETECT GROUND 
FAULT (Protection 
included)


1


2


33


31


Protective Relay Operated Grounding 
Switch


> 100 kV
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B


A


C


SUB A


SUB B


DIST. SUB


Fault on high-side of transformer1


Relay detects too much fault current for 
C to clear (Excluded from PRC-005-2)


2


Relaying trips A/B & sends Transfer 
Trip to SUB B


3


1


2


333


>100 kV


32


Transfer Trip
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4. A control system that acts to trip the generator is excluded 
from PRC-005-2.  A control system is not considered a 
protection system.
Subject Matter Expert Team (SMET) considers these as 
protection systems:
• loss of field
• reverse power
And these as control system examples:
• exciter controls
• capacitor controls


Control Systems Excluded 
(continued)
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Purpose
Definitions
Facilities: Protection Systems included or excluded 


Acceptable Maintenance Activities for each element 
of Protection System
Acceptable Maintenance Activities for UFLS/UVLS equipment
Performance Based Maintenance
Implementation Plan
References


Topics
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Verify that settings are as specified:
 A check box stating the relay settings were verified 
 Pass/Fail or Yes/No/NA relays setting verification stated in relay 


test report


Protective Relay Maintenance 
Activities 
(Table 1-1 and Table 2)
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For non-microprocessor relays:
 Test and, if necessary calibrate (only activity that requires more 


than a check box)
Relay test report
 Date
 Relay identification
 Tester ID (not required, but is a good control)
 Test results proving the test was performed (lock out relay (LOR) 


and auxiliary relays are tested per Table 1-5 for Control Circuitry)
 Pass/Fail-is auditor friendly but not required


Protective Relay Maintenance Activities 
(Table 1-1 and Table 2) (continued)
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Note: Relay calibration is not required to be documented, but this
may be helpful for asset renewal.


Protective Relay Maintenance Activities 
(Table 1-1 and Table 2) (continued)
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For microprocessor relays:
 Verify operation of the relay inputs and outputs that are essential 


to proper functioning of the Protection System.
 A check box stating the essential relay outputs/inputs were verified
 Pass/Fail essential relay outputs/inputs verification stated in relay test 


report
 A check box stating the relay monitoring alarms were verified
 Pass/Fail essential relay monitoring alarm verification stated in relay test 


report


Protective Relay Maintenance Activities 
(Table 1-1 and Table 2) (continued)
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Note: Verify the actual operation of the output contact (i.e., test 
continuity at test switch, trip LOR, or trip breaker).  Viewing an 
event report does not confirm the output actually closed; it only 
proves the logic to actuate the output picked up.  Inputs can be 
confirmed via event reports.


Protective Relay Maintenance Activities 
(Table 1-1 and Table 2) (continued)
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For microprocessor relays:
 Verify acceptable measurement of power system input values.


 A check box stating during the CT/PT testing, if there is another CT/PT value 
to be compared to. (i.e. if you compare the energized system metered 
values within the primary relay to the secondary relay. This would satisfy 
both your AD convertor testing and PT/CT testing.)


 A check box stating currents or voltages measured by an independent 
meter were accurately measured within the relay.


 A check box stating known currents or voltages were injected from a test 
set and verified to be accurately measured within the relay.


 A test report showing known currents or voltages were injected from a test 
set and verified to be accurately measured within the relay.


Protective Relay Maintenance Activities 
(Table 1-1 and Table 2) (continued)
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Electro-Mechanical or Solid-State


Microprocessor


Sample Tests for a Protective Relay
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Microprocessor Relay Test Example


42


Alarms tested
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1. Verify that the communications system is functional, by 
verifying a signal initiated at the sending end results in 
correct receiver output at the remote end.


2. Verify operation of communications system inputs and 
outputs that are essential to proper functioning of the 
Protection System.


3. Verify that the alarm path conveys alarm signals to a location 
where corrective action can be initiated (Table 2).


Communication Systems Maintenance 
Activities (Table 1-2 and Table 2) 
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A check box stating the verification of each required 
maintenance activity of Communication Systems above.
Verify that the communications system meets performance 
criteria pertinent to the communications technology applied 
(e.g., signal level, reflected power, or data error rate).


Communication Systems Maintenance 
Activities (Table 1-2 and Table 2) 
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Tests for Communication


45


Communication test report
 Date
 Communication equipment identification or associated relay identification
 Check box stating transmitted/received levels were adequate or record 


transmitted/received levels (for power line carrier, tone, and microwave only).  Not 
applicable to digital


 Check box stating reflective power was adequate or record Reflective power levels 
(for power line carrier, tone, and microwave only).  Not applicable to digital


 Record propagation and/or data error rate (for fiber/digital only), unless monitored
 Pass/Fail-is auditor friendly but not required


Sample Carrier Sample Digital
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A check box stating verify that current and voltage signal values 
are provided to the protective relays.
A meter command from a microprocessor
Pass/Fail verify that current and voltage signal values are 
provided to the protective relays stated in test report
Measured current or voltage values recorded


Voltage and Current Sensing 
Devices Maintenance Activities 
(Table 1-3 and Table 2)
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CTs/PTs


Sample Test for Voltage and Current
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All required battery maintenance activities and documentation are fairly straight 
forward.


In order to verify battery continuity you could turn off battery charger, and clamp 
onto the battery load terminals and verify current is flowing to station DC load.  This 
can be documented by either a check box or pass/fail of battery continuity verified.


Note: If an entity decides not to do load testing, the entity must have a station 
battery baseline for impedance testing.


Table 1-4(e) requires the DC Voltage to be measured for an unmonitored SPS 
tripping non-BES breakers, non-distributed UFLS systems, or non-distributed UVLS 
systems every 12 calendars years.  This can be documented by either a check box or 
pass/fail of DC voltage verified, or the recording of the measured value.


Table 1-4(f) does enable exclusions from maintenance activities for monitored 
Station DC supplies.


Station DC Supply Maintenance 
Activities (Table 1-4 and Table 2)
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4 month


18 month


6 year


Sample Tests for DC Supply
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Any test below is acceptable
 A check box stating the verification of any required maintenance 


activity of Control Circuitry
 Highlighted schematics or one-lines
 A detailed list of each trip path for a breaker, auxiliary relay, or 


LOR that is signed and dated


Control Circuitry Maintenance 
Activities (Table 1-5)
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For lockout testing PRC-005-2 requires a functional trip.  As an 
example, a test using a relay output and station battery DC to 
trip the LOR is adequate.


Any breaker that is determined to be non-BES does not have to 
be tripped, even if it is tripped by a BES protective relay or 
UFLS/UVLS relay that is considered included within PRC-005.


Note: Supplementary reference and FAQ Section 15.3


Control Circuitry Maintenance 
Activities (Table 1-5)
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A list of trip paths signed and dated


A check box


Sample Tests for Control Circuitry
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If the UFLS/UVLS is non-distributed you must follow 
maintenance activities and intervals in Tables 1-1 through 1-3, 
Table 1-4(e), and Table 1-5.  
 If the UFLS/UVLS is distributed you must follow maintenance 


activities and intervals in Table 3.


After thorough review of UFLS/UVLS activities in PRC-005-2 
Tables, the SME Team has determined there is no difference 
between the maintenance activities of a distributed or non-
distributed UFLS/UVLS system.


Under Frequency Load Shedding (UFLS)/ 
Under Voltage Load Shedding (UVLS) 
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Relay maintenance same as Protection System Maintenance
Communication maintenance is generally not applicable for 
non-distributed and not required for distributed
Voltage Sensing Device maintenance same as Protection 
System Maintenance
Station DC Supply maintenance: The DC Voltage is to be 
verified at the output(s) that trips the interrupting device(s) for 
a UFLS/UVLS system. Non-distributed Table 1-4(e) or 
distributed Table 3


UFLS/UVLS Maintenance Activities 
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Path from relay to LOR and/or auxiliary relay and essential 
supervisory logic
Electrical operation of electromechanical lockout and/or 
auxiliary relay
If it is a BES breaker, need to confirm DC circuitry from relay to 
breaker and trip breaker


UFLS/UVLS Control Circuitry 
Maintenance (Table 1-5 or Table 3) 
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Relay


All equipment


Sample Tests for UFLS
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To establish performance based maintenance (PBM): 
1. Determine the population of components in segment.  Make sure that population 


exceeds 60.
2. Maintain per Tables 1-1 through 1-5 and Table 3 (i.e. table 1-5 for breaker trip coils or 


LORs - 6 years) until maintenance activity results are available for 30 components.
3. Document maintenance activities including maintenance dates and countable events .


a) Countable event-failure requiring repair or replacement during maintenance
b) Countable event-misoperation due to hardware or calibration failure (i.e. for 


breakers: only hardware failure applies to trip coils)
4. Analyze program to determine maximum maintenance interval not to exceed a 4% 


failure rate/countable events.
5. Countable events no more than 4% for the greater of either last 30 maintained or all 


maintained in last year.


Performance Based Maintenance 
(Attachment A of PRC-005-2)
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1,000 population 
100 components tested
5 countable event


Failure rate = countable events / components tested = 5/100 = 5%


Minimum components tested at Maximum Interval to failure rate of 
4%: countable events / (maximum failure rate of 4%) = 5/.04 = 125


Maximum Interval = population / Minimum components tested at 
Maximum Interval = 1000/125 = 8 years


Note: If countable events = 0, then maintain 5% of population


Example Maximum PBM Interval 
calculation:
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To continue to use PBM the applicable entity must:
1. Annually update components and segments.
2. Prove they have tested at least 5% of the population annually.
3. Calculate the maximum interval not to exceed a 4% failure 


rate/countable events.
4. Analyze prior year data.  If the percentage countable events exceed 


4% for the greater of either last 30 maintained or all maintained in 
last year, create an action plan to reduce the countable events below 
4% within 3 years.


5. Do not exceed 4% countable events of segment tested for 3 
consecutive years following the year the countable events first 
exceeded 4%.


Performance Based Maintenance 
(Attachment A of PRC-005-2)
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Year Total 
Population Tested


% Tested
(must exceed 5%) # of Failures


Maximum
# of 


Failures 
(4%)


Maximum PBM 
Interval


2014 859 49 5.7% 0 1 Test 5%


2013 824 89 10.8% 1 3 32.96 Years


2012 824 62 7.5% 0 2 Test 5%


2011 824 140 17.0% 0 5 Test 5%


2010 824 266 32.3% 0 10 Test 5%


2009 824 205 24.9% 0 8 Test 5%


Sample PBM for brand specific LOR
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If an applicable entity has an existing maintenance interval that 
is shorter than the required maintenance intervals within PRC-
005-2 and also includes all the maintenance activities within 
PRC-005-2, then the applicable entity can immediately 
transition to the new required maintenance intervals.
If an applicable entity has an existing maintenance interval that 
is shorter than the required maintenance intervals within PRC-
005-2, but does not include all the maintenance activities 
within PRC-005-2, then the applicable entity can immediately 
transition to the new required maintenance intervals and 
activities. 


Implementation 
(from shorter intervals)
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If an applicable entity has an existing maintenance interval that 
is longer than the required maintenance intervals within PRC-
005-2, the applicable entity can transition to the new required 
maintenance intervals and activities per the Implementation 
Plan Project 2007-17 Protection Systems Maintenance and 
Testing PRC-005-2.  
 During the implementation plan you must not exceed your 


existing (PRC-005-1) maintenance interval.


Implementation 
(from longer intervals)


656/4/2018







Max. Maintenance Interval % Compliant By


Less than 1 year 100% Oct. 1, 2015 (1D/1Q 18 mo. following regulatory approval)


1–2 calendar years 100% Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)


3 calendar years 30% Apr. 1, 2016 (1D/1Q 24 mo. following regulatory approval)1


3 calendar years 60% Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)


3 calendar years 100% Apr. 1, 2018 (1D/1Q 48 mo. following regulatory approval)


6 calendar years 30% Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)2


6 calendar years 60% Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)


6 calendar years 100% Apr. 1, 2021 (1D/1Q 84 mo. following regulatory approval)


12 calendar years 30% Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)


12 calendar years 60% Apr. 1, 2023 (1D/1Q 108 mo. following regulatory approval)


12 calendar years 100% Apr. 1, 2027 (1D/1Q 156 mo. following regulatory approval)


1Or, for generating plants with scheduled outage intervals exceeding two years, at the conclusion of the first succeeding maintenance outage.
2 Or, for generating plants with scheduled outage intervals exceeding three years, at the conclusion of the first succeeding maintenance outage.


PRC-005-2 R3 and R4
Implementation Timelines
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1. NERC Reliability Standard PRC-005-2 – System Protection 
Maintenance


2. Supplementary reference and FAQ PRC-005-3 System 
Protection Maintenance


3. NERC Rules of Procedure Appendix 5C - Procedure for 
Requesting and Receiving an Exception from the 
Application of the NERC Definition of the BESNERC 
Glossary of Terms used in Reliability Standards


4. Bulk Electric System Reference Document
5. SMET test procedures


References
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PRC-005-2 becomes effective on April 1, 2015 and entities must 
follow the Implementation Plan
To be compliant, all entities must develop or revise their PSMP 
to address the revised PRC-005 Standard (either time-based or 
performance-based)
Guidance is provided in this SAG to indicate Protection Systems 
included or excluded
The SAG includes acceptable Maintenance Activities for each 
element of Protection System, including UFLS/UVLS equipment
Ensure proper documentation is maintained to demonstrate 
compliance (Typical examples provided)


Conclusion
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Refer to MRO Standards Application Guide(SAG) posted on the 
MRO Website 


Send your questions to mro-prc-sme@midwestreliability.org


Website: www.midwestreliability.org


For Additional Clarification
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Disclaimer


The Midwest Reliability Organization (MRO) Standards Committee (SC) is committed to 
providing training and non-binding guidance to industry stakeholders regarding existing and 
emerging Reliability Standards. Any materials, including presentations, were developed through 
the Standards Committee by Subject Matter Experts from member organizations within MRO.   


The materials have been reviewed by MRO staff and provide reasonable application guidance for 
the standard(s) addressed. Ultimately, demonstrating compliance depends on a number of factors 
including the precise language of the standard, the specific facts and circumstances, and quality of 
evidence.   


These documents may be reproduced or distributed to any person or entity only in its entirety. 
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Description of each version of PRC-005
Distributed Generation Facilities
Definitions
Data Retention
Facilities: Automatic Reclosing included or excluded 
Acceptable Maintenance Activities for Automatic Reclosing
Acceptable Maintenance Activities for Sudden Pressure 
Relaying
Implementation Plan for PRC-005-6
References
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Version Enforcement Date Description


-1 6/18/2007 Entity develop PSMP with activities and intervals for five 
component types.  Action of protection considered.


-2 4/1/2015 NERC defines activities and intervals. Includes UVLS, UFLS, 
and SPS.  Purpose of protection considered.


-2i 5/29/2015 Aggregate total BES Dispersed power resources > 75 MVA


-2ii N/A, superseded by V6 implementation SPS now RAS *


-3 N/A, superseded by V6 implementation Added Automatic Reclosing


-3i N/A, superseded by V6 implementation Aggregate total BES Dispersed power resources > 75 MVA


-3ii N/A, superseded by V6 implementation SPS now RAS *


-4 N/A, superseded by V6 implementation Added Sudden Pressure Relaying


-5 N/A, superseded by V6 implementation Removal of required maintenance of dispersed generation


-6 1/1/16 Added Supervisory associated with Automatic reclosing.  
Combine implementation of versions -3, -4, -5, and -6.
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Note: Monitor the development of PRC-012-2 to coordinate any 
additional maintenance requirements which requires that a 
Remedial Action Scheme (RAS) be functional tested to verify 
the proper operation of all non-protection components.


PRC-012-2 – Remedial Action Schemes
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PRC-005-6 Automatic Reclosing – Includes the following 
Components:
• Reclosing relay
• Supervisory relay(s) or function(s) – relay(s) or function(s) that 


perform voltage and/or sync check functions that enable or 
disable operation of the reclosing relay


• Voltage sensing devices associated with the supervisory relay(s) or 
function(s)


• Control circuitry associated with the reclosing relay or supervisory 
relay(s) or function(s)


Definitions Used in this Standard:
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Sudden Pressure Relaying – A system that trips an interrupting 
device(s) to isolate the equipment it is monitoring and includes 
the following Components:
• Fault pressure relay – a mechanical relay or device that detects 


rapid changes in gas pressure, oil pressure, or oil flow that are 
indicative of Faults within liquid filled, wire-wound equipment


• Control circuitry associated with a fault pressure relay


Definitions Used in this Standard:
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An ongoing program by which Protection System, Automatic 
Reclosing, and Sudden Pressure Components are kept in 
working order and proper operation of malfunctioning 
Components is restored. A maintenance program for a 
specific Component includes one or more of the following 
activities: 


“Protection System Maintenance 
Program (PSMP)” Definition


10







11


STANDARDS COMMITTEE
M I D W E S T  R E L I A B I L I T Y  O R G A N I Z A T I O N


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various 
technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be 


considered approved or endorsed by MRO staff or its board of directors unless specified.    


Verify — Determine that the Component is functioning correctly. 
Monitor — Observe the routine in-service operation of the 
Component. 
Test — Apply signals to a Component to observe functional 
performance or output behavior, or to diagnose problems. 
Inspect — Examine for signs of Component failure, reduced 
performance or degradation.
Calibrate — Adjust the operating threshold or measurement 
accuracy of a measuring element to meet the intended 
performance requirement.


Source: Glossary of Terms used in NERC Reliability Standards. 


“Protection System Maintenance 
Program (PSMP)” Definition 
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Only the most recent performance records are required where 
the interval of the maintenance activity is longer than the 
audit cycle in PRC-005-6.


Note: For Components which have been removed from service, 
entities shall retain maintenance records for those 
Components until the new replacement component is 
maintained which may pre-date the prior audit. The minimum 
requirement for commissioning records of the replacement 
Component is the dates of the installation tests.


Data Retention
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4.2.7.2 Automatic Reclosing applied on the terminals of all BES
Elements at substations one bus away from generating plants
specified in Section 4.2.7.1 when the substation is less than 10
circuit-miles from the generating plant substation.


4.2.7.3 Automatic Reclosing applied as an integral part of an RAS
specified in Section 4.2.4.


Automatic Reclosing Included
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1. Two buses away from generating plant where the total 
installed gross generating plant capacity is greater than the 
largest BES generating unit within the Balancing Authority 
Area regardless of the circuit miles.


2. 10 circuit miles or greater from the generating plant.
3. Synchronizing relays for breakers without auto reclosing 


relays.


Note: A change from one bus to another bus would be determined by either 1) a 
change to a bus located on a separate ground grid or 2) transformation to another 
voltage.


Automatic Reclosing Excluded
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Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 
may be excluded if the equipment owner can demonstrate 
that a close-in three-phase fault present for twice the normal 
clearing time (capturing a minimum trip-close-trip time delay) 
still meets the critical clearing time for the generation.


• If both the trip-close-trip time delay and breaker failure time 
delay are shorter than critical clearing time, maintenance 
requirements for Automatic Reclosing can then be excluded.


Automatic Reclosing Excluded
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Reclosing Relay and Supervisory Relay (Table 4-1)
Verify that settings are as specified


A check box stating the relay settings were verified 
Pass/Fail or Yes/No/NA relays setting verification stated in 
relay test report


Section 15.8.1 of Frequently Asked Questions (FAQ) lists the 
supervisory relays that may be applicable (i.e. IEEE device 
25, 27, and 59 relays associated with a 79).


Maintenance Activities for 
Automatic Reclosing (Table 4-1)
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For non-microprocessor relays:
Test and, if necessary calibrate (only activity that requires more than 


a check box)
Relay test report
 Date
 Relay identification
 Tester ID (not required, but is a good control)
 Test results proving the test was performed
 Pass/Fail-(not required, but is a good control)


Note: Relay calibration is not required to be documented, but this 
may be helpful for asset renewal


Maintenance Activities for 
Automatic Reclosing (Table 4-1)
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For microprocessor relays:
Verify operation of the relay inputs and outputs that are essential to proper 


functioning of the Automatic Reclosing.
A check box stating the essential relay outputs/inputs were verified
Pass/Fail essential relay outputs/inputs verification stated in relay test report
A check box stating the relay monitoring alarms were verified
Pass/Fail essential relay monitoring alarm verification stated in relay test report


Note: Verify the actual operation of the output contact (i.e. test continuity at test 
switch or open breaker).  Viewing an event report does not confirm the output 
actually closed; it only proves the logic to actuate the output picked up.  Inputs can 
be confirmed via event reports.


Maintenance Activities for 
Automatic Reclosing (Table 4-1)
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For microprocessor relays:
Verify acceptable measurement of power system input values.


A check box stating during the PT testing, if there is another PT value to be 
compared to. (i.e. if you compare the energized system metered values within the 
primary relay to the secondary relay. This would satisfy both your AD convertor 
testing and PT testing.)
A check box stating voltages measured by an independent meter were accurately 
measured within the relay.
A check box stating known voltages were injected from a test set and verified to be 
accurately measured within the relay.
A test report showing known voltages were injected from a test set and verified to 
be accurately measured within the relay.


Maintenance Activities for 
Automatic Reclosing (Table 4-3)
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Automatic Reclosing Control Circuitry not integral part of RAS (Table 4-2a)
Microprocessor:
1. Confirm that the reclosing relay contact is open when that reclosing relay 


output logic is deactivated.
Note: The supervisory relay will not cause a premature closing command to 


the close circuitry.
Electromechanical:


1. Confirm that reclosing relay contact is open when that reclosing relay is 
deactivated.


2. Initiate a reclose and verify that the Automatic Reclosing does not issue a 
premature closing command to the close circuitry.


Maintenance Activities for 
Automatic Reclosing (Table 4-1, 4-
2a and 2b, and 4-3)
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Automatic Reclosing Control Circuitry for RAS schemes only 
(Table 4-2b)


Automatic Reclosing within a RAS (Table 4-2b):
1. A check box stating the verification of all Control Circuitry.
2. A check box stating each close coil or actuator is able to 


operate the circuit breaker or mitigating device.


Maintenance Activities for 
Automatic Reclosing (Table 4-1, 4-
2a and 2b, and 4-3)
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Automatic Reclosing Voltage Sensing Device (Table 4-3)
Automatic Reclosing Voltage Sensing Device maintenance activities are 


described in Table 4-3. All maintenance activities and 
documentation are the same as the protective relays voltage 
sensing devices.  See Voltage and Current Sensing Devices providing 
inputs to Protective Relays (Table 1-3) section of the document.


Section 15.8.1 of Frequently Asked Questions (FAQ) lists the 
supervisory relays that may be applicable (i.e. IEEE device 25, 27, 
and 59 relays associated with a 79).


Maintenance Activities for 
Automatic Reclosing (Table 4-1, 4-
2a and 2b, and 4-3)
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Fault pressure relay:
1) Check box stating verified the pressure or flow sensing 


mechanism is operable with a go/no go test.


Westing house SPR- remove plug to actuate device per Westing house test procedure
Bucholtz relay-push button to actuate the device
Qualitrol Sudden Pressure Relief (SPR) – use Qualitrol test kit (hand pump and pressure gage) to 
actuate device
Qualitrol Fault Pressure Relief (FPR) – reach in flip switch to actuate device, then manually reset
Qualitrol Rapid Pressure Rise relay (RPR) – use Qualitrol test kit (hand pump and pressure gage) to 
actuate
ABB Gas Detector Relay (GDR) – use pump to actuate device per ABB test procedure


Maintenance Activities for Sudden 
Pressure Relaying (Table 5)
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Maintenance Activities for Sudden 
Pressure Relaying Control 
Circuitry (Table 5)
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Any test below is acceptable:
A check box stating the verification of any required 
maintenance activity of Control Circuitry
Highlighted schematics or one-lines
A detailed list of each trip path for a breaker, auxiliary relay, or 
LOR that is signed and dated
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Maintenance Activities for Sudden 
Pressure Relaying Control 
Circuitry (Table 5)
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For lockout testing requires a functional trip.  As an example, a test 
using a Fault Pressure Relay output and station battery DC to trip the 
LOR is adequate.


Any breaker that is determined to be non-BES does not have to be 
tripped, even if it is tripped by a BES fault pressure that is considered 
included within PRC-005-6.


Note: Supplementary reference and FAQ Section 15.3
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The Implementation Plan for PRC-005-6 includes all the 
Automatic Reclosing components introduced in PRC-005-3 
and Sudden Pressure Relaying components introduced in PRC-
005-4.  


PRC-005-6 Implementation Plan
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1. NERC Reliability Standard PRC-005-6 – System Protection 
Maintenance, Automatic Reclosing and Sudden Pressure 
Relaying


2. Supplementary reference and FAQ PRC-005-6 System 
Protection Maintenance


3. Bulk Electric System Reference Document
4. SMET test procedures


References


286/4/2018
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Refer to MRO Standards Application Guide(SAG) posted on the
MRO Website 


Send your questions to msq@midwestreliability.org


Website: www.midwestreliability.org 


For Additional Clarification
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[bookmark: _Toc480520869]INTRODUCTION

The intention of this guidance document is to assist entities to meet the requirements of and maintain compliance with NERC Reliability Standard PRC-005-6 – Protection System, Automatic Reclosing, and Sudden Pressure Relaying Maintenance.



Stakeholders need to understand what is included and excluded from PRC-005-6 as it relates to the Bulk Electric System (BES) definition (effective July 1, 2014). Major changes have been made to the previous PRC-005 Standard, this guidance document will aid in further implementation of the new standard.	

[bookmark: _Toc480520870]Description of each version of PRC-005



		Version

		Enforcement Date

		Description



		-1

		6/18/2007

		Entity develop PSMP with activities and intervals for five component types.  Action of protection considered



		-2

		4/1/2015

		NERC defines activities and intervals. Includes UVLS, UFLS, and SPS.  Purpose of protection considered



		-2i

		5/29/15

		Aggregate total BES Dispersed power resources > 75 MVA



		-2ii

		N/A superseded by V6 Implementation

		SPS now RAS *



		-3

		N/A superseded by V6 Implementation

		Added Automatic Reclosing



		-3i

		N/A superseded by V6 Implementation

		Aggregate total BES Dispersed power resources > 75 MVA



		-3ii

		N/A superseded by V6 Implementation

		SPS now RAS *



		-4

		N/A superseded by V6 Implementation

		Added Sudden Pressure Relaying



		-5

		N/A superseded by V6 Implementation

		Removal of required maintenance of dispersed generation



		-6

		1/1/16

		Added Supervisory associated with Automatic reclosing.  Combine implementation of versions -3, -4, -5, and -6







* Monitor the development of PRC-012-2 which requires that a RAS be functionally tested to verify the proper operation of all non-protection components.
2pending industry approval)FERC approval)c reclosing.  Combine implementation of -4, -5, and -6







The SME Team provides guidance to stakeholders on how to interpret the Standard Requirements and implementation of the Protection System Maintenance Program (PSMP).



The SME Team has also prepared a presentation (see Appendix B) and example documentation from its utilities to provide a Standards Application Guide (SAG) overview to help guide entities on the applicability of BES Facilities to the Standard.

[bookmark: _Toc480520871]Facilities

Section 4.2 of PRC-005-6 defines the Protection Systems that are subject to the required maintenance activities and intervals.

 

4.2. Facilities: 

4.2.1 Protection Systems and Sudden Pressure Relaying that are installed for the purpose of detecting Faults on BES Elements (lines, buses, transformers, etc.). 

4.2.2 Protection Systems used for underfrequency load-shedding systems installed per ERO underfrequency load-shedding requirements. 

4.2.3 Protection Systems used for undervoltage load-shedding systems installed to prevent system voltage collapse or voltage instability for BES reliability. 

4.2.4 Protection Systems installed as a Remedial Action Scheme (RAS) for BES reliability. 

4.2.5 Protection Systems and Sudden Pressure Relaying  for generator Facilities that are part of the BES,  except for generators identified through Inclusion I4 of the BES definition,  including: 



4.2.5.1 Protection Systems that act to trip the generator either directly or via lockout or auxiliary tripping relays. 

4.2.5.2 Protection Systems for generator step-up transformers for generators that are part of the BES. 

4.2.5.3 Protection Systems and Sudden Pressure Relaying for station service or excitation transformers connected to the generator bus of generators which are part of the BES, that act to trip the generator either directly or via lockout or tripping auxiliary relays. 

4.2.5.4 Protection Systems for station service or excitation transformers connected to the generator bus of generators which are part of the BES, that act to trip the generator either directly or via lockout or tripping auxiliary relays. 



4.2.6 Protection Systems and Sudden Pressure Relaying for the following BES generator 

Facilities for dispersed power producing resources identified through Inclusion I4 of the BES definition:



4.2.6.1 Protection Systems and Sudden Pressure Relaying for Facilities used in aggregating dispersed BES generation from the point where those resources aggregate to greater than 75 MVA to a common point of connection at 100kV or above.



4.2.7 Automatic Reclosing[footnoteRef:1], including: [1:  Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment owner can demonstrate that a close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-close-trip time delay) does not result in a total loss of gross generation in the Interconnection exceeding the gross capacity of the largest relevant BES generating unit where the Automatic Reclosing is applied.] 




4.2.7.1 Automatic Reclosing applied on the terminals of Elements connected to the BES bus located at generating plant substations where the total installed gross generating plant capacity is greater than the gross capacity of the largest BES generating unit within the Balancing Authority Area or, if a member of a Reserve Sharing Group, the largest generating unit within the Reserve Sharing Group[footnoteRef:2]. [2:  The largest BES generating unit within the Balancing Authority Area or the largest generating unit within the Reserve Sharing Group, as applicable, is subject to change. As a result of such a change, the Automatic Reclosing Components subject to the standard could change effective on the date of such change.] 




4.2.7.2 Automatic Reclosing applied on the terminals of all BES Elements at substations one bus away from generating plants specified in Section 4.2.7.1 when the substation is less than 10 circuit‐miles from the generating plant substation.



4.2.7.3 Automatic Reclosing applied as an integral part of an RAS specified in Section 4.2.4.

[bookmark: _Toc480520872]Bulk Electric System (BES)

In general, the definition of the BES is “all Transmission Elements operated at 100 kV or higher and Real Power and Reactive Power resources connected at 100 kV or higher. This does not include facilities used in the local distribution of electric energy.”[footnoteRef:3]  [3:  See NERC Glossary of Terms for complete definition at page 18. ] 




Using the applicable facilities section of PRC-005-6 and the definition of the BES, the SME Team has analyzed different Protection Systems to determine whether PRC-005-6 is applicable.

[bookmark: _Toc480520873]Definitions

Automatic Reclosing – Includes the following components:



· Reclosing relay

· Supervisory relay(s) or function(s) – relay(s) or function(s) that perform voltage and/or synch check functions that enable or disable operation of the reclosing relay

· Voltage sensing devices associated with the supervisory relay(s) or function(s)

· Control circuitry associated with the reclosing relay(s) or function(s)











Protection System[footnoteRef:4]: [4:  Id. at page 63.] 




· Protective relays which respond to electrical quantities 

· Communications systems necessary for correct operation of protective functions 

· Voltage and current sensing devices providing inputs to protective relays 

· Station dc supply associated with protective functions (including station batteries, battery chargers, and non-battery-based dc supply), and 

· Control circuitry associated with protective functions through the trip coil(s) of the circuit breakers or other interrupting devices



Protection System Maintenance Program (PSMP)[footnoteRef:5]:  [5:  Id. at page 64-66.] 




An ongoing program by which Protection System, Automatic Reclosing Components are kept in working order and proper operation of malfunctioning Components is restored.[footnoteRef:6] A maintenance program for a specific Component includes one or more of the following activities:  [6:  PRC-005-2 does not require any reference to Automatic Reclosing or Sudden Pressure Components be within the PSMP.   Automatic Reclosing Components were added in PRC-005-3 (version 3, effective April 1, 2016). Sudden Pressure Components were added in PRC-005-4 (version 4 – pending FERC approval).] 


· Verify — Determine that the Component is functioning correctly 

· Monitor — Observe the routine in-service operation of the Component 

· Test — Apply signals to a Component to observe functional performance or output behavior, or to diagnose problem 

· Inspect — Examine for signs of Component failure, reduced performance or degradation

· Calibrate — Adjust the operating threshold or measurement accuracy of a measuring element to meet the intended performance requirement



Sudden Pressure Relaying – A system that trips an interrupting device(s) to isolate the equipment it is monitoring and includes the following Components:



· Fault Pressure relay – a mechanical relay or device that detects rapid changes in gas pressure, oil pressure or oil flow that are indicative of Faults within liquid filled, wire-wound equipment

· Control circuitry associated with a fault pressure relay











[bookmark: _Toc480520874]Protection Systems

[bookmark: _Toc480520875]Protection Systems Included R1

1) Protection Systems that are installed for the purpose of detecting Faults on BES Elements (lines, buses, transformers, etc.). (Section 4.2.1 from PRC-005-2).[footnoteRef:7] [7:  Please note that this would not include out of step tripping or blocking relays.] 




2) If a protection zone encompasses BES and non-BES elements, the Protection System is covered by PRC-005-2.



All elements in figures 1-11 below (i.e. breakers, lines, buses, transformers. etc.) shown in: 

· Blue are considered a BES element  

· Green are considered Non-BES elements  

· A breaker that does not operate during a fault is displayed as solid box (filled) 

· A breaker that fails to operate is designated by an X over the breaker



The zone of protection of each Protection System is shown as:

· A red oval if the Protection System is included within PRC-005-2   

· A green oval if the Protection System is excluded within PRC-005-2  



The zone of protection of a breaker failure relay is shown as a rectangle around that breaker.













































a) Transformer Protection Systems connected to CT’s on a BES-breaker (i.e., ring bus or breaker and a half). This Protection System not only protects the transformer, but also protects a BES-bus and detects Faults on BES Elements (BES-bus). (Figure 1)





[image: ]Figure 1.





















b) Radial lines directly connected to BES ring bus or breaker and a half bus. (Figure 2)
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Figure 2.






3) Protection Systems for station service or excitation transformers connected to the generator bus of generators which are part of the BES, that act to trip the generator either directly or via lockout or tripping auxiliary relays. (PRC-005-2, §4.2.5.4). (Figure 3)
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Figure 3.







4) Any breaker failure relay that detects the failure of a breaker that is defined as a BES breaker, or non-BES breaker that trips a single BES generator (Figure 4) or an aggregate of BES generators. 
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Figure 4.




[bookmark: _Toc480520876]
Exemption for Exclusion

Through the application of the July 1, 2014 definition of the BES and the BES net process, facilities may receive a self-determined exclusion or may have been excluded through the exception process as being a BES asset. A study can be done to exclude the facilities and with that, the associated protection systems (the zone of protection shown as an orange oval see Figure 5). The study to exclude this protection system should determine if power flows in the reverse direction through the transformer into the BES under any scenario or contingency(s), or actual power flow through the transformer is measured and has not flown into the BES. Protection Systems for the excluded facilities are not subject to the application of PRC-005-2.
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                                             Figure 5.



[bookmark: _Toc480520877]
Protection Systems Excluded

The SMET created four rules that help determine if a protection system is excluded from PRC-005-2. The rules are not all inclusive. However, they are described throughout this section and shown in Figures 6 through Figure 11.



1. If the protection zone covers only non-BES elements, then the protection scheme is not covered by PRC-005-2. (Figures 6 and 7)
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    Figure 6.
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   Figure 7.

























2. Any breaker failure relay that detects the failure of a non-BES breaker is excluded, unless that breaker failure relay trips a BES generator. (i.e., the high-side or low-side breaker of a non-BES transformer connected to a BES bus.) Even though this relay may detect Faults on BES Elements (the BES bus), the purpose of the relay is to detect current flowing through the failed non-BES breaker. (Figures 8 and 9)
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    Figure 8.
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Figure 9.





























3. Any Protection System installed for the purpose of detecting Faults on only non-BES Elements regardless of the actions of that Protection System opening or disconnecting a BES element. (Figures 10 and 11)
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     Figure 10.
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Figure 11[footnoteRef:8] [8:  The transfer trip communications to Substation B (Figure 11) would most likely be initiated by the detected failure of either BES breaker A or B and therefore would be included in PRC-005-2.] 






4. A control system that acts to trip the generator is excluded from PRC-005-2. A control system is not considered a Protection System and it does not detect BES faults.











[bookmark: _Toc480520878]
Protection Systems Maintenance Activities

[bookmark: _Toc480520879]Unresolved Maintenance Issue (Requirement R5)

Deficiencies identified during a maintenance activity that cause the component to not meet the intended performance, and cannot be corrected during the maintenance interval, require initiation of a follow-up corrective action. The requirement does not state how quickly a corrective action for unresolved maintenance issues needs to be resolved. A catastrophic failure may require more multiple maintenance intervals to resolve a maintenance issue (i.e., a fire, flood, or hurricane will take more than the four-month interval required for the battery maintenance). Replacing a failed electromechanical relay with a new panel of microprocessor relays may take three to four years due to budgeting, design, procurement, and scheduling outage for installation.



Once the corrective actions have been completed, the maintenance records shall be updated to reflect the successful results. Documentation of unresolved maintenance issues may include but is not limited to corrective work order, email requesting budget approval, email stating project budget approved, project work orders, replacement component orders, invoices, project schedules with completed milestones, return material authorizations (RMAs), or purchase orders.

[bookmark: _Toc480520880]Failed Element Tests

Each element may have multiple types of documentation methods available to validate the completion of maintenance activities. Any time a check box is used as documentation a step or process was completed, procedural documents must be available in order to validate the significance of the check box. Any element that receives a “fail” check mark must be resolved and documented prior to the end of the maintenance interval, otherwise, the element shall be addressed as an unresolved maintenance issue (R5).

[bookmark: _Toc480520881]Data Retention

Data retention has been reduced from the two most recent performances to only the most recent performance in those cases where the interval of the maintenance activity is longer than the audit cycle.[footnoteRef:9] [9:  For elements which have been removed from service, entities shall retain maintenance records for those elements for the current audit period as described above which may pre-date the prior audit. The minimum requirement for commissioning records of the replacement element is documentation of the dates of the tests under this standard.] 




However, NERC Reliability Standard PRC-005-1.1b only requires that the Protection System owner shall retain evidence of the implementation of its PSMP for three years. A Protection System owner may have a longer data retention period within its PRC-005-1.b PSMP, and therefore, may require documentation for implementation prior to April 4, 2012. Keep the most recent performance of each distinct maintenance activity for the Protection System Component, or all performances of each distinct maintenance activity for the Protection System Component since the previous scheduled audit date, whichever is longer, dating back to June 18, 2007 (date PRC-005 initially was enforceable). 

[bookmark: _Toc480520882]Protective Relay Maintenance Activities (Table 1-1 and Table 2)

Acceptable documentation to verify that settings are as specified

· A check box stating the relay settings were verified 

· Pass/Fail relays setting verification stated in relay test report



The settings within the relay are compared to specified settings within corporate records.  Microprocessor settings could be verified locally or remotely.



For non-microprocessor relays:

Acceptable documentation to verify relays were tested and, if necessary calibrated

· Relay test report

· Date

· Relay identification

· Tester ID (not required, but is a good control)

· Test results proving the test was performed (lock-out relay (LOR) and auxiliary relays are tested per Table 1-5 for Control Circuitry)

· Pass/Fail-is auditor friendly but not required

· Relay calibration is not required to be documented, but this may be helpful for asset renewal









For microprocessor relays:

Acceptable documentation to verify operation of the relay inputs and outputs that are essential to proper functioning of the Protection System, and verification that the alarm path conveys alarm signals to a location where corrective action can be initiated (Table 2).[footnoteRef:10] [10:  Verify the actual operation of the output contact (i.e. test continuity at test switch, trip LOR, or trip breaker).  Viewing an event report does not confirm the output actually closed; it only proves the logic to actuate the output picked up.  Inputs can be confirmed via event reports.] 


· A check box stating the essential relay outputs/inputs were verified

· Pass/Fail essential relay outputs/inputs verification stated in relay test report

· A check box stating the relay monitoring alarms were verified

· Pass/Fail essential relay monitoring alarm verification stated in relay test report



The requirement to verify the proper functioning of an analog to digital (AD) converter within a microprocessor relay can be satisfied by any of the following documentation:

1. A check box stating during the CT/PT testing, if there is another CT/PT value to be compared to. (i.e., if you compare the energized system metered values within the primary relay to the secondary relay. This would satisfy both your AD converter testing and PT/CT testing.)

2. A check box stating currents or voltages measured by an independent meter were accurately measured within the relay.

3. A check box stating known currents or voltages were injected from a test set and verified to be accurately measured within the relay.

4. A test report showing known currents or voltages were injected from a test set and verified to be accurately measured within the relay.







[bookmark: _Toc480520883]Communication Systems Maintenance Activities (Table 1-2 and Table 2)

Required maintenance activities for Communication Systems (from Table 1-2):

1) Verify that the communications system is functional, by verifying a signal initiated at the sending end results in correct receiver output at the remote end 



2) Verify operation of communications system inputs and outputs that are essential to proper functioning of the Protection System



3) Verify that the alarm path conveys alarm signals to a location where corrective action can be initiated (Table 2)



Acceptable documentation for the Communication Systems maintenance activities above (Examples are not all inclusive, but any would be acceptable):

· A check box stating the verification of the required maintenance activity of Communication Systems 

· 

· Pass/Fail stated in Communication Systems test report

(Or)

· Highlighted schematics or one-lines


Acceptable documentation for the Communication Systems maintenance activities: Verify that the communications system meets performance criteria pertinent to the communications technology applied (e.g. signal level, reflected power, or data error rate).[footnoteRef:11] [11: A check box stating a time synched end-to-end test done during preventative maintenance is acceptable documentation. However, this would typically be done during commissioning, after a scheme has been modified, after a change of power line carrier frequency, when a new component essential to the communication scheme is installed or modified, or a misoperation due to poor communication coordination. A time synched end-to-end is not required during preventative maintenance activities within PRC-005-2.] 




· Communication test report

· Date

· Communication equipment identification or associated relay identification

· Tester ID (not required, but is a good control)

· Check box stating transmitted/received levels were adequate or record transmitted/received levels (for power line carrier, tone, and microwave only).  Not applicable to digital

· Check box stating reflective power was adequate or record Reflective power levels (for power line carrier, tone, and microwave only).  Not applicable to digital

· Record propagation and/or data error rate (for fiber/digital only), unless monitored

· Pass/Fail-is auditor friendly but not required



· Communication System calibration is not required to be documented, but this may be helpful for asset renewal[footnoteRef:12] [12:  SCADA points list or operator screen shot would be acceptable documentation of monitoring.] 














   



[bookmark: _Toc480520884]Voltage and Current Sensing Devices Providing Inputs to Protective Relays Maintenance Activities- (Table 1-3)

[bookmark: _Toc480520885]Acceptable Maintenance Activities for online CT/PT Testing:



Acceptable documentation to verify that current and voltage signal values are provided to the

protective relays. (Examples are not all inclusive, but any would be acceptable.)



· A check box stating “Verify current and voltage signal are received”

· A meter command  from a microprocessor printout

· Pass/Fail verify that current and voltage signal values are provided to the protective relays stated in test report

· Measured current or voltage values recorded

[bookmark: _Toc480520886]Acceptable Maintenance Activities for offline CT/PT Testing:



Some PT/CT’s for generators, reactors, or capacitors cannot be energized during testing. If the applicable entity has a microprocessor protecting the element (generator, reactor, or capacitor), an event report can be triggered when the element is energized. Then the event report can be saved as documentation of CT/PT testing. If the element has not been energized and therefore hasn’t created an event report (i.e., large capacitors that are prevented from being in service due to system conditions), then the applicable entity must: 



· Verify the signal values (voltage or current) are provided from the CT/PT primary to the relay inputs. Testing Methods: (Test 1, test 2, or test 3 are acceptable examples but are not all inclusive).



(Test1)

· Inject current or voltage on primary of CT/PT and confirm signal values reach the inputs of the relay(s).

Or

(Test 2)

· Inject current or voltage at the relay terminal and confirm signal values reach the secondary of CT/PT (i.e. lamp test).

And

· Any test that would confirm a voltage or current applied to the primary will reach the secondary of the voltage or current sensing device as expected.[footnoteRef:13] [13:  An acceptable test but not limited to, CT excitation test and PT turns ratio tests can be compared to baseline data.] 


Or

(Test 3)

· Using a test set inject current or voltage at the secondary of CT/PT and confirm signal values reach the inputs of the relay(s).

And

· Any test that would confirm a voltage or current applied to the primary will reach the secondary of the voltage or current sensing device as expected.



In summary as stated in the NERC Supplementary Reference and FAQ PRC-005-3: If online testing is deemed too risky, offline tests, such as, but not limited to, CT excitation test and PT turns ratio tests can be compared to baseline data and be used in conjunction with CT and PT secondary wiring insulation verification tests to adequately “verify the current and voltage circuit inputs from the voltage and current sensing devices to the protective relays …” while eliminating the risk of tripping an in service generator or transformer. Similarly, this same offline test methodology can be used to verify the relay input voltage and current signals to relays when there are no other instrument transformers monitoring available for purposes of signal comparison.

[bookmark: _Toc480520887]CT/PT Test Results for voltages or currents expected to be close to 0[footnoteRef:14]: [14:  High impedance differential relays (i.e., PVD, SBD, SEL-587Z) with parallel CT connections:] 


· Measure voltage induced on operating circuit quantities should appear equal to or close to 0, and verify all CT’s are carrying load.

Or

· Test against the presence of a short circuit CT, and verify all CT’s are carrying load.



Current differential relays with parallel CT connections:

· Measure operating circuit quantities should appear equal to or close to 0, and verify all

CT’s are carrying load.

Or

· Test against the presence of a short circuit CT, and verify all CT’s are carrying load.



Line Protection neutral currents.

· Measure 3IO and 3VO quantities should appear equal to or close to 0, and verify all

CT’s are carrying load.  Typically transmission systems are not perfectly balanced and some very small value (i.e., 0.01 A) should be measured.







[bookmark: _Toc480520888]Protection System Station DC Supply Maintenance Activities (Table 1-4(a) through Table 1-4(f))

All required battery maintenance activities and documentation are fairly straight forward.



Protection System owners can verify that the station battery can perform as manufactured by performing periodic internal ohmic measurements, float current, float voltage, temperature, specific gravity, or combinations of these tests on station batteries, OR the users may elect to perform capacity tests. It’s the owner’s responsibility to validate a baseline from new on every make/model/type of battery. Going forward the owner must maintain a documented process using the chosen testing parameters and methodology that determines where the battery cannot perform as manufactured.



In order to verify battery continuity, you could turn off the battery charger, and clamp onto the battery load terminals and verify current is flowing to station DC load. This can be documented by either a check box or pass/fail of battery continuity verified.



Table 1-4(e) requires the DC Voltage to be measured for an unmonitored SPS tripping non-BES breakers, non-distributed UFLS systems, or non-distributed UVLS systems every 12 calendar years. This can be documented by either a check box or pass/fail of DC voltage verified, or the recording of the measured value.



Table 1-4(f) does enable exclusions from maintenance activities for monitored Station DC supplies.













[bookmark: _Toc480520889]Control Circuitry Associated With Protective Functions Maintenance Activities (Table 1-5)

Acceptable documentation for all maintenance activities of Control Circuitry (examples are not all inclusive, but any would be acceptable):

· A check box stating the verification of any required maintenance activity of Control Circuitry

· Pass/Fail stated in Control Circuitry test report

· Highlighted schematics or one-lines

· A detailed list of each trip path for a breaker, auxiliary relay, or LOR that is signed and dated



For lockout testing PRC-005-2 requires a functional trip. As an example, a test using a relay output and station battery DC to trip the LOR is adequate.[footnoteRef:15] [15: Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective relay or UFLS/UVLS relay that is considered included within PRC-005-2. Per Supplementary reference and FAQ Section 15.3] 










[bookmark: _Toc480520890]Maintenance Activities for UFLS and UVLS Systems

Distributed UFLS/UVLS Systems are systems at one substation (distribution substations, non-BES or BES substations) that operate more than one interrupting device with an individual or multiple relays at that substation, or one device that sends a signal to operate multiple interrupting devices at multiple substations.[footnoteRef:16] [16:  If the UFLS/UVLS is non-distributed you must follow maintenance activities and intervals in Tables 1-1 through 1-3, Table 1-4(e), and Table 1-5.  If the UFLS/UVLS is distributed you must follow maintenance activities and intervals in Tables 3.] 




After thorough review of UFLS/UVLS activities in PRC-005-2 Tables, the SME Team has determined there is no difference between the maintenance activities of a distributed or non-distributed UFLS/UVLS system.

[bookmark: _Toc480520891]UFLS/UVLS Relay:

Acceptable documentation to verify that settings are as specified

· A check box stating the relay settings were verified 

· Pass/Fail relays setting verification stated in relay test report



For non-microprocessor relays:

Acceptable documentation to verify tested and, if necessary calibrate

· Relay test report

· Date

· Technicians name or initial

· Relay identification

· Pass/Fail-is auditor friendly but not required

· Relay calibration is not required to be documented, but this may be helpful for asset renewal



For microprocessor relays:

Acceptable documentation to verify operation of the relay inputs and outputs that are essential to proper functioning of the UFLS or UVLS, and verification that the alarm path conveys alarm signals to a location where corrective action can be initiated (Table 2).

· A check box stating the essential relay outputs/inputs were verified

· Pass/Fail essential relay outputs/inputs verification stated in relay test report

· A check box stating the relay monitoring alarms were verified

· Pass/Fail essential relay monitoring alarm verification stated in relay test report



The requirement to verify the proper functioning of an AD converter within a microprocessor relay can be satisfied by any of the following documentation:

1. A check box stating during the CT/PT testing, if there is another CT/PT value to be compared to. (i.e., if you compare the energized system metered values within the primary relay to the secondary relay. This would satisfy both your AD convertor testing and PT/CT testing.)

2. A check box stating currents or voltages measured by an independent meter was accurately measured within the relay.

3. A check box stating known currents or voltages was injected from a test set and verified to be accurately measured within the relay.

4. A test report showing known currents or voltages was injected from a test set and verified to be accurately measured within the relay.
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[bookmark: _Toc480520892]UFLS/UVLS Associated Communication Equipment:



For distributed UFLS/UVLS there is no required maintenance. For non-distributed UFLS/UVLS associated communication equipment most likely does not exist.

[bookmark: _Toc480520893]UFLS/UVLS Voltage sensing device:



Acceptable documentation to verify that voltage signal value is provided to the UFLS/UVLS relays. (Examples are not all inclusive, but any would be acceptable.)

· A check box verifying that voltage signal value is provided to the

UFLS/UVLS relay

· A meter command  from a microprocessor printout

· Pass/Fail verify that voltage signal value is provided to the

UFLS/UVLS relays stated in test report

· Measured UFLS/UVLS voltage value recorded

[bookmark: _Toc480520894]UFLS/UVLS DC Supply:



The DC Voltage is to be verified at the output(s) that trips the interrupting device(s) for a UFLS/UVLS system. This can be documented by either a check box or pass/fail of DC voltage verified, or the recording of the measured value. The maximum maintenance interval for this is 12 calendar years. [footnoteRef:17] [17:  For UFLS/UVLS DC Supply that is monitored the DC voltage must be verified as described above every 12 years.] 


[bookmark: _Toc480520895]UFLS/UVLS Control Circuitry



UFLS/UVLS control circuitry which includes:[footnoteRef:18] [18:  A majority of distributed UFLS/UVLS relays will directly trip the trip coil of the non-BES breaker.  There is no required maintenance for UFLS/UVLS control circuitry in this case.] 


1. Path from relay to LOR and/or auxiliary relay and essential supervisory logic

2. Electrical operation of electromechanical lockout and/or auxiliary relay



Acceptable documentation for all maintenance activities of UFLS/UVLS control circuitry (Examples are not all inclusive, but any would be acceptable):

· A check box stating the verification of UFLS/UVLS control circuitry 

· Pass/Fail stated in UFLS/UVLS control circuitry test report

· Highlighted schematics or one-lines[footnoteRef:19] [19:  Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective relay or UFLS/UVLS relay that is considered included within PRC-005-2. (Per Supplementary reference and FAQ Section 15.3.1)] 




[bookmark: _Toc480520896]Automatic Reclosing

Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment owner can demonstrate that a close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-close-trip time delay) still meets the critical clearing time for the generation. If both the trip-close-trip time delay and breaker failure time delay are shorter than critical clearing time, maintenance requirement for Automatic Reclosing can then be excluded.



The largest BES generating unit within the BAA or the largest generating unit within the Reserve Sharing Group, as applicable, is subject to change. As a result of such a change, the Automatic Reclosing Components subject to the standard could change effective on the date of such change.



As an example, the largest generator in a BAA is 1550 MW. It is a nuclear plant and there is no retirement information available at this time for unit. Therefore, any Automatic Reclosing applied on the terminals of Elements connected to the BES bus located at generating plant substations where the total installed gross generating plant capacity is greater than the 1550 MW (the largest BES generating unit within the BAA for those companies within the BAA.



Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment owner can demonstrate one of the below:



1) Two buses away from generating plant where the total installed gross generating plant capacity is greater than the 1550 MW, regardless of the circuit miles.

2) Synchronizing relays for breakers without auto reclosing relays.

3) A close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-close-trip time delay) does not result in a total loss of greater than 1554 MW generation.  The trip-close-trip time delay should be less than breaker failure time delay. The breaker failure time delay should be less than the critical clearing time for stability. If both the trip-close-trip time delay and breaker failure time delay are shorter than critical clearing time, then maintenance requirements for Automatic Reclosing can be excluded.



[image: ]

Figure 12[footnoteRef:20] [20:  Each substation has its own ground grid and therefore is considered a separate bus.  Each Automatic Reclosing system is shown as 79, but also includes supervisory relays (i.e. 25, 27, and 59).] 




Substation A:

In Figure 12 above, the gross capacity of the generation plant at Substation A is larger than the largest generator within the MISO’s BAA, therefore all Automatic Reclosing at substation A is included within PRC-005-6. The sync check relays on breakers A3 and A7 are excluded since these breakers do not have Automatic Reclosing.

Substation B:

All Automatic Reclosing at Substation B is excluded because Line AB is greater than 10 circuit-miles. Substation B is within 10 circuit-miles from the 345 kV bus at Substation A if you add the lengths of Line AC and Line BC, but Substation B is two buses away looking at that circuit route.

Substation C:

All Automatic Reclosing at Substation C applied on the 345 kV breakers is included within since the 345kV bus is one bus away and within 10 circuit-miles of the 345 kV bus at Substation A.  The sync check relay on breaker C4 is excluded since it is not associated with Automatic Reclosing. All Automatic Reclosing at Substation C on the 138 kV bus is excluded since the 138kV bus is two buses away from the 345 kV bus at Substation A.

Substation D:

All Automatic Reclosing at Substation D applied on the 345 kV breakers is included within since the 345kV bus is one bus away and within 10 circuit-miles of the 345 kV bus at Substation A.  The SME Team has determined that a straight bus, ring bus, or breaker and half bus configuration is considered one bus.

Substation E:

Even though substation E is within 10 circuit-miles of Substation A, all Automatic Reclosing at Substation E is excluded because Substation E is two buses away from the 345 kV bus at Substation A.



Maintenance Activities for Automatic Reclosing (Table 4-1, 4-2a and 2b, and 4-3)

[bookmark: _Toc480520897]Reclosing Relay and Supervisory Relay (Table 4-1)

Reclosing Relay and Supervisory Relay maintenance activities are described in Table 4-1.  All maintenance activities and documentation are the same as the protective relays. See Protective Relay Maintenance Activities (Table 1-1 and Table 2) section of the document.



Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79).

[bookmark: _Toc480520898]Automatic Reclosing Control Circuitry not integral part of RAS (Table 4-2a)

Microprocessor:

1. Confirm that the reclosing relay contact is open when that reclosing relay output logic is deactivated.[footnoteRef:21] [21: The supervisory relay will not cause a premature closing command to the close circuitry.] 




Electromechanical:

1. Confirm that the reclosing relay contact is open when that reclosing relay is deactivated.

2. Initiate a reclose and verify that the Automatic Reclosing does not issue a premature closing command to the close circuitry.	

[bookmark: _Toc480520899]Automatic Reclosing Control Circuitry for RAS schemes only (Table 4-2b)

Automatic Reclosing within a RAS (Table 4-2b):

1. A check box stating the verification of all Control Circuitry.

2. A check box stating each close coil or actuator is able to operate the circuit breaker or mitigating device.

[bookmark: _Toc480520900]Automatic Reclosing Voltage Sensing Device (Table 4-3)

Automatic Reclosing Voltage Sensing Device maintenance activities are described in Table 4-3. All maintenance activities and documentation are the same as the protective relays voltage sensing devices. See Voltage and Current Sensing Devices providing inputs to Protective Relays (Table 1-3) section of the document.



Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79).

[bookmark: _Toc480520901]Maintenance Activities for Sudden Pressure Relaying (Table 5)

Fault pressure relay:

1. Check box stating verified the pressure or flow sensing mechanism is operable with a go/no go test. [footnoteRef:22]  [22:  Section 15.9.1 of FAQ Fault pressure relay may include Bucholtz relay, Westinghouse SPR, and/or Qualitrol RPR.] 




· Westinghouse SPR- remove plug to actuate device per Westinghouse test procedure

· Bucholtz relay-push button to actuate the device.

· Qualitrol Sudden Pressure Relief (SPR) – use Qualitrol test kit (hand pump and pressure gage) to actuate device.

· Qualitrol Fault Pressure Relief (FPR) – reach in flip switch to actuate device, then manually reset.

· Qualitrol Rapid Pressure Rise relay (RPR) – use Qualitrol test kit (hand pump and pressure gage) to actuate.

· ABB Gas Detector Relay (GDR) – use pump to actuate device per ABB test procedure.



Note: No need to remove device from transformer from testing/maintenance. Some entities only alarm for the operation of the devices listed above, maintenance of devices listed above not required if device does not trip breakers.



Sudden Pressure Relaying Control Circuitry and LOR:

2. All maintenance activities and documentation are the same as Control Circuitry Associated with Protective Functions Maintenance Activities (Table 1-5). See Control Circuitry Associated with Protective Functions Maintenance Activities (Table 1-5) section of this document.

[bookmark: _Toc480520902]Performance-Based Maintenance (Attachment A of PRC-005-6)

To establish performance-based maintenance (PBM): 

1.	Determine the population of components in segment.  Make sure that population exceeds 60.

2.	Maintain per Tables 1-1 through 1-5 and Table 3 (i.e., table 1-5 for breaker trip coils or LORs - 6 years) until maintenance activity results are available for 30 components.

3.	Document maintenance activities including maintenance dates and countable events. 

a.	Countable event-failure requiring repair or replacement during maintenance

b.	Countable event-Misoperation due to hardware or calibration failure (i.e., for breakers: only hardware failure applies to trip coils)

4.	Analyze program to determine performance.

5.	Analyze countable events not to exceed 4%, for the greater of either last 30 maintained or all maintained in last year.



Assessment for confirming establishing PBM: (only required for the initial establishment of PBM program)

1.	Request population size; must be greater than 60.

2.	Confirm the first 30 components were maintained per Tables 1-1 through 1-5 and Table 3

3.	Request number of countable events.

4.	Determine maximum PBM interval where countable events will not exceed 4% of population tested. (If countable events = 0, then maintain 5% of population.)

[bookmark: _Toc480520903]Example Maximum PBM Interval calculation:

1,000 population 

100 components tested

1 countable event



Failure rate = countable events / components tested = 1/100 = 1%

Minimum components tested at Maximum Interval = countable events / (maximum failure rate of 4%) = 1/.04 = 25

Maximum Interval = population / Minimum components tested at Maximum Interval = 1000/25 = 40 years 



5.	Maintain those components at or below that maximum interval. Always be sure to calculate the maximum maintenance interval with a failure rate not to exceed 4%.



To continue to use PBM the applicable entity must:

1.	Annually update components and segments.

2.	Prove they have tested at least 5% of the population annually.

3.	Calculate the maximum interval not to exceed a 4% failure rate/countable events. (If countable events = 0, then maintain 5% of population)

4.	Analyze prior year data. If the percentage countable events exceed 4% for the greater of either last 30 maintained or all maintained in last year, create an action plan to reduce the countable events below 4% within 3 years.

5.	Do not exceed 4% countable events of segment tested for 3 consecutive years following the year the countable events first exceeded 4%.



Assessment to confirm entity is properly continuing PBM:

1.	Request population size; must be greater than 60.

2.	Request population tested. Entity must test at least 5% of population.

3.	Request number of countable events.

4.	Request maximum # of failures.

5.	Determine maximum PBM interval where countable events will not exceed 4% of population tested.  Maintain those components at or below that maximum interval.

6.	If countable events exceeds 4% of population tested, request action plan to reduce countable events below 4% within 3 years.

[bookmark: _Toc480520904]PBM Table

Brand specific (Lockout Relay) LOR[footnoteRef:23] [23:  See NERC Supplementary Reference and FAQ PRC-005-3 Section 9. Performance-Based Maintenance Process.
] 


		Year

		Total 
Population

		
Tested

		% Tested 
(must exceed 5%)

		# of Failures

		Maximum
# of Failures (4%)

		Maximum PBM Interval



		2014

		859

		49

		5.7%

		0

		1

		Test 5%



		2013

		824

		89

		10.8%

		1

		3

		32.96 Years



		2012

		824

		62

		7.5%

		0

		2

		Test 5%



		2011

		824

		140

		17.0%

		0

		5

		Test 5%



		2010

		824

		266

		32.3%

		0

		10

		Test 5%



		2009

		824

		205

		24.9%

		0

		8

		Test 5%
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This section contains suggested implementation plan to meet the requirements of NERC Standard PRC-005-2.  The Implementation Plan is intended to give an applicable entity the ability to transition from the maintenance intervals and activities according to PRC-005-1 to the required maintenance intervals and activities in PRC-005-2.  

[bookmark: _Toc480520906]Maintenance Intervals

If an applicable entity has an existing maintenance interval that is shorter than the required maintenance intervals within PRC-005-2 and also includes all the maintenance activities within PRC-005-2, then the applicable entity can immediately transition to the new required maintenance intervals.



If an applicable entity has an existing maintenance interval that is shorter than the required maintenance intervals within PRC-005-2, but does not include all the maintenance activities within PRC-005-2, then the applicable entity can immediately transition to the new required maintenance intervals and activities.



If an applicable entity has an existing maintenance interval that is longer than the required maintenance intervals within PRC-005-2, the applicable entity can transition to the new required maintenance intervals and activities per the Implementation Plan Project 2007-17 Protection Systems Maintenance and Testing PRC-005-2. During the implementation plan you must not exceed your existing (PRC-005-1) maintenance interval.  



You must be able to show when you are 30%, 60%, and 100% compliant according the implementation plan. (See table below.)[footnoteRef:24] Your compliance percentage should be calculated on a component basis. (i.e., if you have 10,000 microprocessor relays with monitoring. 3,000 must be tested according to new required activities by 4/1/2019; 6,000 by 4/1/2023, and all 10,000 by 4/1/2027. If you had 10,000 electro-mechanical relays. 3,000 must be tested according to new required activities or replaced by 4/1/2017; 6,000 tested or replaced by 4/1/2019, and all 10,000 tested or replaced by 4/1/2021. It may be helpful to know the number of relays in service as of 4/1/2015.)  [24:  The dates of compliance percentage are different for each Province of Canada.  
] 
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		Max. Maintenance Interval

		% Compliant

		By 



		Less than 1 year 

		100% 

		Oct. 1, 2015 (1D/1Q 18 mo. following regulatory approval) 



		1–2 calendar years 

		100% 

		Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval) 



		3 calendar years 

		30% 

		Apr. 1, 2016 (1D/1Q 24 mo. following regulatory approval)1 



		3 calendar years 

		60% 

		Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval) 



		3 calendar years 

		100% 

		Apr. 1, 2018 (1D/1Q 48 mo. following regulatory approval) 



		6 calendar years 

		30% 

		Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)2 



		6 calendar years 

		60% 

		Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval) 



		6 calendar years 

		100% 

		Apr. 1, 2021 (1D/1Q 84 mo. following regulatory approval) 



		12 calendar years 

		30% 

		Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval) 



		12 calendar years 

		60% 

		Apr. 1, 2023 (1D/1Q 108 mo. following regulatory approval) 



		12 calendar years 

		100% 

		Apr. 1, 2027 (1D/1Q 156 mo. following regulatory approval) 







1 Or, for generating plants with scheduled outage intervals exceeding two years, at the conclusion of the first succeeding maintenance outage.

2 Or, for generating plants with scheduled outage intervals exceeding three years, at the conclusion of the first succeeding maintenance outage. 
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The Implementation Plan for PRC-005-6 includes Automatic Reclosing and Sudden Pressure Relaying. The Implementation Plan is intended to give an applicable entity the ability to transition to the new required maintenance intervals and activities according to PRC-005-6. 



PRC-005-6 is effective on 1/1/2016 and all entities need to update their PSMP’s by 1/1/2017.
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If an applicable entity has an existing maintenance interval that is shorter than or equal to the required maintenance intervals within PRC-005-6 and also includes all the maintenance activities within PRC-005-6, then the applicable entity can immediately transition to the new required maintenance intervals.



You must be able to show when you are 30%, 60%, and 100% compliant according to the implementation plan. (See table below.) Your compliance percentage should be calculated on a component basis.  

[bookmark: _Toc480520910]Example 30%, 60%, and 100% compliant dates:

If an entity has 10 microprocessor automatic reclosing and/or supervisory relays with monitoring; 3 must be tested according to new required activities by 1/1/2021; 6 components by 1/1/2025, and all 10 components by 1/1/2029. If an entity has 201 sudden pressure relays; 60 must be tested according to new required activities or replaced by 1/1/2019; 120 components must be tested or replaced by 1/1/2021, and all 201 components must be tested or replaced by 1/1/2022.









[bookmark: _Toc480520911]Implementation Plan Data Table V6[footnoteRef:25] [25:  The dates of compliance percentage could be different for each Province of Canada.] 


		R1, R2 , R5

		100% Compliant

		By January 1, 2017



		Max. Maintenance Interval 

		% Compliant

		By 



		6 calendar years 

		30% 

		Jan 1, 2019 (1D/1Q 36 mo. following regulatory approval)



		6 calendar years 

		60% 

		Jan 1, 2021  (1D/1Q 60 mo. following regulatory approval) 



		6 calendar years 

		100% 

		Jan 1, 2023  (1D/1Q 84 mo. following regulatory approval) 



		12 calendar years 

		30% 

		Jan 1, 2021  (1D/1Q 60 mo. following regulatory approval) 



		12 calendar years 

		60% 

		Jan 1, 2025  (1D/1Q 108 mo. following regulatory approval) 



		12 calendar years 

		100% 

		Jan 1, 2029  (1D/1Q 156 mo. following regulatory approval) 











Additional applicable Automatic Reclosing Components may be identified because of the addition or retirement of generating units; or increases of gross generation capacity of individual generating units or plants within the BAA. In such cases, the responsible entities must complete the maintenance activities within the maintenance intervals from the time of becoming applicable as described in Table 4, for the newly identified Automatic Reclosing Components, unless documented prior maintenance fulfilling the requirements of Table 4 is available.






[bookmark: _Toc480520912]Revision History



		Revision

		Effective Date

		Author(s)

		Approver(s)

		Summary of Changes



		1.0

		4/8/2015

		SMET

		MRO SC

		Original Issue



		2.0

		2/03/2016

		SMET

		MRO SC

		· Added revision history and summary of changes to PRC-005

· Updated 4.2 Facilities

· Added definitions from the standard

· Protective Relay Maintenance Activities (Table 1-1 and Table 2)

· Updated Data Retention to align with PRC-005-4

· Added SME discussion on Relay Setting Verification.

· Added PRC-005-3 and -6 Automatic Reclosing facilities included and excluded

· Added maintenance activities for PRC-005-3, -4, and -6

· Added PRC-005-5 facilities excluded

· Added PRC-005 -6 Implementation Plan

· Moved management practices to Appendix C



		2.1

		4/20/2017

		Staff

		PRC-005 SMET, MRO SC

		· Added Failed Element Test page 22

· Modified Unresolved Maintenance Issue page 22
















[bookmark: _Toc480520913]Appendix A – References 



1. NERC Reliability Standard PRC-005-2(i) – Protection System Maintenance

2. NERC Reliability Standard PRC-005-6 - Protection System, Automatic Reclosing, and Sudden Pressure Relaying Maintenance

3. Supplementary reference and FAQ PRC-005-3 -  System Protection Maintenance

4. NERC Rules of Procedure Appendix 5C - Procedure for Requesting and Receiving an Exception from the Application of the NERC Definition of the BES

5. NERC Glossary of Terms used in Reliability Standards

6. Bulk Electric System Definition Reference Document

7. Implementation Plan Project 2007-17 - Protection Systems Maintenance and Testing PRC-005-2
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Management practices are not required but will assist to provide reasonable assurance regarding the achievement of objectives. Listed below are practices/controls that may be utilized by utilities:



· A secure asset database is a great tool for managing the assets within a PSMP.

· A secure Protection System maintenance documentation database is a great tool for managing the documentation of testing.

· Clear reports and/or dashboard showing components approaching maximum interval or maintenance history.

· A well-documented process of issuing Protection System maintenance work orders, which includes equipment failures, corrective action plans, and asset verification.

· Peer review of all or a random sample of Protection System maintenance work order documents. 

· Automated test reports that are clear and concise as to PASS/FAIL.

· Test reports clearly cover the exact activities within the standard Tables 1-1 through Table 3.

· Periodic review of PSMP and test procedures.

· A descriptive revision history of PSMP.

· Annual training of field personnel on PSMP and test procedures with attendance records.

· A well-documented process of issuing Protection System settings.

· A central database that stores the settings that are in the field.

· Automated remote verification of microprocessor settings.

· Self-audit of PSMP and Testing Documentation (described below).

[bookmark: _Toc480520916]PRC-005-6 Self-Audit of PSMP and Testing Documentation

Request a list of all substations that contain BES Protection Systems included within PRC-005-6.[footnoteRef:26]   [26:  A request for 100 kV and above substations can be misleading.] 




The request should provide a list of all the BES relays, relays schemes, zones of protection, or relay panels included within PRC-005-6, depending on how the entity tracks their relays.  Many entities have large asset databases of 10,000+ relays and may keep track of relay schemes, zones of protection, or relay panels rather than individual relays. The list of relays should provide a list of any of the following: relays, relays schemes, zones of protection, or relay panels depending on how the entity tracks their relays. Relays, relays schemes, zones of protection, or relay panels will be referred to as relays in the paragraphs below.



After randomly selecting the relays from the acquired list of relays, request documentation of maintenance of that relay, its associated voltage or current sensing devices, communication equipment, DC circuitry, and/or DC supply.



Do not randomly select a voltage or current sensing device from a substation because it may be connected to multiple relays within that substation, which would mean there would be multiple test reports. There would be multiple test dates and it would be difficult to determine if the entity has met the required test intervals within Table 1-3.
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Relay Test Results for: THREE PHASE CIRCLE TEST 
 



Z ANGLE 



60.00 
VOLTAGE 



7.000 
CURRENT 



10.562 
IMPEDANCE 



0.383 
IDEAL 



0.421 
%ERROR 



-9.09 
OK? 



PASS 
70.00 7.000 10.726 0.377 0.414 -9.09 PASS 
80.00 7.000 11.036 0.366 0.396 -7.41 PASS 
50.00 7.000 11.019 0.367 0.414 -11.51 FAIL 
40.00 7.000 11.650 0.347 0.396 -12.28 FAIL 



Lib Routine: KD-10.FST_LIB AF/AL: Pass/Fail: 



Lib Version: 1.11 Test Date: 02/25/2014 



Relay Data: 



Tested_By:  Division: General Substation:



  Terminal: Line 



Phase_Zone: A,B,C Relay_Manf: WH/ABB 



Relay_Type: KD-10 Model_Style: 719B195A10 



IEEE_Device: 21-1 IL_IB: 41-490 



Serial_Number: NA Firmware: NA 



Relay_ID: 12-1 NERC_Auditable: 0 



NERC_SubNum: 0 Maint_Interval: 0 



Previous_TestDate: 2/6/2010 Current_TestDate: 2/25/2014 



Next_TestDate: TestSet_CalDate: 



Approved_By: 



Routine Notes: 



Current & voltage (68-779) 



Compare current on 15RA30,31,32 to 15CH8,12,16 



measure volts on relays 7,8,9 



DC (68-788) 



94A WIL on Panel 15R 



Relay Test Results for: THREE PHASE MAX TORQ TEST 



ANGLE 1 ANGLE 2 MAX TORQUE IDEAL  RANGE   OK? 



85.00  46.00  65.50 60.00 50.00  TO 70.00 PASS 



Relay Test Results for: THREE PHASE REACH TEST 



Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR  OK? 



60.00  7.000 10.562  0.383 0.421 -9.09 PASS 
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KD-10.FST20941 Relay Results (continued) for: 
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Relay Test Results for: PHASE A-B CIRCLE TEST    



Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.981 0.390 0.421 -7.41 PASS 
85.00 7.000 9.288 0.377 0.414 -9.09 PASS 
95.00 7.000 9.824 0.356 0.396 -9.91 PASS 
65.00 7.000 9.035 0.387 0.414 -6.54 PASS 
55.00 7.000 9.292 0.377 0.396 -4.77 PASS 
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Relay Test 



ANGLE 1 



102.00 



Results for: 



ANGLE 2 



45.00 



PHASE B-C 



MAX TORQUE 



73.50 



MAX TORQ TEST 



IDEAL 



75.00 70.00 



 



 



RANGE 



TO 80.00 



 
 



OK? 



PASS 



Relay Test 



Z ANGLE 



75.00 



Results for: 



VOLTAGE 



7.000 



PHASE B-C 



CURRENT 



8.399 



REACH TEST 



IMPEDANCE 



0.417 



 



 



IDEAL 



0.421 



 



 



%ERROR 



-0.99 



 



 



OK? 



PASS 











25-Feb-2014 Page 3 of 4 Print Date: 



KD-10.FST20941 Relay Results (continued) for: 
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PHASE C-A CIRCLE TEST 
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Relay Test Results for: PHASE B-C CIRCLE TEST    



Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.399 0.417 0.421 -0.99 PASS 
85.00 7.000 8.528 0.410 0.414 -0.99 PASS 
95.00 7.000 9.026 0.388 0.396 -1.96 PASS 
65.00 7.000 8.528 0.410 0.414 -0.99 PASS 
55.00 7.000 8.850 0.396 0.396 0.00 PASS 
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Relay Test 



ANGLE 1 



105.00 



Results for: PHASE C-A MAX TORQ TEST 



ANGLE 2 MAX TORQUE IDEAL  RANGE   OK? 



41.00  73.00 75.00 70.00  TO 80.00 PASS 



Relay Test 



Z ANGLE 



75.00 



Results for: PHASE C-A REACH TEST 



VOLTAGE CURRENT IMPEDANCE 



7.000 8.150 0.430 



 



 
IDEAL %ERROR OK? 



0.421 2.04 PASS 



Relay Test Results for: PHASE C-A CIRCLE TEST  



Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.150 0.430 0.421 2.04 PASS 
85.00 7.000 8.275 0.423 0.414 2.04 PASS 
95.00 7.000 8.761 0.400 0.396 1.01 PASS 
65.00 7.000 8.191 0.427 0.414 3.09 PASS 
55.00 7.000 8.496 0.412 0.396 4.17 PASS 
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Relay Test Results for: TARGET 
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KD-10.FST20941 Relay Results (continued) for: 
 



 



 



 



Relay Test Results for: VERIFIED AC VOLTAGE & CURRENT INPUTS 
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PASS 



Relay Test Results for: VERIFIED DC CONTROL VOLTAGE 



OK? 



PASS 
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Relay Settings Used for Testing: 



[Suppressed] 
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RTS Relay Test Results 
 
 



 
 



Lib Routine: SEL-421.FST_LIB AF/AL: AL Pass/Fail: PASS 



Lib Version: Test Date: 04/02/2014 



Relay Data: 



SCAN_LAST_DATE: 4/2/2014 12:14:03 PMSCAN_CHECK_RESULT: PASS 
SCAN_ERROR_INFO: OPERATING_COMPANY:  
SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 
SUBSTATION 
SYS_PROTECTION_ID: N/A LZOP_NAME: ERO 161KV 
OPERATING_STATUS: INSERVICE NAME: ERO 21P 
TYPE: SEL-421 IEEE_DEVICE: 21 DISTANCE RELAY 
PHASE: ABC DATETESTED: 3/13/2014 
TESTED_BY: W12345 TESTED_BY2: 
TESTED_BY3: TESTED_BY4: 
MANUFACTURER: SCHWEITZER MODEL: SEL-421 
STYLE:  IL_IB: 
SERIAL_NUMBER: FIRMWARE: SEL-421-2-R123-V0-Z010010- 
Z010010-D20070223 D20070223 
FIRMWAREAPPLIEDDATE: 1/1/1910 COMPLETIONSTATUS: 4 TESTING COMPLETED 
PREVIOUS_TESTDATE: 3/13/2014 CURRENT_TESTDATE: 4/2/2014 
Global Defines: 



Routine Notes: 



ECL_21P_161KV (SEL-421) COMPLIANCE & DOBLE DYNAMIC TESTED RELAY. 03/13/14 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION 
 



 
OK? 



 



Relay Test Results for: TESTING_PROGRAM_SELECTION  



OK? 
 



Relay Test Results for: ASSET_MANAGEMENT  



OK? 
 



Relay Test Results for: *** SET UP COMMUNICATION ***  



OK? 
 



Relay Test Results for: VERIFY TIME AND DATE ON RELAY 
 



DAT 
03/12/2014 
=>> 



 
 
12:47:31 
=>> 



 



   
   



   
   



   
   



 •     
   



  
  



    
  TIM  
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 



Relay Test Results for: STATUS TEST 



STA 
ERO_161KV Date: 03/12/2014  Time: 12:47:50.506 
ERO_161KV Serial Number: 2009299193 
FID=SEL-421-2-R123-V0-Z010010-D20070223 CID=0x6e74 
Failures 
No Failures 



Warnings 
No Warnings 



SELogic Relay Programming Environment Errors 
No Errors 



Relay Enabled 
=>> 
Relay Test Results for: DOWNLOAD FID  



 OK? 



Relay Test Results for: DOWNLOAD RELAY SETTINGS  
 OK? 



Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 



 
DIGITAL ALARMS/INPUTS/OUTPUTS V1.0 12/20/2012 



-----VERIFY PROPER FUNCTIONALITY OF DIGITAL INPUTS/OUTPUTS----- 
 



FUNCTION TEST ALARMS TO CONTROL CENTER 
[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 



 
 



PERFORMED DIGITAL INPUT/OUTPUT TEST(S) 
[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 



 
 



DID THESE CHECKS MEET EXPECTATIONS? 
[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 



Relay Test Results for: * RELAY CONNECTIONS *  
 OK? 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 



Relay Test Results for: METER TEST 



MET 
ERO_161KV Date: 03/12/2014  Time: 12:55:05.546 
ERO_161KV Serial Number: 2009299193 



Phase Currents 
IA IB IC 



I MAG (A) 800.003 798.822 799.400 
I ANG (DEG) 0.02 -120.00 120.03 



Phase Voltages Phase-Phase Voltages 
VA VB VC VAB VBC VCA 



V MAG (kV) 93.789 93.710 93.729 162.368 162.347 162.387 
V ANG (DEG) 0.00 -119.98 119.99 29.99 -90.00 150.01 



Sequence Currents (A) Sequence Voltages (kV) 
I1 3I2 3I0 V1 3V2 3V0 



MAG 799.409 1.317 0.763 93.743 0.037 0.105 
ANG (DEG) 0.02 -21.31 43.20 0.00 -20.16 11.09 



A B C 3P 
P (MW) 75.03 74.86 74.93 224.82 
Q (MVAR) -0.02 0.01 -0.05 -0.06 
S (MVA) 75.03 74.86 74.93 224.82 
POWER FACTOR 1.00 1.00 1.00 1.00 



LEAD LAG LEAD LEAD 
FREQ (Hz) 60.00 VDC1(V) 0.00 VDC2(V) 0.00 
=>> 



 
 



VIEW RELAY'S METERING DATA.  DID VALUES MEET 
EXPECTATIONS? 



 
YES NO 
(O) ( ) 
Relay Test Results for: *** TEST NOTES ***   



  OK? 



Relay Test Results for: ELEMENT TEST   
PICKUP CURRENT IDEAL RANGE  OK? 



3.150 1.000 0.000 TO 4.000 PASS 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 



 
 
 
 
 
 
 



Relay Test Results for: LOG OUT OF THE RELAY OK? 



Print Date: 14-Jan-2015 Page 5 of 6  











Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 



 



Relay Test Results for: TEST COMPLETION RESULTS 
 
 



TCF V3.9 02/04/2014 
 



### STATUS OF TEST RESULTS ### 
 



WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS RELAY? 
[x] PASS 
[ ] FAIL 



 
IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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RTS Relay Test Results 
 



 
 



 



Lib Routine: PROTECTION COMM SYS.FST_LIB AF/AL: AL Pass/Fail: PASS 



Lib Version: Test Date: 04/02/2014 



Relay Data: 



SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: NOT SCANNED 



SCAN_ERROR_INFO:   OPERATING_COMPANY: 



SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 



SUBSTATION 



SYS_PROTECTION_ID: BES LZOP_NAME:  ERO 161KV 



OPERATING_STATUS: INSERVICE NAME: ERO DR-XR P 



TYPE: RELAY-COMM DATETESTED: 3/24/2014 



TESTED_BY: W12345 TESTED_BY2: 



TESTED_BY3: TESTED_BY4: 



COMM_FUNCTION: RELAY COMMUNICATION COMM_MEDIUM: DIGITAL 



COMM_OPERATION: RECEIVER/TRANSMITTER SCHEMETYPE: PERMISSIVE OVERREACH 



(POR) 



COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 



CURRENT_TESTDATE: 4/2/2014 
Global Defines: 



Routine Notes: 



Relay Settings Used for Testing: 
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Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 



 



 



 



Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  



 OK? 



Relay Test Results for: TESTING_PROGRAM_SELECTION  



 OK? 



Relay Test Results for: ASSET_MANAGEMENT  



 OK? 



Relay Test Results for: *** SELECT COMMUNCIATON MEDIUM *** 



 
SELECT COMMUNICATION V4.0 01/10/2013 



SELECT COMMUNICATION MEDIUM 



 



( ) CARRIER 
( ) TELECOMM 
(O) DIGITAL 



Relay Test Results for: FUNCTIONALITY TESTS 



 
FUNCTIONALITY TESTS V4.0 01/10/2013 



---------------------FUNCTIONALITY TESTS-------------------------------- 



A.  FUNCTIONALITY TESTS SHALL BE PERFORMED BY ONE OF THE THREE METHODS 



I. SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING. 
-TESTING THE COMPLETE PROTECTION SUBSYSTEM AT DIFFERENT LOCATIONS 
USING TIME SYNCHRONIZATIONS.  INCLUDES RELAYS AND COMMUNICATION 
DEVICES. 



II.  NON-SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING 
-MANUALLY INITIATE REMOTE COMMUNICATION INTERFACE TO VERIFY LOCAL 
PROTECTION SYSTEM. 



III. SINGLE END TESTING 
-UTILIZES THE LOCAL RELAY AND LOOPED BACK COMMUNICATION EQUIPMENT TO 
VERIFY LOCAL SCHEME FUNCTIONALLY. 



WHAT TEST METHOD WILL YOU BE USING? 



END TO END(O) END TO END( ) SINGLE END( ) 
SYNC NO SYNC NO SYNC 



 



IS THIS MORE THAN A TWO TERMINAL LINE? [ ] (CLICK IF YES) 
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Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 



 



 



Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 
 



 
 



OPERATION OF ALARMS/INPUTS/OUTPUTS V4.0 01/10/2013 
 



-----VERIFY PROPER FUNCTIONALITY OF SCHEMES----- 
 



 
FUNCTION TEST ALARMS TO CONTROL CENTER 



 



[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 



 



 



 
VERIFING COMMUNICATION SYSTEM INTO CONTROL SCHEME(S) 



 



[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 



 



 



 
DID THESE CHECKS MEET EXPECTATIONS? 



 



[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
Relay Test Results for: TEST EQUIPMENT USED 



 



TEST EQUIPMENT USED V4.0 



DOES NOT APPLY FOR DIGITAL COMMUNICATION CIRCUITS. 



Relay Test Results for: DIGITAL-TEST PLAN 



 
 



DIGITAL TEST PLAN V1.0 12/18/2012 
 



-----------------DIGITAL TEST PLAN-------------------------- 
 



I. VERIFY CHANNEL PERFORMANCE AND QUALITY, AND VERIFY CHANNEL MEETS PERFORMANCE 
CRITERIA, REFER TO SOURCES SUCH AS WESTINGHOUSE 'APPLIED PROTECTIVE RELAYING', 
CHAPTER 15 OR SIMILAR, EQUIPMENT MANUFACTURE RECOMMENDATIONS, OR INTERNAL 
ENGINEERING SPECIFICATIONS. 



 



VALIDATION OF ANY DATA ERRORS OR PACKET LOSSES IF POSSIBLE? 
 



 
YES [x] NO [ ]  **NOTE: A NO REQUIRES COMMENT ENTRY. 



Relay Test Results for: TEST COMPLETION RESULTS 



 
 



TCF V3.9 02/04/2014 
 



### STATUS OF TEST RESULTS ### 
 



WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS COMM? 
[x] PASS 
[ ] FAIL 



 



IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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RTS Relay Test Results 
 



 
 



 



Lib Routine: TCF-10B._LIB AF/AL: AL Pass/Fail: PASS 



Lib Version: Test Date: 12/10/2014 



Relay Data: 



Substation: XYZ 



Line_Location: wwww51 



Device_No: 85 



Company_No: 000339 



Number: RLY-000-000 



Phase: C 



Panel_No: 11 



Manufacturer: Pulsar 



Type: TCF-10B 



Test_Location: wyz 



Division: WYZ 



Technology: SOLID STATE 



Compliance_Type: 



Test_Procedure: TCF-10B 



Style_Catalog: C2M1B2SND 



Serial_Number: TC-10B 2594 



Instruction_Book: 



Firmware_Version: 



Calibration_By: abc 



Calibration_Date: 5/10/2010 



Tested_By: abc 



Test_Date: 12/10/2014 
Global Defines: 



Routine Notes: 



Replace wave trap, tuner, and CCVT. 



Relay Settings Used for Testing: 



TX_GUARD_FREQ= 169.25 



TX_TRIP_FREQ= 168.75 



TX_DTT_FREQ= 0 



TX_OUTPUT_POWER_LOW= 1 



TX_OUTPUT_POWER_HIGH= 10 



%_REFLECTIVE_POWER= 0.53 



RETURN_LOSS= 22.82 



RX_GUARD_FREQ= 171.25 



RX_TRIP_FREQ= 170.75 



RX_DTT_FREQ= 0 



RX_LEVEL_AT_KNIFE_BLADE= 15.2 



RX_SENSITIVITY= 0 



MARGIN= 15 



SKEWED_HYBRID_TX_SEPARATION= 35.47 



SKEWED_HYBRID_TX_LOSS= 0.9 



SKEWED_HYBRID_RX_LOSS= 13.5 



RESISTIVE_HYBRID_TX_SEPARATION= 24 



RESISTIVE_HYBRID_TX_LOSS= 3 



SPARK_GAP= 0.030 



Sample 



communication test 



documentation 
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Relay Test Results for: CARRIER MANUAL TEST 



ACTION 



VERIFIED INPUTS/OUTPUTS PASS 



VISUALLY INSPECTED CARRIER FOR DEFECTS PASS 



THE CARRIER FUNCTIONAL TESTED PROPERLY 



AND VALUES BELOW WERE VERIFIED PASS 



*************TRASMITTER  SECTION************* 



TX POWER LOW 



1.000 WATT 



TX POWER HIGH 



10.000 WATTS 



RETURN LOSS 



22.820 DB 



REFLECTIVE POWER 



< 0.530 % 



**************RECEIVER SECTION************* 



RX SENSITIVITY 



0.000 MV 



RX LEVEL AT KNIFE BLADE 



15.200 DB 



MARGIN 



15.000 DB 



 



VERIFIED RX ACTIVE STATE (TRIP, UNBLOCK, 



BLOCK, AND DTT IF APPLICABLE) 



LEVELS AND FREQUENCIES ON CARRIER RECEIVER CLI METER. PASS 



***********SKEWED 



TX SEPARATION 



35.470 DB 



HYBRID SECTION*********** 



TX LOSS 



0.900 DB 



RX LOSS 



13.500 DB 



*********RESISTIVE HYBRID SECTION********** 



TX SEPARATION TX LOSS 



24.000 DB 3.000 DB 



 



*********LINE TUNER SECTION********** 



SPARK GAP 



0.030 INCHES 



Relay Results (continued) for: TCF-10B.WPSC2183512102014AL 



 



 



 



 



 



 



 



 



 



 



 



 
TX GUARD FREQ TX TRIP FREQ TX DTT FREQ 
169.250 KHZ 168.750 KHZ 0.000 KHZ 



 



 



 



 



 



 
 



RX GUARD FREQ RX TRIP FREQ RX DTT FREQ 
171.250 KHZ 170.750 KHZ 0.000 KHZ 
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Communication Carrier computerized maintenance management system  
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Communication Relays: Refer to GD-0700, GD-0705 and GD-0720 for additional information 



Maintenance 
The maintenance procedure for communications relays will follow the manufacturers 
recommended procedure document in the relay’s associated Instruction manual. These manuals 
are available at the station, in the possession of the tester, the contractor’s office, from 
manufacturer website or from the ATC system protection office. It should be noted that the proper 
functioning of a communication scheme is dependent on proper functioning of the communication 
relay as well as the communication path. As such, components of the communication path may 
need maintenance or calibration. The maintenance procedure will include but is not limited to: 
  1. Check tightness of all connections 
  2. Visual inspection of the relay for defects 
  3. Visual inspection of protective gaps 



 
Testing 



The testing procedure for communication relays will follow the manufacturer’s recommended 
procedure documented in the relays associated Instruction Manual. These manuals are available 
at the station, in the possession of the tester, the contractor’s office, from manufacturer website or 
from the ATC system protection office. The testing procedure will include but is not limited to: 
  



1) Transmitter:  
a) Test and Record As Left values. 



• Output Power Level (Guard and Trip) 
• Reflective power level (Guard only) 
• Measure frequency (guard and trip) 



 
b) Verify keying input(s) are functional 



 
2) Receiver: 



c) Test and Record As Left values 
•   Received Signal level(s) (guard, trip and transfer trip if applicable). 



d) Verify receiver outputs 
 



3) Transmitter-Receiver or Transceiver: 
e) Provide As Left test file. 
f) Verify all control circuit protective input paths are functional. (If applicable) 
g) High light in orange each proven path on the schematic. (If applicable) 
h) Verify Alarm contact to Control Center. 



 
Calibration 



In the course of testing if the relay is found not to meet the manufacturer’s tolerance or a repair is 
necessary, the relay will be calibrated according the manufacturer’s recommended procedure. 
Calibration may be required on the communication relay, and/or the components in the 
communication path (tuner, wave trap, CCVT, audio circuits). Upon completion of the calibration 
procedure, the relay will be tested per the testing procedure above. 



 
Repair or Replacement 



The relay will not be returned to service if it does not pass testing and calibration procedures.  In 
these cases, the relay may need to be repaired or simply replaced.  All repairs shall be 
documented by creating an unplanned maintenance order within the Cascade system.  These 
orders will be updated and closed upon final repair of the failed relay.  



 
The replacement of relays will be completed under the direction of the System Protection group, Asset 
Manager of relays, Substation Maintenance Specialist and the Cascade administrator. 
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Title: PROTECTION SYSTEM TESTING PROCEDURE               
Former ED or Memo #: Memo112 
 
PREPARED BY: ________________       
DATE: _____________  Max Circuit # or Asset # _______________      
 
 



 
 
           
Component Type - Voltage and Current Sensing Devices according to (NERC 
PRC-005-2) Table 1-3 



 n.  Reference station AC drawings and measure the secondary current and voltage 
magnitudes at the inputs of the relays.  Measured current values are verified via 
comparison to other CT’s on that breaker, transformer, or other transmission line 
source; and if possible measured voltages are compared to other voltages within 
the substation, or simply determine if voltage levels are appropriate.  
Record meter command for a non-microprocessor relays on Voltage and Current 
Sensing Devices Data Entry Sheet (ED 787). 
 



Note: High impedance differential relays (i.e. PVD, SBD, SEL-587Z) with parallel CT connections: 
• Measure voltage induced on operating circuit quantities should appear equal to or close 



to 0, and verify all CT’s are carrying load. 
or 



• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Current differential relays with parallel CT connections: 



• Measure operating circuit quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load. 
or 



• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
OR 



 p.  If the CT or VT is de-energized, verify the cable is good from the relay to the CT/VT, 
verify the current and voltage inputs of the relay work properly, and verify CT/VT turns 
ratio is acceptable.  (i.e. Large capacitors that are prevented from being in service due to 
system conditions) 



Although not required by PRC-005-2, an entity should develop their own guidelines for a tolerance 
between measured currents.   A tolerance of +/- 10% difference between measured currents and voltages 
should be acceptable. 
For polarizing, residual or neutral currents, 3IO and 3VO quantities appear equal to or close to 0. 



Version #: 14           Revised Date: 3/5/14                                               
Next Review Date: 3/5/15            Approved Date: 3/5/14 
OCS Document #: PDOC267865            Page 1 of 1 
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Items highlighted in yellow are required 



maintenance activity verifications/ 



inspections per PRC-005-2 



Printed: 1/14/2015 14:49:07 Reads History 
Collected Reads Data by Inspection Form and Equipment 



Page 1 of 1 



Location: 



Equip #: 



Equip Position: 



EXAMPLE 



BA-Example-1 



EXAMPLE 125 V SUBST 



Equip Type: 



Manufacturer: 



Model: 



Battery 



ALCAD 



SD11 



Serial #: Mfg Date: 4/1/2000 00:00 



Charger Amps: 



DC Supply Voltage: 



Battery Electrolyte Level OK: 



No Unintentional Grounds: 



Battery Condition: 



Ground Test Negative: 



Ground Test Positive: 



Fuses in Good Condition: 



Breakers Reset: 



Battery Placard Posted: 



2.50 amps 



135.00 volts 



Y 



Y 



OK 



OK 



OK 



OK 



OK 



Y 



Rev 3.4.04 



Inspection Form 



EXAMPLE Substation Inspection 



Inspection Start Date Inspection End Date Inspection Type 



12/1/2014 12:30 12/1/2014 14:00 Patrol 



Reading Type 



BatteryInspection 
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Location   Test Date: DEC.31/2014



Manufacturer AC Volts 240  Date of Manufacture JUNE22/2003
Model # AC Amps 34   
Serial Number # DC Volts 130



DC Amps 35



Manufacturer Model # 3CC - 9  JULY15/2003
VLA or NiCad 68  F 68  F
Number of total cells.



Verify Station DC Supply Voltage (Dist. Pnl.) Volts Charge Potential per cell 2.223 Volts



Inspect DC Gnd Lights OK Positive 66.5 Negative 67.8 Average Battery Cell Voltage 2.232 Volts



Verify Float Voltage of Battery Charger .05 Volts above average 2.332 Volts



Verify Battery Continuity   (Ok) .05 Volts below average 2.182 Volts



Inspect Physical condition of Battery rack   (Ok) Below 2.13 Volts



Float Current (Current on battery loop) Amps Below 2.07 Volts



Verify Equalizing Voltage of Battery Charger Battery Cell Summed Voltage 133.929 Volts



Cell
Cell 



Condition
Electrolyte



 Level Volts
Specific 
Gravity Cell



Cell 
Condition



Electrolyte
 Level Volts



Specific 
Gravity Cell



Cell 
Condition



Electrolyte
 Level Volts



Specific 
Gravity



1 OK OK 2.248 1.221 21 OK OK 2.221 1.222 41 OK OK 2.263 1.224
2 OK OK 2.263 1.226 22 OK OK 2.234 1.227 42 OK OK 2.263 1.225
3 OK OK 2.241 1.224 23 OK OK 2.229 1.225 43 OK OK 2.212 1.227
4 OK OK 2.18 1.221 24 OK OK 2.239 1.226 44 OK OK 2.275 1.224
5 OK OK 2.197 1.224 25 OK OK 2.231 1.224 45 OK OK 2.275 1.226
6 OK OK 2.19 1.224 26 OK OK 2.248 1.225 46 OK OK 2.214 1.224
7 OK OK 2.239 1.228 27 OK OK 2.243 1.226 47 OK OK 2.199 1.224
8 OK OK 2.236 1.226 28 OK OK 2.226 1.223 48 OK OK 2.192 1.223
9 OK OK 2.231 1.226 29 OK OK 2.234 1.225 49 OK OK 2.202 1.224



10 OK OK 2.239 1.229 30 OK OK 2.251 1.225 50 OK OK 2.185 1.223
11 OK OK 2.219 1.224 31 OK OK 2.243 1.226 51 OK OK 2.187 1.221
12 OK OK 2.231 1.222 32 OK OK 2.248 1.226 52 OK OK 2.248 1.225
13 OK OK 2.258 1.224 33 OK OK 2.251 1.225 53 OK OK 2.243 1.224
14 OK OK 2.249 1.223 34 OK OK 2.236 1.223 54 OK OK 2.243 1.223
15 OK OK 2.234 1.225 35 OK OK 2.226 1.223 55 OK OK 2.243 1.223
16 OK OK 2.219 1.223 36 OK OK 2.209 1.219 56 OK OK 2.27 1.224
17 OK OK 2.239 1.224 37 OK OK 2.173 1.223 57 OK OK 2.258 1.226
18 OK OK 2.234 1.225 38 OK OK 2.219 1.224 58 OK OK 2.239 1.226
19 OK OK 2.236 1.224 39 OK OK 2.221 1.223 59 OK OK 2.253 1.227
20 OK OK 2.243 1.224 40 OK OK 2.236 1.225 60 OK OK 2.221 1.226



 log X.XXX  
 



Notes:  



7.  Equilize batteries calculation - (.05V/ +.1V) if individual cell float voltages(s) deviate from the average value.
7.  Float Current = Battery Charger Amps (-) DC Load Amps
8.  General appearance and cleanliness of the battery, the battery rack and battery area
9.  Safety Protective Equipment:  a) Goggles  b) Acid-resistant gloves  c) Protective aprons  d) Portable or stationary water facilities for rinsing eyes and skin in case of contact with
     electrolyte  e) Class C fire extinguisher



Notes:



Tested By



Volts  (141V-144V)



60



Test Results Calculated Values
133.4



133.4



OK



OK



0.03



140.7



Volts  (133V-136V)



XX & YY



1.  Float voltage measured at battery terminals and Battery Charger on
2.  Battery continuity tested with battery charger off and clamp-on ammeter in battery circuit
3.  Battery ground, check for lights on charger, check dc volts from positive and negative to station ground grid.
4.  Specific Gravity tests should be made under normal float conditions.  (readings measurements are not as accurate for the first few weeks after a battery , a)  recharged,  
 b)  Equilizing charge  c)  Water addition.  Highes SG at the bottom of cell, lowest at top, average of Top, middle and bottom should used for actual electrolyte specific gravity of a cell.
5.  Specific Gravity normal range is 1.210 - 1.300
6.  Use cell voltage from Bite tester, compare a test cell using a digital voltmeter.



Specific Gravity range is 1.205 to 1.220.  Battery condition is good.  We had some cracking going on on some batteries (we epoxyed them).  Charger looks good and operates well.



Ambient Temperature Battery Temperature
Installation Date



996556 / 456820 BF



XXXX
VLA



Annual Battery and Battery Charger Test Report



Station Batteries Nameplate



Exide 
SCRF130 - 1 - 25 - E



Substation X



Battery Charger Nameplate








			Sheet1
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R:\TD\Apparatus\Batteries\Completed Battery Forms           Page 1 of 2 Rev. 2009-03-11



Location: Techs: Test Date:(yyyy-mm-dd)



Manf: Date Installed: Capacity Test X New Install X Other
No. of Cells: Capacity: AH@ 8 hrs
Type: Disch. Curr. @ 25C: Battery  : Cell  :



Avg. Cell Temp.: deg C Float Current:
K factor : Test start time: Initial: milliamps  Date:
Corr. Disch. Curr: Test stop time: Recharge: milliamps  Date:
Planned Test Duration: mins. Actual Discharge time: mins. Calculated Capacity:



Battery Discharge/Capacity Test Report
ANYWHERE SUBSTATION R2D2 2/1/2011



Battery Data Reason for Report
C&D 12/5/2010



59 200 End Of Discharge Low Voltage Limits
PbCa 25 103.3 1.750



15
1.11 10:00



(hh:mm)
17.0 2/1/2011



22.523 18:25 3/31/201122.0



480 505 105%
Time Initial 1st HR 2nd HR 3rd HR 4th HR 5th HR 6th HR 7th HR 8th HR 18:25 10th HR End of Rechgd
Batt V 131.0 117.7 117.2 116.3 115.5 114.5 113.3 111.8 130.4
Cell VPC VPC



109.9 108.7 Test SG
Measured Cell  Voltages



1 2.213 2.001 1.994 1.979 1.969 1.950 1.932 1.909 1.884 1.871 1.117 2.216
2 2.221 1.998 1.990 1.976 1.965 1.944 1.924 1.898 1.871 1.855 1.110 2.217
3 2.216 2.000 1.992 1.979 1.968 1.948 1.929 1.907 1.883 1.870 1.110 2.216
4 2.197 2.001 1.991 1.976 1.965 1.944 1.923 1.897 1.869 1.855 1.111 2.206
5 2.192 2.002 1.993 1.978 1.967 1.946 1.926 1.901 1.876 1.861 1.114 2.209
6 2.193 2.002 1.994 1.979 1.967 1.948 1.930 1.906 1.880 1.869 1.112 2.207
7 2.194 1.989 1.981 1.967 1.955 1.934 1.914 1.887 1.858 1.840 1.102 2.206
8 2.202 1.989 1.979 1.964 1.952 1.930 1.910 1.881 1.847 1.826 1.094 2.220
9 2.201 1.988 1.985 1.966 1.954 1.933 1.912 1.885 1.856 1.838 1.100 2.216
10 2.214 1.995 1.987 1.974 1.963 1.942 1.923 1.898 1.872 1.854 1.107 2.216
11 2.220 2.000 1.991 1.976 1.964 1.943 1.923 1.897 1.869 1.852 1.113 2.220
12 2.211 1.995 1.987 1.973 1.962 1.940 1.920 1.895 1.866 1.864 1.110 2.214
13 2.212 1.998 1.991 1.976 1.964 1.945 1.927 1.902 1.878 1.858 1.106 2.217
14 2.226 2.000 1.991 1.977 1.965 1.944 1.926 1.900 1.874 1.858 1.114 2.224
15 2.206 1.996 1.988 1.973 1.963 1.943 1.924 1.899 1.872 1.879 1.111 2.211
16 2.214 2.003 1.995 1.982 1.972 1.952 1.935 1.912 1.889 1.870 1.111 2.215
17 2.211 2.002 1.993 1.980 1.970 1.949 1.931 1.906 1.883 1.871 1.104 2.217
18 2.197 1.997 1.989 1.975 1.964 1.945 1.927 1.903 1.877 1.865 1.104 2.220
19 2.220 1.994 1.985 1.970 1.959 1.937 1.918 1.889 1.858 1.840 1.104 2.217
20 2.231 1.998 1.989 1.974 1.962 1.941 1.921 1.893 1.864 1.845 1.108 2.220
21 2.223 1.996 1.987 1.973 1.962 1.941 1.922 1.894 1.866 1.850 1.107 2.220
22 2.223 2.000 1.991 1.978 1.967 1.946 1.928 1.903 1.879 1.865 1.114 2.219
23 2.224 1.997 1.987 1.973 1.961 1.940 1.920 1.892 1.861 1.842 1.099 2.224
24 2.219 1.997 1.989 1.975 1.964 1.943 1.924 1.898 1.871 1.858 1.095 2.218
25 2.197 1.989 1.981 1.966 1.954 1.933 1.913 1.886 1.853 1.835 1.104 2.212
26 2.205 1.989 1.979 1.964 1.951 1.930 1.909 1.880 1.843 1.820 1.105 2.220
27 2.207 1.990 1.981 1.967 1.955 1.934 1.914 1.888 1.857 1.843 1.106 2.215
28 2.199 1.991 1.981 1.967 1.956 1.934 1.914 1.887 1.852 1.835 1.114 2.208
29 2.186 1.996 1.986 1.972 1.961 1.939 1.920 1.893 1.865 1.849 1.106 2.208
30 2.216 1.988 1.987 1.969 1.952 1.931 1.913 1.887 1.859 1.846 1.100 2.229
31 2.232 1.995 1.987 1.974 1.962 1.941 1.922 1.895 1.866 1.850 1.100 2.217
32 2.242 1.990 1.981 1.967 1.955 1.931 1.911 1.880 1.841 1.819 1.110 2.221
33 2.228 1.991 1.981 1.968 1.955 1.934 1.914 1.885 1.848 1.827 1.105 2.215
34 2.235 1.996 1.987 1.973 1.962 1.940 1.921 1.893 1.861 1.846 1.109 2.220
35 2.244 1.996 1.986 1.972 1.960 1.937 1.918 1.890 1.855 1.838 1.117 2.225
36 2.237 1.997 1.989 1.976 1.964 1.944 1.925 1.900 1.873 1.858 1.113 2.223
37 2.230 1.995 1.985 1.972 1.961 1.940 1.923 1.897 1.869 1.857 1.117 2.213
38 2.232 1.998 1.988 1.973 1.962 1.939 1.920 1.893 1.861 1.845 1.111 2.217
39 2.232 1.995 1.984 1.971 1.958 1.937 1.917 1.889 1.857 1.840 1.111 2.214
40 2.229 1.991 1.982 1.969 1.957 1.936 1.915 1.888 1.855 1.837 1.113 2.215
41 2.240 1.991 1.981 1.966 1.954 1.931 1.911 1.881 1.842 1.820 1.110 2.223
42 2.232 1.992 1.983 1.969 1.956 1.935 1.916 1.888 1.853 1.837 1.110 2.216
43 2.227 1.991 1.982 1.969 1.955 1.934 1.915 1.886 1.851 1.836 1.106 2.218
44 2.238 1.991 1.980 1.967 1.954 1.933 1.913 1.884 1.847 1.827 1.107 2.218
45 2.235 1.992 1.983 1.969 1.958 1.936 1.917 1.889 1.858 1.841 1.108 2.218
46 2.244 1.991 1.981 1.968 1.955 1.935 1.915 1.886 1.851 1.835 1.100 2.223
47 2.242 1.993 1.983 1.969 1.957 1.934 1.912 1.883 1.847 1.828 1.095 2.224
48 2.235 1.990 1.981 1.967 1.954 1.933 1.913 1.883 1.847 1.829 1.095 2.216
49 2.234 1.983 1.973 1.959 1.947 1.924 1.905 1.873 1.830 1.806 1.105 2.220
50 2.214 1.981 1.970 1.954 1.942 1.917 1.894 1.858 1.783 1.653 1.105 2.216
51 2.212 1.982 1.971 1.956 1.943 1.920 1.898 1.867 1.815 1.779 1.109 2.209
52 2.231 1.989 1.980 1.967 1.954 1.933 1.913 1.888 1.855 1.840 1.100 2.228
53 2.230 1.992 1.981 1.967 1.956 1.933 1.913 1.886 1.852 1.835 1.103 2.229
54 2.230 1.991 1.981 1.968 1.955 1.934 1.916 1.889 1.857 1.848 1.107 2.225
55 2.220 1.991 1.981 1.968 1.957 1.935 1.916 1.890 1.837 1.816 1.108 2.219
56 2.218 1.989 1.978 1.964 1.951 1.928 1.907 1.877 1.837 1.828 1.105 2.215
57 2.234 1.988 1.977 1.964 1.952 1.929 1.910 1.882 1.847 1.859 1.107 2.223
58 2.221 1.993 1.983 1.971 1.959 1.940 1.922 1.899 1.872 1.863 1.108 2.211
59 2.227 1.993 1.985 1.972 1.962 1.941 1.924 1.901 1.875 1.867 1.110 2.218
60
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 LOW !



Site Notes:



Comments:



108.65 130.83



Time Initial 1st HR



Error 0.01 V 0.07 V 0.10 V 0.03 V -0.07 V
Min. 2.186 1.981 1.970 1.954 1.942 1.653



Cell Voltage Analysis Continued From Page 1



Avg. 2.220 1.994 1.985 1.971 1.959 1.938 1.918 1.891 1.859 1.841 1.107 2.217
Totals: 131.00 117.63



2nd HR 3rd HR 4th HR



1.094 2.206
-0.43 V



5th HR 6th HR 7th HR 8th HR



1.858 1.7831.917 1.894
0.19 V 0.13 V



18:25 10th HR EOT SG Rechgd



0.23 V 0.23 V 0.05 V
117.10 116.27 115.57 114.31 113.17 111.57 109.67








			new example
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DC Control Circuit Testing 



Circuit Power Circuit 
Breaker Id Device Tested Device Operated 



(Trip Coil, Lockout, Aux Relay) Dwg # Abnormal Operations Precautions Test Notes Pass / Fail Test Personnel Date 
115KV Line 1012 Local Breaker Pushbutton PCB 1012 Trip Coil 52T 66-123    Pass  4/15/2013 
115KV Line 1012 52CS PCB 1012 Trip Coil 52T 66-123    Pass  4/15/2013 
115KV Line 1012 21A- (OUT102) PCB 1012 Trip Coil 52T 66-123   Relay Terminals 4RDM A03-A04 Pass  4/15/2013 
115KV Line 1012 21B- (OUT102) PCB 1012 Trip Coil 52T 66-123   Relay Terminals 4RDL A03-A04 Pass  4/15/2013 
115KV Line 1012 81X PCB 1012 Trip Coil 52T 66-123   Relay Terminals 5EY 1-7 Pass  4/15/2013 
115KV Line 1012 86MT PCB 1012 Trip Coil 52T 66-123   Lockout Terminals 5EV 5-5C Pass  4/15/2013 
115KV Line 1012 POTT Receive 21A (IN102) & 21B (IN102) 66-123  Open all Trips 21A & 21B Terminals 4Q 8-9 Pass  4/15/2013 
115KV Line 1012 21A- (OUT101) Transmit Key 66-123  Turn KLS Switch to Test & Monitor DC Volts Across term 6 on KLS & 4Q7 Relay Terminals 4RDM A01-A02 Pass  4/15/2013 
115KV Line 1012 21B- (OUT101) Transmit Key 66-123  Turn KLS Switch to Test & Monitor DC Volts Across term 6 on KLS & 4Q7 Relay Terminals 4RDL A01-A02 Pass  4/15/2013 
115KV Line 1012 52A/1012 Contact 21A- (IN101) 66-123    Pass  4/15/2013 
115KV Line 1012 52A/1012 Contact 21B- (IN101) 66-123    Pass  4/15/2013 



           115KV Line 1022 Local Breaker Pushbutton 1 PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 Emergency Trip 69/1 PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 52CS PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 21A- (OUT101) PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 4RDK A01-A02 Pass  4/15/2013 
115KV Line 1022 21B- (OUT101) PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 4RDJ A01-A02 Pass  4/15/2013 
115KV Line 1022 81X PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 5EY 2-8 Pass  4/15/2013 
115KV Line 1022 86MT PCB 1012 Trip Coil 52T1 66-126   Lockout Terminals 5EV 4-4C Pass  4/15/2013 
115KV Line 1022 52A/1022 Contact 21A- (IN101) 66-126    Pass  4/15/2013 
115KV Line 1022 52A/1022 Contact 21B- (IN101) 66-126    Pass  4/15/2013 



           13.8KV Generator Bkr 972 Local Bkr Pushbutton PCB 972 Trip Coil 52TC 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 52CS PCB 972 Trip Coil 52TC 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 86G PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 5EW 1-1C Pass  5/6/2013 
13.8KV Generator Bkr 972 86MT PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 5EV 1-1C Pass  5/6/2013 
13.8KV Generator Bkr 972 41 Aux. Sw. PCB 972 Trip Coil 52TC 66-132   Open Field Breaker Pass  5/6/2013 
13.8KV Generator Bkr 972 41 Pos. Sw. PCB 972 Trip Coil 52TC 66-132   Open Field Breaker Pass  5/6/2013 
13.8KV Generator Bkr 972 86CF-972 PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 6AN 12-18 Pass  5/6/2013 
13.8KV Generator Bkr 972 52B/972 Contact SEL-251 (IN3) 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 52B/972 Contact SEL-300G (IN101) 66-132    Pass  5/6/2013 



           86CF/972 Lockout  62CFX/972 62CF/972 66-132  Open all 86CF Test Switches (6AU), Jumper 52B (TB13-TB14) in PCB 972 Close PCB 972 w/52CS Pass  5/6/2013 
86CF/972 Lockout  62CF/972 86CF/972 66-51  Open all 86CF Test Switches (6AU), Jumper 52B (TB13-TB14) in PCB 972 Close PCB 972 w/52CS Pass  5/6/2013 



           PCB 972 Breaker Failure  86G SEL-251 (IN5) 66-51  Open all Trips from SEL-251 Lockout Terminals 5EW 5-5C Pass  5/8/2013 
PCB 972 Breaker Failure  SEL-300G (OUT101) SEL-251 (IN5) 66-51  Open all Trips from SEL-251 Relay Terminals 5RFB A01-A02 Pass  5/8/2013 



           Generator  46 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EB 1-10 Pass  5/8/2013 
Generator  64 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EJ 1-2 Pass  5/8/2013 
Generator  87G Phase A 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EP 1-2 Pass  5/8/2013 
Generator  87G Phase B 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EN 1-2 Pass  5/8/2013 
Generator  87G Phase C 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EM 1-2 Pass  5/8/2013 
Generator  58 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EH 1-2 Pass  5/8/2013 
Generator  Stop Valve Contact 86G 66-112  Open all 86G Test Switches (5FK), PCB 972 Must be Closed Terminals 5V 1-4 Pass  5/8/2013 
Generator  SEL-300G (OUT201) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B01-B02 Pass  5/8/2013 
Generator  SEL-300G (OUT202) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B03-B04 Pass  5/8/2013 
Generator  SEL-300G (OUT203) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B05-B06 Pass  5/8/2013 
Generator  SEL-300G (OUT204) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B07-B08 Pass  5/8/2013 
Generator  SEL-300G (OUT205) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B09-B10 Pass  5/8/2013 
Generator  SEL-300G (OUT207) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B13-B14 Pass  5/8/2013 
Generator  SEL-300G (OUT206) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B11-B12 Pass  5/8/2013 
Generator  32 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 6BL 1-10 Pass  5/8/2013 
Generator  SEL-251 (Trip 1) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 6RBA 1-2 Pass  5/8/2013 



           Frequency Relaying  81UF 81X 66-115 Latches until 52A opens Pull 1012 & 1022 Trip DC Knife Switches in Breakers, Jumper 5AA 1-2 Relay Terminals 5RFG 1-10 Pass  5/8/2013 
Frequency Relaying  81OF 81X 66-115 Latches until 52A opens Pull 1012 & 1022 Trip DC Knife Switches in Breakers, Jumper 5AA 1-2 Relay Terminals 4REB 1-10 Pass  5/8/2013 



           Main & Aux XFMRs  87MT T-PRO (OUT1) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RED 202-203 Pass  5/8/2013 
Main & Aux XFMRs  87MT/CO Switch 87MT T-PRO (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  87AT SEL-587 (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RET 205-206 Pass  5/8/2013 
Main & Aux XFMRs  87AT SEL-587 (OUT1) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RET 203-204 Pass  5/8/2013 
Main & Aux XFMRs  87AT/CO Switch 87AT SEL-587 (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  63SPR / Main XFMR 86MT 66-114  Open all 86MT Test Switches (5FL) Main XFMR Terminals SD3-SD4 Pass  5/8/2013 
Main & Aux XFMRs  49/ Main XFMR 86MT 66-114  Open all 86MT Test Switches (5FL) Main XFMR Terminals SF5-SF6 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase A 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CD 1-2 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase B 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CB 1-2 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase C 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CA 1-2 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase A 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 1-10 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase B 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 11-18 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase C 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 11-19 Pass  5/8/2013 
Main & Aux XFMRs  SEL-251 (A3) 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6RBA 11-12 Pass  5/8/2013 
Main & Aux XFMRs  87MT T-PRO (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RED 204-205 Pass  5/8/2013 
Main & Aux XFMRs  87B1 B-PRO (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RED 204-205 Pass  5/8/2013 
Main & Aux XFMRs  51N/BU 115/13.8 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4DZ 1-2 Pass  5/8/2013 
Main & Aux XFMRs  87B1/CO Switch 87B1 B-PRO (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  21A- (OUT104) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RDM A07-A08 Pass  5/8/2013 
Main & Aux XFMRs  21B- (OUT104) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RDL A07-A08 Pass  5/8/2013 











 
Mam & Aux XFMRs  21A- !OUT1031 86MT 66-114  Onen all 86MT Test Switches!5FL1 Relm Terminals 4RDK A05-A06 Pass  5/8/2013 
Mam & Aux XFMRs  21B- !OUT1031 86MT 66-114  Onen all 86MT Test Switches!5FL1 Relav Terminals 4RDJ A05-A06 Pass   5/8/2013 
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RTS Relay Test Results 
 



 
 



 



Lib Routine: DC-SLZLIN.FST_LIB AF/AL: AL Pass/Fail: 



Lib Version: Test Date: 04/02/2014 



PASS 



Relay Data: 



SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: PASSED 
SCAN_ERROR_INFO: OPERATING_COMPANY:  
SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 
SUBSTATION 
SYS_PROTECTION_ID: BES LZOP_NAME: ERO 161KV 
OPERATING_STATUS: INSERVICE NAME: DC ERO 161KV 
TYPE: DC-SLZLIN DATETESTED: 2/5/2014 
TESTED_BY: W12345 TESTED_BY2: 
TESTED_BY3: TESTED_BY4: 
COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 
CURRENT_TESTDATE: 4/2/2014 
Global Defines: 



Routine Notes: 



Relay Settings Used for Testing: 



Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  



 OK? 



Relay Test Results for: TESTING_PROGRAM_SELECTION  



 OK? 



Relay Test Results for: ASSET_MANAGEMENT  



 OK? 
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Relay Results (continued) for: DC-SLZLIN.FSTPB0758804022014AL 
  



 



Relay Test Results for: TRIP PATH VERIFICATION FORM 



 



 



TPV V2.3 02/04/2014 
 



### TRIP PATH VERIFICATION FORM ### 
--------------------------------------------------------------------- 



 
1. TRIP COIL(S) OR TRIP PATHES VERIFIED: 



[x] YES[ ] NO[ ] N/A 
 



2. CIRCUITS FROM PROTECTIVE RELAYS TO LOCKOUT: 
[x] YES[ ] NO[ ] N/A 



 
3. CIRCUITS FROM PROTECTIVE RELAYS TO AUXILIARY RELAYS: 



[x] YES[ ] NO[ ] N/A 
 



4. LOCKOUT TO TRIP COILS: 
[x] YES[ ] NO[ ] N/A 



 
5. AUXILIARY RELAYS TO TRIP COIL(S): 



[x] YES[ ] NO[ ] N/A 
 



6. LOGIC CIRCUITS BETWEEN PROTECTIVE RELAYS: 
[x] YES[ ] NO[ ] N/A 



 
7. TRIP CIRCUITS FROM SUDDEN PRESSURE DEVICE TO LOCKOUT: 



[ ] YES[ ] NO[x] N/A 
 



8. VERIFICATION OF PROPER OPERATION OF ANNUNCIATOR AND SCADA POINTS: 
[x] YES[ ] NO[ ] N/A 
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Relay Results (continued) for: DC-SLZLIN.FSTPB0758804022014AL 
  



 



 



 



Relay Test Results for: TEST COMPLETION RESULTS 



 
 



TCF V3.9 02/04/2014 
 



### STATUS OF TEST RESULTS ### 
 



WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS DC CIRCUIT? 
[x] PASS 
[ ] FAIL 



 



IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
 



 
TCF V3.9 02/04/2014 



 



### TEST COMPLETION RESULTS ### 
----------------------------------------------------------------- 



TESTING TECHNICIAN: W12345 DEVICE TYPE: DC CIRCUIT 
DATE TESTED: 2/5/2014 TESTING PROGRAM:  PM -ROUTINE MAINTENANCE 



MM/DD/YYYY PASS/FAIL: PASS 
----------------------------------------------------------------- 



 



1. CONDITION AS FOUND STATUS: CONDITION AS LEFT STATUS: 
[x] OK[ ] NOT OK [x] OK [ ] NOT OK 



 
2. ENTER ADDITIONAL TESTING TECHNICIAN'S IDS (IF ANY): 



TECHNICIAN 2 
TECHNICIAN 3 
TECHNICIAN 4 



 



3. TESTED ALL LOCKOUT RELAYS?  :[x] YES [ ] NO 
 



4. TESTED ALL TRIPPING RELAYS? :[x] YES [ ] NO 
 



5. CORRECT TARGET OPERATIONS?  :[x] YES [ ] NO 
 



6. RELAYING/AUXILARY DEVICES INSPECTED AND CONTACTS WERE CLEANED? 
[x] YES 
[ ] N/A (REQUIRES COMMENT ENTRY) 



 



 



 
7. SELECT THE TYPE OF WORK PERFORMED (SELECT ALL THAT APPLY): 



[ ] REPLACED BAD COMPONENT [ ] REPAIRED 
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Title: Under Frequency Load Shedding (UFLS) equipment  
           Testing Procedure             
Former ED or Memo # Memo 712                       
 
The function of this memo is to provide clarity and understanding in the testing of UFLS 
systems. This includes protective relays, AC voltage sensing devices, Batteries, and DC control 
circuitry from the station DC supply through the trip coil(s) of the circuit breakers or other 
interrupting devices. 
 
AC Current sensing devices, communication equipment, and lockouts are not components of 
the UFLS system and therefore their testing is not applicable for the UFLS maintenance 
program.  
 
Preliminary 
 



 1. Review station one line & schedule needed switching/outages with System 
Operations.  



 
 2.   Obtain equipment settings for involved equipment. 



 
Field 
 



 3. Check MAXIMO equipment numbers for accuracy and work with Transmission 
Assets staff to resolve inaccuracies or missing information. (Relays, com-equipment, 
sensing & associated devices) 



NERC PRC-005-2 Required Activities (Table 3) 
 
Protective Relay 



 a. Check that settings are correct on relays and match settings in office 
.   
 Non-Microprocessor Relay (Steps b and c) 



b. Electrically test relays at apparatus change order (ACO) settings using 
ENOSERV Program, test set, or manufacturer’s instruction literature.  Document 
results below for the appropriate frequency or attach test report. 



 
Frequency Pickup  Range  (Hz)  Measured Trip frequency (Hz)  



 
 c.  Check box if calibration was necessary.  



 
 



Maximo Circuit #      Date     
Maximo WO #      Tested by/Initial:   
Maximo Equip.#      Name:     
        



Step 1-59.3 Hz  59.25 to 59.35 Pass/Fail 
  



Measured Trip Time (cycles) 
Step 2-59.0 Hz  58.95 to 59.05 
Step 3-58.7 Hz  58.65 to 58.75 
Frequency Time  10 cy to 14.5 cy     Pass/Fail 
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Title: Under Frequency Load Shedding (UFLS) equipment  
           Testing Procedure             
Former ED or Memo # Memo 712                       
 



Microprocessor Relay (Steps d and e) 
 d. Verify operation of the relay inputs and outputs that are essential to proper 



functioning of the Protection System. 
 e. Use ENOSERV meter test or test set to verify acceptable measurement of power 



system voltage/frequency values. (AD convertor is working properly for voltage 
inputs.) 



 
Voltage Sensing device 
       f.  Verify that voltage signal values are provided to the protective relays inputs. 
Expected PT Voltage:            Measured PT Voltage:    
 
Protection System dc supply 
      g.  Verify Protection System dc supply voltage at the trip output of the relay. 
Expected Voltage DC:                       Measured Voltage DC:    
 
Control Circuitry 



 h.  Verify relay output trips LOR and/or tripping auxiliary devices associated with 
UFLS. 



 i.  If the breaker/interrupting device is 115 kV or greater, verify the relay output trips 
the breaker/interrupting device. 



 
Alarm Paths and Monitoring (PRC-005-2 Table 2) 



j.  Verify that the alarm path conveys alarm signals to a location where corrective 
action can be initiated. 



 Relay Alarm to Sys. Operations verified  
 
k. Process results using MAXIMO – electronic file – paper as per work plan.  Send 



testing results to ________________. 
 
Documentation: 
Include relay test report or meter command if applicable. 
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			d. Verify operation of the relay inputs and outputs that are essential to proper functioning of the Protection System.
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Relay 81/700 Pass 



Test Details 



 Summary 



Description Last Test Overall Status



Relay 81/700 2010-Apr-22 11:42 Pass



Description 



Last tested 2010-Apr-22 11:42 Next test due 2016-Apr-22 11:38 



 Test Plan Summary 



Description Last Test Overall Status



Test Plan SFR59 2010-Apr-22 11:42 Pass



 Relay Nameplate 



Name 



Manufacturer 



Model 



Description 



Function 



Circuit 



Firm. Version 



81/700 



X 



Frequency 



Serial Number 



Special ID 



Station Name 



Location 



Company 



Division 



Asset Tag 



7062511 



700 Bus 



700 Bus 



Firmware Date 1/1/0001 12:00:00 AM Reg. Category Calibration 



 Instruments Used 



N/a 1/1/0001 12:00:00 AM 



Description This plan was last modified on: 2009-Nov-06 08:52 



Last run 2010-Apr-22 11:42 



Description Document Step - Settings 



Last run by - 



Instrument SN 



Calibrated on Firmware 



Serial Number Calibration Date 



Plan SFR59 Pass 



Test Setup 
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Description Linear Ramp, Frequency - 59.3.0 Hz 



Last run 4/22/2010 11:38:08 AM by XXX 



Instrument SN N/a 



Calibrated on 1/1/0001 12:00:00 AM Firmware 



Notice: No test condition history available for selected test run results 



 



 



 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 



0.0 ms 0.0 ms 



 
 
 
 
 
 



 



 Sense Settings   
 



Name Channel Id Label Connection Delay Duration Condition Type 



S1 LN1 MA FT- ground 0.0 ms 0.0 ms Potential, 1.5V 
Threshold 



0 -> 1 



 
 



Test History Test run on: 4/22/2010 11:38:08 AM by XXX  



Results  
Label / Value Tested Expected + - Actual   Result 



Ramp 2010-Apr-22 11:38:08 59.300 Hz 0.10 Hz 0.10 Hz 59.288 Hz -0.012 Hz Pass 



Test U/F Pickup Pass 



 Prefault   



Src Ampl Phs Freq 



Action 



Src High 



 



 
Low 



 



 
Ampl 



 



 
Phs 



 



 
Freq 



Reset 



Src 



 



 
Ampl 



 



 
Phs 



 



 
Freq 



 VA 



Condition 
 115.000 



Value 



0.000 ACTION 



Units 
 



Offset Value 60.000 Hz 



Offset Duration 1000.0 ms 



Delta Value -0.020 Hz/s 



Limit Value 50.000 Hz 
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Description Linear Ramp, Frequency - 60.0 Hz 



Last run 4/22/2010 11:41:08 AM by XXX 



Instrument SN N/a 



Calibrated on 1/1/0001 12:00:00 AM Firmware 



Notice: No test condition history available for selected test run results 



 



 



 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 



0.0 ms 0.0 ms 



 
 
 
 
 
 



 



 Sense Settings   
 



Name Channel Id Label Connection Delay Duration Condition Type 



S1 LN1 MA FT- ground 0.0 ms 0.0 ms Potential, 1.5V 
Threshold 



1 -> 0 



 
 



Test History Test run on: 4/22/2010 11:41:08 AM by XXX  



Results  
Label / Value Tested Expected + - Actual   Result 



Ramp 2010-Apr-22 11:41:08 59.900 Hz 0.10 Hz 0.10 Hz 59.898 Hz -0.002 Hz Pass 



Test U/F Reset Pass 



 Prefault   



Src Ampl Phs Freq 



Action 



Src High 



 



 
Low 



 



 
Ampl 



 



 
Phs 



 



 
Freq 



Reset 



Src 



 



 
Ampl 



 



 
Phs 



 



 
Freq 



 VA 



Condition 
 115.000 



Value 



0.000 ACTION 



Units 
 



Offset Value 59.000 Hz 



Offset Duration 2000.0 ms 



Delta Value 0.020 Hz/s 



Limit Value 60.000 Hz 
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Description Operating Time, Frequency - 6.0 Cycles 



Last run 4/22/2010 11:42:46 AM by XXX 



Instrument SN N/a 



Calibrated on 1/1/0001 12:00:00 AM Firmware 



Notice: No test condition history available for selected test run results 



 



 



 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 



0.0 ms 0.0 ms 



 
 
 
 
 
 



 



 Sense Settings   
 



Name Channel Id Label Connection Delay Duration Condition Type 



S1 LN1 MA  0.0 ms 0.0 ms Potential, 1.5V 
Threshold 



0 -> 1 



 
 



Test History Test run on: 4/22/2010 11:42:46 AM by XXX  



Results  
Label / Value Tested Expected + - Actual   Result 



Single Point Test 2010-Apr-22 11:42:46 106.7 ms 5.00 % 5.00 % 106.1 ms -0.531 % Pass 



 



Test U/F Timing Pass 



 Prefault   



Src Ampl Phs Freq 



Action 



Src High 



 



 
Low 



 



 
Ampl 



 



 
Phs 



 



 
Freq 



Reset 



Src 



 



 
Ampl 



 



 
Phs 



 



 
Freq 



 VA 



Condition 
 115.000 



Value 



0.000 ACTION 



Units 
 



Offset Value 60.000 Hz 



Offset Duration 1000.0 ms 



Test Value 59.000 Hz 



Max On Time 1000.0 ms 
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Promoting RELIABILITY and Mitigating RISKS to the Bulk Power System
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A major change within the MRO Standards Committee charter is the initiative to develop non-binding advice and training to help stakeholders meet the requirements of existing and new NERC Standards. The Standards Committee expects to participate in the development of new NERC Standards, as well as, provide training on “new standards” that are coming down the pike. 





This is presentation is the Standards Committee’s first attempt at offering non-binding advice and training on Standards PRC-005-1 and PRC-008-0, since these standards appear to be the most highly violated, that will assist stakeholders towards a successful audit of their Protection System Maintenance and Testing Programs. 








2


Disclaimer


The Midwest Reliability Organization (MRO) Standards Committee (SC) is committed to providing training and non-binding guidance to industry stakeholders regarding existing and emerging Reliability Standards.  Any materials, including presentations, were developed through the Standards Committee by Subject Matter Experts from member organizations within MRO.   





The materials have been reviewed by MRO staff and provide reasonable application guidance for the standard(s) addressed.   Ultimately, demonstrating compliance depends on a number of factors including the precise language of the standard, the specific facts and circumstances, and quality of evidence.   





These documents may be reproduced or distributed to any person or entity only in its entirety. 
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Purpose


Definitions


Facilities: Protection Systems included or excluded 


Acceptable Maintenance Activities for each element of Protection System


Acceptable Maintenance Activities for UFLS/UVLS equipment


Performance Based Maintenance


Implementation Plan


References


Topics
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This is a guidance document that is intended to assist entities to meet the requirements of and maintain compliance with NERC Reliability Standard PRC-005-2 – Protection System Maintenance.


The team has also prepared this presentation and example documentation from their utilities to provide a Standards Application Guide (SAG) overview and help guide entities on applicability of Bulk Electric System (BES) Facilities to the Standard.


Purpose
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Merges and retires the following NERC Reliability Standards


PRC-005-1


PRC-008-0


PRC-011-0


PRC-017-0


Addresses FERC directives from Order 693, including that NERC establish maximum allowable maintenance intervals


No basis required








PRC-005-2
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Specific maintenance activities and intervals. Dependent on


Equipment type


Type of Monitoring used


Time based or performance based


Performance-Based (any component beside DC supply)


No grace periods that would exceed maximum intervals


No exceptions





PRC-005-2
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Protective relays which respond to electrical quantities,


Communications systems necessary for correct operation of protective functions,


Voltage and current sensing devices providing inputs to protective relays, 


Station dc supply associated with protective functions (including station batteries, battery chargers, and non-battery-based dc supply), and 


Control circuitry associated with protective functions through the trip coil(s) of the circuit breakers or other interrupting devices.


 Source: Glossary of Terms used in NERC Reliability Standards. 


“Protection System” Definition
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Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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	An ongoing program by which Protection System, Automatic Reclosing (PRC-005-3), and Sudden Pressure (PRC-005-4) Components are kept in working order and proper operation of malfunctioning Components is restored. A maintenance program for a specific Component includes one or more of the following activities: 








 


“Protection System Maintenance Program (PSMP)” Definition
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Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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Verify — Determine that the Component is functioning correctly. 


Monitor — Observe the routine in-service operation of the component. 


Test — Apply signals to a component to observe functional performance or output behavior, or to diagnose problems. 


Inspect — Examine for signs of component failure, reduced performance or degradation.


Calibrate — Adjust the operating threshold or measurement accuracy of a measuring element to meet the intended performance requirement.


 Source: Glossary of Terms used in NERC Reliability Standards. 





“Protection System Maintenance Program (PSMP)” Definition (cont’d) 
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Protection Systems that are installed for the purpose of detecting Faults on BES Elements (lines, buses, transformers, etc.) PRC-005-2, §4.2.1.





Note: This does not include out of step tripping or blocking








Protection Systems Included 	
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BES


> 100 kV


Total Generation > 75 MW


BES








Protection Included PRC-005-2 


< 100 kV








Aggregated generation directly connected to the BES through a low voltage system











Protection Excluded
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The Outage Of Any One Element That Would 
Cause The Outage Of > 75 MVA Of Generation


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    




























































































13





If a protection zone encompasses BES and non-BES elements, then this protection is covered by PRC-005-2.


Transformer Protection that is connected to CT’s on a BES-breaker (i.e., ring bus or breaker and a half).  This protection system not only protects the transformer, but also protects a BES-bus and detects Faults on BES Elements (BES-bus).


Radial lines directly connected to BES ring bus or breaker and a half bus.





Protection Systems Included (continued) 	
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B





























BES


DIST. SUB


FAULT ON BUS


1


      BREAKERS A AND B


   OPERATE


2


1


2


2


A


BES


>100 kV
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Protection Included in PRC-005-2: per §4.2.1


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    


NOTE:  Transformer Differential Protection is connected to CTs on breakers A and B.  The purpose of the protection includes the BES bus between breakers A and B, and detects faults on either the BES bus or the NON-BES line and transformer (Zone of protection circled in Red).














Distribution Transformer Protection connected to CTs on BES breakers
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BES





Fault on Bus


1


Breakers A & B trip


1








BES


BES


RING OR BREAKER AND A HALF BUS
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> 100 kV


Protection connected to CT’s on breakers A & B


2


2


2


3








XFMR LOW SIDE


< 100 kV


























3


3


A





NOTE:  Radial Line Protection is connected to CTs on breakers A and B.  The  purpose of the protection includes the BES bus between breakers A and B, and detects faults on either the BES bus or the NON-BES  radial line (Zone of protection circled in Red).





B



Radial Transmission Line Protection connected to CTs on BES breakers 









Transformer Protection  not applicable.  High voltage bus protection is applicable.  Breaker C breaker failure protection not applicable. 
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Protection Systems for station service or excitation transformers connected to the generator bus of generators which are part of the BES, that act to trip the generator either directly or via lockout or tripping auxiliary relays. (PRC-005-2, §4.2.5.4).


Protection Systems Included (continued) 	
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> 100 kV


GEN > 20 MW








BES









































Station service transformer Protection Included in PRC-005-2: per §4.2.5.4 Protection Systems for station service or excitation transformers connected to the generator bus of generators which are part of the BES, that act to trip the generator either directly or via lockout or tripping auxiliary relays.
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Station Service Transformer Protection System trips BES generator


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    
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Any breaker failure relay that detects the failure of a breaker that is defined as a BES breaker, or non-BES breaker that trips a single BES generator or an aggregate of BES generators.


Protection Systems Included (continued) 	
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> 100 kV


GEN > 20 MW





PRC-005-2














BES












































Primary or secondary station service transformer that does not trip generator excluded per §4.2.5.4





PRC-005-2
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The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    


Station Service Transformer Protection System does not trip BES generator








Breaker failure included in PRC-005-2: per §4.2.5.4 would trip the generator via lockout relay.
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A study can be done to exclude Facilities and their protection systems.  The study to exclude this Facility and protection system should determine if power never flows in the reverse direction through the transformer into the BES under any scenario or contingency(s), or actual power flow through the transformer is measured and has not been shown to flow into the BES.





Protection Systems Included,
unless study is done to show it should be excluded
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BES


DIST. SUB








> 100 kV


BES


























> 50 kV, but < 100kV


> 100 kV


BES


BES








BES definition allows a study to exclude protection systems and Facilities in orange.  Excluded if the study determines that power never flows towards the BES through the transformers.
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>100 kV Radial Lines Connected By 
A Looped Subtransmission System 


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    


Protection systems and Facilities in green are always excluded.








If the protection zone covers only non-BES elements, then the protection scheme is not covered by PRC-005-2.


Protection Systems Excluded 	
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B



































BES


DIST. SUB





     FAULT ON TRANSFORMER


1


 FAULT INTERRUPTER 


 OPERATES 


2


BREAKERS A AND B


DO NOT OPERATE


3


1


2


3


3





A


BES
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> 100 kV


Excluded from PRC-005-2


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





Distribution Transformer protection connected to CTs on Non-BES breaker
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BES


DIST. SUB








> 100 kV


BES


























< 50 kV


> 100 kV


BES


BES








Excluded from PRC-005-2: not part of BES
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>100 kV Radial Lines Connected By 
A Looped Subtransmission System 


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    


Protection systems and elements in green are always excluded.








Any breaker failure relay for a breaker that is defined as a non-BES breaker, unless that breaker fail relay trips a BES generator. (i.e., the high-side or low-side breaker of a non-BES transformer connected to a BES bus.) 


Note: Even though this relay may detect Faults on BES Element (the BES bus), the purpose of the relay is to detect current flowing through the failed non-BES breaker.


Protection Systems Excluded (continued)	
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C












































BES


DIST. SUB








X


FAULT ON TRANSFORMER


1


BREAKER C FAILS TO CLEAR 


THE FAULT


2


RELAYING TRIPS BREAKERS A & B


3


1


2


3


3











B


A


BES


BES


RING OR BREAKER AND A HALF BUS
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Transformer  Breaker Failure Protection for Non-BES Breaker



> 100 kV


Breaker failure relay for Non-BES breaker excluded from PRC-005-2








Transformer Protection  not applicable.  High voltage bus protection is applicable.  Breaker C breaker failure protection not applicable. 
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Breaker Failure W/ Transfer Trip



> 100 kV


Note: Excluded from PRC-005-2 even if breaker failure relaying protecting transformer from failed Non-BES interrupter can detect BES fault current.  Its purpose is to detect any current flowing through Breaker C.


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





Line protection included in PRC-005-2.








Any protection system installed for the purpose of detecting Faults on only non-BES Elements regardless of the actions of that protection system opening or disconnecting a BES element.


Protection Systems Excluded (continued)	
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Protection System Excluded from 


PRC-005-2


The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    


NOTE:  Transformer Differential Protection is connected to CTs on high-side bushings of transformer.  The  purpose of the protection excludes the BES bus between breakers A and B, and detects faults only on the NON-BES transformer (Zone of protection circled in green).





Distribution Transformer protection connected to CTs on Non-BES transformer
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Protective Relay Operated Grounding Switch



> 100 kV
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31








B


A


C












































SUB A


SUB B


DIST. SUB











Fault on high-side of transformer
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Relay detects too much fault current for C to clear (Excluded from PRC-005-2)
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>100 kV
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Transfer Trip
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A control system that acts to trip the generator is excluded from PRC-005-2.  A control system is not considered a protection system.


	Subject Matter Expert Team (SMET) considers these as protection systems:


loss of field


reverse power


	And these as control system examples:


exciter controls


capacitor controls


Control Systems Excluded 
(continued)	
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Purpose


Definitions


Facilities: Protection Systems included or excluded 


Acceptable Maintenance Activities for each element of Protection System


Acceptable Maintenance Activities for UFLS/UVLS equipment


Performance Based Maintenance


Implementation Plan


References


Topics
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Verify that settings are as specified:


A check box stating the relay settings were verified 


Pass/Fail or Yes/No/NA relays setting verification stated in relay test report








Protective Relay Maintenance Activities 
(Table 1-1 and Table 2)
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For non-microprocessor relays:


Test and, if necessary calibrate (only activity that requires more than a check box)


Relay test report


Date


Relay identification


Tester ID (not required, but is a good control)


Test results proving the test was performed (lock out relay (LOR) and auxiliary relays are tested per Table 1-5 for Control Circuitry)


Pass/Fail-is auditor friendly but not required


Protective Relay Maintenance Activities (Table 1-1 and Table 2) (continued)
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Note: Relay calibration is not required to be documented, but this
may be helpful for asset renewal.





Protective Relay Maintenance Activities (Table 1-1 and Table 2) (continued)
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For microprocessor relays:


Verify operation of the relay inputs and outputs that are essential to proper functioning of the Protection System.


A check box stating the essential relay outputs/inputs were verified


Pass/Fail essential relay outputs/inputs verification stated in relay test report


A check box stating the relay monitoring alarms were verified


Pass/Fail essential relay monitoring alarm verification stated in relay test report








Protective Relay Maintenance Activities (Table 1-1 and Table 2) (continued)
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Note: Verify the actual operation of the output contact (i.e., test continuity at test switch, trip LOR, or trip breaker).  Viewing an event report does not confirm the output actually closed; it only proves the logic to actuate the output picked up.  Inputs can be confirmed via event reports.





Protective Relay Maintenance Activities (Table 1-1 and Table 2) (continued)
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For microprocessor relays:


Verify acceptable measurement of power system input values.


A check box stating during the CT/PT testing, if there is another CT/PT value to be compared to. (i.e. if you compare the energized system metered values within the primary relay to the secondary relay. This would satisfy both your AD convertor testing and PT/CT testing.)


A check box stating currents or voltages measured by an independent meter were accurately measured within the relay.


A check box stating known currents or voltages were injected from a test set and verified to be accurately measured within the relay.


A test report showing known currents or voltages were injected from a test set and verified to be accurately measured within the relay.


Protective Relay Maintenance Activities (Table 1-1 and Table 2) (continued)
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Electro-Mechanical or Solid-State











Microprocessor


Sample Tests for a Protective Relay
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Microprocessor Relay Test Example


42


Alarms tested
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Verify that the communications system is functional, by verifying a signal initiated at the sending end results in correct receiver output at the remote end.


Verify operation of communications system inputs and outputs that are essential to proper functioning of the Protection System.


Verify that the alarm path conveys alarm signals to a location where corrective action can be initiated (Table 2).








Communication Systems Maintenance Activities (Table 1-2 and Table 2) 
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A check box stating the verification of each required maintenance activity of Communication Systems above.


Verify that the communications system meets performance criteria pertinent to the communications technology applied (e.g., signal level, reflected power, or data error rate).





Communication Systems Maintenance Activities (Table 1-2 and Table 2) 
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Tests for Communication


45


Communication test report


Date


Communication equipment identification or associated relay identification


Check box stating transmitted/received levels were adequate or record transmitted/received levels (for power line carrier, tone, and microwave only).  Not applicable to digital


Check box stating reflective power was adequate or record Reflective power levels (for power line carrier, tone, and microwave only).  Not applicable to digital


Record propagation and/or data error rate (for fiber/digital only), unless monitored


Pass/Fail-is auditor friendly but not required





        





Sample Carrier 			            Sample Digital
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A check box stating verify that current and voltage signal values are provided to the protective relays.


A meter command from a microprocessor


Pass/Fail verify that current and voltage signal values are provided to the protective relays stated in test report


Measured current or voltage values recorded





Voltage and Current Sensing Devices Maintenance Activities (Table 1-3 and Table 2)
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CTs/PTs


Sample Test for Voltage and Current
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All required battery maintenance activities and documentation are fairly straight forward.


In order to verify battery continuity you could turn off battery charger, and clamp onto the battery load terminals and verify current is flowing to station DC load.  This can be documented by either a check box or pass/fail of battery continuity verified. 


Note: If an entity decides not to do load testing, the entity must have a station battery baseline for impedance testing.


Table 1-4(e) requires the DC Voltage to be measured for an unmonitored SPS tripping non-BES breakers, non-distributed UFLS systems, or non-distributed UVLS systems every 12 calendars years.  This can be documented by either a check box or pass/fail of DC voltage verified, or the recording of the measured value.


Table 1-4(f) does enable exclusions from maintenance activities for monitored Station DC supplies.





Station DC Supply Maintenance Activities (Table 1-4 and Table 2)
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4 month








18 month








6 year


Sample Tests for DC Supply
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Any test below is acceptable


A check box stating the verification of any required maintenance activity of Control Circuitry


Highlighted schematics or one-lines


A detailed list of each trip path for a breaker, auxiliary relay, or LOR that is signed and dated


Control Circuitry Maintenance Activities (Table 1-5)
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For lockout testing PRC-005-2 requires a functional trip.  As an example, a test using a relay output and station battery DC to trip the LOR is adequate.


Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective relay or UFLS/UVLS relay that is considered included within PRC-005.





Note: Supplementary reference and FAQ Section 15.3





Control Circuitry Maintenance Activities (Table 1-5)
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A list of trip paths signed and dated








A check box





Sample Tests for Control Circuitry
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Purpose


Definitions


Facilities: Protection Systems included or excluded 


Acceptable Maintenance Activities for each element of Protection System


Acceptable Maintenance Activities for UFLS/UVLS equipment


Performance Based Maintenance


Implementation Plan
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If the UFLS/UVLS is non-distributed you must follow maintenance activities and intervals in Tables 1-1 through 1-3, Table 1-4(e), and Table 1-5.  


If the UFLS/UVLS is distributed you must follow maintenance activities and intervals in Table 3.


After thorough review of UFLS/UVLS activities in PRC-005-2 Tables, the SME Team has determined there is no difference between the maintenance activities of a distributed or non-distributed UFLS/UVLS system.





Under Frequency Load Shedding (UFLS)/ 
Under Voltage Load Shedding (UVLS) 
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Relay maintenance same as Protection System Maintenance


Communication maintenance is generally not applicable for non-distributed and not required for distributed


Voltage Sensing Device maintenance same as Protection System Maintenance


Station DC Supply maintenance: The DC Voltage is to be verified at the output(s) that trips the interrupting device(s) for a UFLS/UVLS system. Non-distributed Table 1-4(e) or distributed Table 3





UFLS/UVLS Maintenance Activities 
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Path from relay to LOR and/or auxiliary relay and essential supervisory logic


Electrical operation of electromechanical lockout and/or auxiliary relay


If it is a BES breaker, need to confirm DC circuitry from relay to breaker and trip breaker





UFLS/UVLS Control Circuitry Maintenance (Table 1-5 or Table 3) 
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Relay








All equipment


Sample Tests for UFLS
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 To establish performance based maintenance (PBM): 


Determine the population of components in segment.  Make sure that population exceeds 60.


Maintain per Tables 1-1 through 1-5 and Table 3 (i.e. table 1-5 for breaker trip coils or LORs - 6 years) until maintenance activity results are available for 30 components.


Document maintenance activities including maintenance dates and countable events .


Countable event-failure requiring repair or replacement during maintenance


Countable event-misoperation due to hardware or calibration failure (i.e. for breakers: only hardware failure applies to trip coils)


Analyze program to determine maximum maintenance interval not to exceed a 4% failure rate/countable events.


Countable events no more than 4% for the greater of either last 30 maintained or all maintained in last year.


Performance Based Maintenance (Attachment A of PRC-005-2)
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1,000 population 


100 components tested


5 countable event


Failure rate = countable events / components tested = 5/100 = 5%


Minimum components tested at Maximum Interval to failure rate of 4%: countable events / (maximum failure rate of 4%) = 5/.04 = 125


Maximum Interval = population / Minimum components tested at Maximum Interval = 1000/125 = 8 years


Note: If countable events = 0, then maintain 5% of population


Example Maximum PBM Interval calculation:
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To continue to use PBM the applicable entity must:


Annually update components and segments.


Prove they have tested at least 5% of the population annually.


Calculate the maximum interval not to exceed a 4% failure rate/countable events.


Analyze prior year data.  If the percentage countable events exceed 4% for the greater of either last 30 maintained or all maintained in last year, create an action plan to reduce the countable events below 4% within 3 years.


Do not exceed 4% countable events of segment tested for 3 consecutive years following the year the countable events first exceeded 4%.


Performance Based Maintenance (Attachment A of PRC-005-2)
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			Year			Total 
Population			 
Tested			% Tested
(must exceed 5%)			# of Failures			Maximum
# of Failures (4%)			Maximum PBM Interval


			2014			859			49			5.7%			0			1			Test 5%


			2013			824			89			10.8%			1			3			32.96 Years


			2012			824			62			7.5%			0			2			Test 5%


			2011			824			140			17.0%			0			5			Test 5%


			2010			824			266			32.3%			0			10			Test 5%


			2009			824			205			24.9%			0			8			Test 5%





Sample PBM for brand specific LOR
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If an applicable entity has an existing maintenance interval that is shorter than the required maintenance intervals within PRC-005-2 and also includes all the maintenance activities within PRC-005-2, then the applicable entity can immediately transition to the new required maintenance intervals.


If an applicable entity has an existing maintenance interval that is shorter than the required maintenance intervals within PRC-005-2, but does not include all the maintenance activities within PRC-005-2, then the applicable entity can immediately transition to the new required maintenance intervals and activities. 


Implementation 
(from shorter intervals)
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If an applicable entity has an existing maintenance interval that is longer than the required maintenance intervals within PRC-005-2, the applicable entity can transition to the new required maintenance intervals and activities per the Implementation Plan Project 2007-17 Protection Systems Maintenance and Testing PRC-005-2.  


During the implementation plan you must not exceed your existing (PRC-005-1) maintenance interval.


Implementation 
(from longer intervals)
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			Max. Maintenance Interval			% Compliant			By


			Less than 1 year			100%			Oct. 1, 2015 (1D/1Q 18 mo. following regulatory approval)


			1–2 calendar years			100%			Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)


			3 calendar years			30%			Apr. 1, 2016 (1D/1Q 24 mo. following regulatory approval)1


			3 calendar years			60%			Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)


			3 calendar years			100%			Apr. 1, 2018 (1D/1Q 48 mo. following regulatory approval)


			6 calendar years			30%			Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)2


			6 calendar years			60%			Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)


			6 calendar years			100%			Apr. 1, 2021 (1D/1Q 84 mo. following regulatory approval)


			12 calendar years			30%			Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)


			12 calendar years			60%			Apr. 1, 2023 (1D/1Q 108 mo. following regulatory approval)


			12 calendar years			100%			Apr. 1, 2027 (1D/1Q 156 mo. following regulatory approval)





1Or, for generating plants with scheduled outage intervals exceeding two years, at the conclusion of the first succeeding maintenance outage.


2 Or, for generating plants with scheduled outage intervals exceeding three years, at the conclusion of the first succeeding maintenance outage.





PRC-005-2 R3 and R4


Implementation Timelines
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NERC Reliability Standard PRC-005-2 – System Protection Maintenance


Supplementary reference and FAQ PRC-005-3 System Protection Maintenance


NERC Rules of Procedure Appendix 5C - Procedure for Requesting and Receiving an Exception from the Application of the NERC Definition of the BESNERC Glossary of Terms used in Reliability Standards


Bulk Electric System Reference Document


SMET test procedures


References
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Standards Committee


 Midwest Reliability Organization





The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





PRC-005-2 becomes effective on April 1, 2015 and entities must follow the Implementation Plan


To be compliant, all entities must develop or revise their PSMP to address the revised PRC-005 Standard (either time-based or performance-based)


Guidance is provided in this SAG to indicate Protection Systems included or excluded


The SAG includes acceptable Maintenance Activities for each element of Protection System, including UFLS/UVLS equipment


Ensure proper documentation is maintained to demonstrate compliance (Typical examples provided)


Conclusion
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The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





Refer to MRO Standards Application Guide(SAG) posted on the MRO Website 





Send your questions to mro-prc-sme@midwestreliability.org





Website: www.midwestreliability.org 


For Additional Clarification
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THREE PHASE CIRCLE TEST 
 




90º 
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RTS Relay Test Results 
 




 
 




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




Relay Test Results for: THREE PHASE CIRCLE TEST 
 




Z ANGLE 




60.00 
VOLTAGE 




7.000 
CURRENT 




10.562 
IMPEDANCE 




0.383 
IDEAL 




0.421 
%ERROR 




-9.09 
OK? 




PASS 
70.00 7.000 10.726 0.377 0.414 -9.09 PASS 
80.00 7.000 11.036 0.366 0.396 -7.41 PASS 
50.00 7.000 11.019 0.367 0.414 -11.51 FAIL 
40.00 7.000 11.650 0.347 0.396 -12.28 FAIL 




Lib Routine: KD-10.FST_LIB AF/AL: Pass/Fail: 




Lib Version: 1.11 Test Date: 02/25/2014 




Relay Data: 




Tested_By:  Division: General Substation:




  Terminal: Line 




Phase_Zone: A,B,C Relay_Manf: WH/ABB 




Relay_Type: KD-10 Model_Style: 719B195A10 




IEEE_Device: 21-1 IL_IB: 41-490 




Serial_Number: NA Firmware: NA 




Relay_ID: 12-1 NERC_Auditable: 0 




NERC_SubNum: 0 Maint_Interval: 0 




Previous_TestDate: 2/6/2010 Current_TestDate: 2/25/2014 




Next_TestDate: TestSet_CalDate: 




Approved_By: 




Routine Notes: 




Current & voltage (68-779) 




Compare current on 15RA30,31,32 to 15CH8,12,16 




measure volts on relays 7,8,9 




DC (68-788) 




94A WIL on Panel 15R 




Relay Test Results for: THREE PHASE MAX TORQ TEST 




ANGLE 1 ANGLE 2 MAX TORQUE IDEAL  RANGE   OK? 




85.00  46.00  65.50 60.00 50.00  TO 70.00 PASS 




Relay Test Results for: THREE PHASE REACH TEST 




Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR  OK? 




60.00  7.000 10.562  0.383 0.421 -9.09 PASS 
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KD-10.FST20941 Relay Results (continued) for: 
 




 




PHASE A -B CIRCLE TEST 
 




90º 
120º 60º 




150º 30º 




180º 
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210º 330º 




240º 300º 
270º 




 




Relay Test 




ANGLE 1 




91.00 




Results for: 




ANGLE 2 




49.00 




PHASE A-B 




MAX TORQUE 




70.00 




MAX TORQ TEST 




IDEAL 




75.00 70.00 




 




 




RANGE 




TO 80.00 




 
 




OK? 




PASS 




Relay Test 




Z ANGLE 




75.00 




Results for: 




VOLTAGE 




7.000 




PHASE A-B 




CURRENT 




8.981 




REACH TEST 




IMPEDANCE 




0.390 




 
 




IDEAL 




0.421 




 




 




%ERROR 




-7.41 




 
 




OK? 




PASS 




Relay Test Results for: PHASE A-B CIRCLE TEST    




Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.981 0.390 0.421 -7.41 PASS 
85.00 7.000 9.288 0.377 0.414 -9.09 PASS 
95.00 7.000 9.824 0.356 0.396 -9.91 PASS 
65.00 7.000 9.035 0.387 0.414 -6.54 PASS 
55.00 7.000 9.292 0.377 0.396 -4.77 PASS 
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Relay Test 




ANGLE 1 




102.00 




Results for: 




ANGLE 2 




45.00 




PHASE B-C 




MAX TORQUE 




73.50 




MAX TORQ TEST 




IDEAL 




75.00 70.00 




 




 




RANGE 




TO 80.00 




 
 




OK? 




PASS 




Relay Test 




Z ANGLE 




75.00 




Results for: 




VOLTAGE 




7.000 




PHASE B-C 




CURRENT 




8.399 




REACH TEST 




IMPEDANCE 




0.417 




 




 




IDEAL 




0.421 




 




 




%ERROR 




-0.99 




 




 




OK? 




PASS 
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KD-10.FST20941 Relay Results (continued) for: 
 




 




PHASE B-C CIRCLE TEST 
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PHASE C-A CIRCLE TEST 
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Relay Test Results for: PHASE B-C CIRCLE TEST    




Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.399 0.417 0.421 -0.99 PASS 
85.00 7.000 8.528 0.410 0.414 -0.99 PASS 
95.00 7.000 9.026 0.388 0.396 -1.96 PASS 
65.00 7.000 8.528 0.410 0.414 -0.99 PASS 
55.00 7.000 8.850 0.396 0.396 0.00 PASS 
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Relay Test 




ANGLE 1 




105.00 




Results for: PHASE C-A MAX TORQ TEST 




ANGLE 2 MAX TORQUE IDEAL  RANGE   OK? 




41.00  73.00 75.00 70.00  TO 80.00 PASS 




Relay Test 




Z ANGLE 




75.00 




Results for: PHASE C-A REACH TEST 




VOLTAGE CURRENT IMPEDANCE 




7.000 8.150 0.430 




 




 
IDEAL %ERROR OK? 




0.421 2.04 PASS 




Relay Test Results for: PHASE C-A CIRCLE TEST  




Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.150 0.430 0.421 2.04 PASS 
85.00 7.000 8.275 0.423 0.414 2.04 PASS 
95.00 7.000 8.761 0.400 0.396 1.01 PASS 
65.00 7.000 8.191 0.427 0.414 3.09 PASS 
55.00 7.000 8.496 0.412 0.396 4.17 PASS 
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Relay Test Results for: TARGET 




PICKUP CURRENT 




1.500 




DROPOUT CURRENT 




0.300 




TEST 




RANGE 




1.000  TO  




2.400 RANGE 




0.000 TO 2.400 




 




 




OK? 




PASS 




OK? 




PASS 
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KD-10.FST20941 Relay Results (continued) for: 
 




 




 




 




Relay Test Results for: VERIFIED AC VOLTAGE & CURRENT INPUTS 




OK? 




PASS 




Relay Test Results for: VERIFIED DC CONTROL VOLTAGE 




OK? 




PASS 
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Relay Settings Used for Testing: 




[Suppressed] 


















RTS Relay Test Results 
 
 




 
 




Lib Routine: SEL-421.FST_LIB AF/AL: AL Pass/Fail: PASS 




Lib Version: Test Date: 04/02/2014 




Relay Data: 




SCAN_LAST_DATE: 4/2/2014 12:14:03 PMSCAN_CHECK_RESULT: PASS 
SCAN_ERROR_INFO: OPERATING_COMPANY:  
SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 
SUBSTATION 
SYS_PROTECTION_ID: N/A LZOP_NAME: ERO 161KV 
OPERATING_STATUS: INSERVICE NAME: ERO 21P 
TYPE: SEL-421 IEEE_DEVICE: 21 DISTANCE RELAY 
PHASE: ABC DATETESTED: 3/13/2014 
TESTED_BY: W12345 TESTED_BY2: 
TESTED_BY3: TESTED_BY4: 
MANUFACTURER: SCHWEITZER MODEL: SEL-421 
STYLE:  IL_IB: 
SERIAL_NUMBER: FIRMWARE: SEL-421-2-R123-V0-Z010010- 
Z010010-D20070223 D20070223 
FIRMWAREAPPLIEDDATE: 1/1/1910 COMPLETIONSTATUS: 4 TESTING COMPLETED 
PREVIOUS_TESTDATE: 3/13/2014 CURRENT_TESTDATE: 4/2/2014 
Global Defines: 




Routine Notes: 




ECL_21P_161KV (SEL-421) COMPLIANCE & DOBLE DYNAMIC TESTED RELAY. 03/13/14 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION 
 




 
OK? 




 




Relay Test Results for: TESTING_PROGRAM_SELECTION  




OK? 
 




Relay Test Results for: ASSET_MANAGEMENT  




OK? 
 




Relay Test Results for: *** SET UP COMMUNICATION ***  




OK? 
 




Relay Test Results for: VERIFY TIME AND DATE ON RELAY 
 




DAT 
03/12/2014 
=>> 




 
 
12:47:31 
=>> 




 




   
   




   
   




   
   




 •     
   




  
  




    
  TIM  
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 




Relay Test Results for: STATUS TEST 




STA 
ERO_161KV Date: 03/12/2014  Time: 12:47:50.506 
ERO_161KV Serial Number: 2009299193 
FID=SEL-421-2-R123-V0-Z010010-D20070223 CID=0x6e74 
Failures 
No Failures 




Warnings 
No Warnings 




SELogic Relay Programming Environment Errors 
No Errors 




Relay Enabled 
=>> 
Relay Test Results for: DOWNLOAD FID  




 OK? 




Relay Test Results for: DOWNLOAD RELAY SETTINGS  
 OK? 




Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 




 
DIGITAL ALARMS/INPUTS/OUTPUTS V1.0 12/20/2012 




-----VERIFY PROPER FUNCTIONALITY OF DIGITAL INPUTS/OUTPUTS----- 
 




FUNCTION TEST ALARMS TO CONTROL CENTER 
[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 




 
 




PERFORMED DIGITAL INPUT/OUTPUT TEST(S) 
[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 




 
 




DID THESE CHECKS MEET EXPECTATIONS? 
[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 




Relay Test Results for: * RELAY CONNECTIONS *  
 OK? 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 




Relay Test Results for: METER TEST 




MET 
ERO_161KV Date: 03/12/2014  Time: 12:55:05.546 
ERO_161KV Serial Number: 2009299193 




Phase Currents 
IA IB IC 




I MAG (A) 800.003 798.822 799.400 
I ANG (DEG) 0.02 -120.00 120.03 




Phase Voltages Phase-Phase Voltages 
VA VB VC VAB VBC VCA 




V MAG (kV) 93.789 93.710 93.729 162.368 162.347 162.387 
V ANG (DEG) 0.00 -119.98 119.99 29.99 -90.00 150.01 




Sequence Currents (A) Sequence Voltages (kV) 
I1 3I2 3I0 V1 3V2 3V0 




MAG 799.409 1.317 0.763 93.743 0.037 0.105 
ANG (DEG) 0.02 -21.31 43.20 0.00 -20.16 11.09 




A B C 3P 
P (MW) 75.03 74.86 74.93 224.82 
Q (MVAR) -0.02 0.01 -0.05 -0.06 
S (MVA) 75.03 74.86 74.93 224.82 
POWER FACTOR 1.00 1.00 1.00 1.00 




LEAD LAG LEAD LEAD 
FREQ (Hz) 60.00 VDC1(V) 0.00 VDC2(V) 0.00 
=>> 




 
 




VIEW RELAY'S METERING DATA.  DID VALUES MEET 
EXPECTATIONS? 




 
YES NO 
(O) ( ) 
Relay Test Results for: *** TEST NOTES ***   




  OK? 




Relay Test Results for: ELEMENT TEST   
PICKUP CURRENT IDEAL RANGE  OK? 




3.150 1.000 0.000 TO 4.000 PASS 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 




 
 
 
 
 
 
 




Relay Test Results for: LOG OUT OF THE RELAY OK? 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 




 




Relay Test Results for: TEST COMPLETION RESULTS 
 
 




TCF V3.9 02/04/2014 
 




### STATUS OF TEST RESULTS ### 
 




WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS RELAY? 
[x] PASS 
[ ] FAIL 




 
IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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Verified AD accuracy: [ & ves  C No  ( Unk
Provided as left AD testfile: [ ves ( No  ( Unk

Verified outputs: [+ ves No € Unk
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Provided as left metering file: [ Yes € Mo  C Unk

Hotes/Comments:
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RTS Relay Test Results 
 




 
 




 




Lib Routine: PROTECTION COMM SYS.FST_LIB AF/AL: AL Pass/Fail: PASS 




Lib Version: Test Date: 04/02/2014 




Relay Data: 




SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: NOT SCANNED 




SCAN_ERROR_INFO:   OPERATING_COMPANY: 




SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 




SUBSTATION 




SYS_PROTECTION_ID: BES LZOP_NAME:  ERO 161KV 




OPERATING_STATUS: INSERVICE NAME: ERO DR-XR P 




TYPE: RELAY-COMM DATETESTED: 3/24/2014 




TESTED_BY: W12345 TESTED_BY2: 




TESTED_BY3: TESTED_BY4: 




COMM_FUNCTION: RELAY COMMUNICATION COMM_MEDIUM: DIGITAL 




COMM_OPERATION: RECEIVER/TRANSMITTER SCHEMETYPE: PERMISSIVE OVERREACH 




(POR) 




COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 




CURRENT_TESTDATE: 4/2/2014 
Global Defines: 




Routine Notes: 




Relay Settings Used for Testing: 
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Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 




 




 




 




Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  




 OK? 




Relay Test Results for: TESTING_PROGRAM_SELECTION  




 OK? 




Relay Test Results for: ASSET_MANAGEMENT  




 OK? 




Relay Test Results for: *** SELECT COMMUNCIATON MEDIUM *** 




 
SELECT COMMUNICATION V4.0 01/10/2013 




SELECT COMMUNICATION MEDIUM 




 




( ) CARRIER 
( ) TELECOMM 
(O) DIGITAL 




Relay Test Results for: FUNCTIONALITY TESTS 




 
FUNCTIONALITY TESTS V4.0 01/10/2013 




---------------------FUNCTIONALITY TESTS-------------------------------- 




A.  FUNCTIONALITY TESTS SHALL BE PERFORMED BY ONE OF THE THREE METHODS 




I. SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING. 
-TESTING THE COMPLETE PROTECTION SUBSYSTEM AT DIFFERENT LOCATIONS 
USING TIME SYNCHRONIZATIONS.  INCLUDES RELAYS AND COMMUNICATION 
DEVICES. 




II.  NON-SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING 
-MANUALLY INITIATE REMOTE COMMUNICATION INTERFACE TO VERIFY LOCAL 
PROTECTION SYSTEM. 




III. SINGLE END TESTING 
-UTILIZES THE LOCAL RELAY AND LOOPED BACK COMMUNICATION EQUIPMENT TO 
VERIFY LOCAL SCHEME FUNCTIONALLY. 




WHAT TEST METHOD WILL YOU BE USING? 




END TO END(O) END TO END( ) SINGLE END( ) 
SYNC NO SYNC NO SYNC 




 




IS THIS MORE THAN A TWO TERMINAL LINE? [ ] (CLICK IF YES) 















Print Date: 14-Jan-2015 Page 3 of 3 




Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 




 




 




Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 
 




 
 




OPERATION OF ALARMS/INPUTS/OUTPUTS V4.0 01/10/2013 
 




-----VERIFY PROPER FUNCTIONALITY OF SCHEMES----- 
 




 
FUNCTION TEST ALARMS TO CONTROL CENTER 




 




[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 




 




 




 
VERIFING COMMUNICATION SYSTEM INTO CONTROL SCHEME(S) 




 




[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 




 




 




 
DID THESE CHECKS MEET EXPECTATIONS? 




 




[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
Relay Test Results for: TEST EQUIPMENT USED 




 




TEST EQUIPMENT USED V4.0 




DOES NOT APPLY FOR DIGITAL COMMUNICATION CIRCUITS. 




Relay Test Results for: DIGITAL-TEST PLAN 




 
 




DIGITAL TEST PLAN V1.0 12/18/2012 
 




-----------------DIGITAL TEST PLAN-------------------------- 
 




I. VERIFY CHANNEL PERFORMANCE AND QUALITY, AND VERIFY CHANNEL MEETS PERFORMANCE 
CRITERIA, REFER TO SOURCES SUCH AS WESTINGHOUSE 'APPLIED PROTECTIVE RELAYING', 
CHAPTER 15 OR SIMILAR, EQUIPMENT MANUFACTURE RECOMMENDATIONS, OR INTERNAL 
ENGINEERING SPECIFICATIONS. 




 




VALIDATION OF ANY DATA ERRORS OR PACKET LOSSES IF POSSIBLE? 
 




 
YES [x] NO [ ]  **NOTE: A NO REQUIRES COMMENT ENTRY. 




Relay Test Results for: TEST COMPLETION RESULTS 




 
 




TCF V3.9 02/04/2014 
 




### STATUS OF TEST RESULTS ### 
 




WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS COMM? 
[x] PASS 
[ ] FAIL 




 




IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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RTS Relay Test Results 
 




 
 




 




Lib Routine: PROTECTION COMM SYS.FST_LIB AF/AL: AL Pass/Fail: PASS 




Lib Version: Test Date: 04/02/2014 




Relay Data: 




SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: NOT SCANNED 




SCAN_ERROR_INFO:   OPERATING_COMPANY: 




SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 




SUBSTATION 




SYS_PROTECTION_ID: BES LZOP_NAME:  ERO 161KV 




OPERATING_STATUS: INSERVICE NAME: ERO DR-XR P 




TYPE: RELAY-COMM DATETESTED: 3/24/2014 




TESTED_BY: W12345 TESTED_BY2: 




TESTED_BY3: TESTED_BY4: 




COMM_FUNCTION: RELAY COMMUNICATION COMM_MEDIUM: DIGITAL 




COMM_OPERATION: RECEIVER/TRANSMITTER SCHEMETYPE: PERMISSIVE OVERREACH 




(POR) 




COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 




CURRENT_TESTDATE: 4/2/2014 
Global Defines: 




Routine Notes: 




Relay Settings Used for Testing: 
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Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 




 




 




 




Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  




 OK? 




Relay Test Results for: TESTING_PROGRAM_SELECTION  




 OK? 




Relay Test Results for: ASSET_MANAGEMENT  




 OK? 




Relay Test Results for: *** SELECT COMMUNCIATON MEDIUM *** 




 
SELECT COMMUNICATION V4.0 01/10/2013 




SELECT COMMUNICATION MEDIUM 




 




( ) CARRIER 
( ) TELECOMM 
(O) DIGITAL 




Relay Test Results for: FUNCTIONALITY TESTS 




 
FUNCTIONALITY TESTS V4.0 01/10/2013 




---------------------FUNCTIONALITY TESTS-------------------------------- 




A.  FUNCTIONALITY TESTS SHALL BE PERFORMED BY ONE OF THE THREE METHODS 




I. SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING. 
-TESTING THE COMPLETE PROTECTION SUBSYSTEM AT DIFFERENT LOCATIONS 
USING TIME SYNCHRONIZATIONS.  INCLUDES RELAYS AND COMMUNICATION 
DEVICES. 




II.  NON-SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING 
-MANUALLY INITIATE REMOTE COMMUNICATION INTERFACE TO VERIFY LOCAL 
PROTECTION SYSTEM. 




III. SINGLE END TESTING 
-UTILIZES THE LOCAL RELAY AND LOOPED BACK COMMUNICATION EQUIPMENT TO 
VERIFY LOCAL SCHEME FUNCTIONALLY. 




WHAT TEST METHOD WILL YOU BE USING? 




END TO END(O) END TO END( ) SINGLE END( ) 
SYNC NO SYNC NO SYNC 




 




IS THIS MORE THAN A TWO TERMINAL LINE? [ ] (CLICK IF YES) 















Print Date: 14-Jan-2015 Page 3 of 3 




Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 




 




 




Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 
 




 
 




OPERATION OF ALARMS/INPUTS/OUTPUTS V4.0 01/10/2013 
 




-----VERIFY PROPER FUNCTIONALITY OF SCHEMES----- 
 




 
FUNCTION TEST ALARMS TO CONTROL CENTER 




 




[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 




 




 




 
VERIFING COMMUNICATION SYSTEM INTO CONTROL SCHEME(S) 




 




[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 




 




 




 
DID THESE CHECKS MEET EXPECTATIONS? 




 




[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
Relay Test Results for: TEST EQUIPMENT USED 




 




TEST EQUIPMENT USED V4.0 




DOES NOT APPLY FOR DIGITAL COMMUNICATION CIRCUITS. 




Relay Test Results for: DIGITAL-TEST PLAN 




 
 




DIGITAL TEST PLAN V1.0 12/18/2012 
 




-----------------DIGITAL TEST PLAN-------------------------- 
 




I. VERIFY CHANNEL PERFORMANCE AND QUALITY, AND VERIFY CHANNEL MEETS PERFORMANCE 
CRITERIA, REFER TO SOURCES SUCH AS WESTINGHOUSE 'APPLIED PROTECTIVE RELAYING', 
CHAPTER 15 OR SIMILAR, EQUIPMENT MANUFACTURE RECOMMENDATIONS, OR INTERNAL 
ENGINEERING SPECIFICATIONS. 




 




VALIDATION OF ANY DATA ERRORS OR PACKET LOSSES IF POSSIBLE? 
 




 
YES [x] NO [ ]  **NOTE: A NO REQUIRES COMMENT ENTRY. 




Relay Test Results for: TEST COMPLETION RESULTS 




 
 




TCF V3.9 02/04/2014 
 




### STATUS OF TEST RESULTS ### 
 




WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS COMM? 
[x] PASS 
[ ] FAIL 




 




IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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Title: PROTECTION SYSTEM TESTING PROCEDURE               
Former ED or Memo #: Memo112 
 
PREPARED BY: ________________       
DATE: _____________  Max Circuit # or Asset # _______________      
 
 




 
 
           
Component Type - Voltage and Current Sensing Devices according to (NERC 
PRC-005-2) Table 1-3 




 n.  Reference station AC drawings and measure the secondary current and voltage 
magnitudes at the inputs of the relays.  Measured current values are verified via 
comparison to other CT’s on that breaker, transformer, or other transmission line 
source; and if possible measured voltages are compared to other voltages within 
the substation, or simply determine if voltage levels are appropriate.  
Record meter command for a non-microprocessor relays on Voltage and Current 
Sensing Devices Data Entry Sheet (ED 787). 
 




Note: High impedance differential relays (i.e. PVD, SBD, SEL-587Z) with parallel CT connections: 
• Measure voltage induced on operating circuit quantities should appear equal to or close 




to 0, and verify all CT’s are carrying load. 
or 




• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Current differential relays with parallel CT connections: 




• Measure operating circuit quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load. 
or 




• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
OR 




 p.  If the CT or VT is de-energized, verify the cable is good from the relay to the CT/VT, 
verify the current and voltage inputs of the relay work properly, and verify CT/VT turns 
ratio is acceptable.  (i.e. Large capacitors that are prevented from being in service due to 
system conditions) 




Although not required by PRC-005-2, an entity should develop their own guidelines for a tolerance 
between measured currents.   A tolerance of +/- 10% difference between measured currents and voltages 
should be acceptable. 
For polarizing, residual or neutral currents, 3IO and 3VO quantities appear equal to or close to 0. 




Version #: 14           Revised Date: 3/5/14                                               
Next Review Date: 3/5/15            Approved Date: 3/5/14 
OCS Document #: PDOC267865            Page 1 of 1 
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Items highlighted in yellow are required 




maintenance activity verifications/ 




inspections per PRC-005-2 




Printed: 1/14/2015 14:49:07 Reads History 
Collected Reads Data by Inspection Form and Equipment 
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Location: 




Equip #: 




Equip Position: 




EXAMPLE 




BA-Example-1 




EXAMPLE 125 V SUBST 




Equip Type: 




Manufacturer: 




Model: 




Battery 




ALCAD 




SD11 




Serial #: Mfg Date: 4/1/2000 00:00 
 




 
Charger Amps: 




DC Supply Voltage: 




Battery Electrolyte Level OK: 




No Unintentional Grounds: 




Battery Condition: 




Ground Test Negative: 




Ground Test Positive: 




Fuses in Good Condition: 




Breakers Reset: 




Battery Placard Posted: 




2.50 amps 




135.00 volts 




Y 




Y 




OK 




OK 




OK 




OK 




OK 




Y 




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




 




Rev 3.4.04 CASCADE: Digital Inspections, a KEMA Company. 




Inspection Form 




EXAMPLE Substation Inspection 




Inspection Start Date Inspection End Date Inspection Type 




12/1/2014 12:30 12/1/2014 14:00 Patrol 




Reading Type 




BatteryInspection 
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Location: Techs: Test Date:(yyyy-mm-dd)




Manf: Date Installed: Capacity Test X New Install X Other
No. of Cells: Capacity: AH@ 8 hrs
Type: Disch. Curr. @ 25C: Battery  : Cell  :




Avg. Cell Temp.: deg C Float Current:
K factor : Test start time: Initial: milliamps  Date:
Corr. Disch. Curr: Test stop time: Recharge: milliamps  Date:
Planned Test Duration: mins. Actual Discharge time: mins. Calculated Capacity:




Battery Discharge/Capacity Test Report
ANYWHERE SUBSTATION R2D2 2/1/2011




Battery Data Reason for Report
C&D 12/5/2010




59 200 End Of Discharge Low Voltage Limits
PbCa 25 103.3 1.750




15
1.11 10:00




(hh:mm)
17.0 2/1/2011




22.523 18:25 3/31/201122.0




480 505 105%
Time Initial 1st HR 2nd HR 3rd HR 4th HR 5th HR 6th HR 7th HR 8th HR 18:25 10th HR End of Rechgd
Batt V 131.0 117.7 117.2 116.3 115.5 114.5 113.3 111.8 130.4
Cell VPC VPC




109.9 108.7 Test SG
Measured Cell  Voltages




1 2.213 2.001 1.994 1.979 1.969 1.950 1.932 1.909 1.884 1.871 1.117 2.216
2 2.221 1.998 1.990 1.976 1.965 1.944 1.924 1.898 1.871 1.855 1.110 2.217
3 2.216 2.000 1.992 1.979 1.968 1.948 1.929 1.907 1.883 1.870 1.110 2.216
4 2.197 2.001 1.991 1.976 1.965 1.944 1.923 1.897 1.869 1.855 1.111 2.206
5 2.192 2.002 1.993 1.978 1.967 1.946 1.926 1.901 1.876 1.861 1.114 2.209
6 2.193 2.002 1.994 1.979 1.967 1.948 1.930 1.906 1.880 1.869 1.112 2.207
7 2.194 1.989 1.981 1.967 1.955 1.934 1.914 1.887 1.858 1.840 1.102 2.206
8 2.202 1.989 1.979 1.964 1.952 1.930 1.910 1.881 1.847 1.826 1.094 2.220
9 2.201 1.988 1.985 1.966 1.954 1.933 1.912 1.885 1.856 1.838 1.100 2.216
10 2.214 1.995 1.987 1.974 1.963 1.942 1.923 1.898 1.872 1.854 1.107 2.216
11 2.220 2.000 1.991 1.976 1.964 1.943 1.923 1.897 1.869 1.852 1.113 2.220
12 2.211 1.995 1.987 1.973 1.962 1.940 1.920 1.895 1.866 1.864 1.110 2.214
13 2.212 1.998 1.991 1.976 1.964 1.945 1.927 1.902 1.878 1.858 1.106 2.217
14 2.226 2.000 1.991 1.977 1.965 1.944 1.926 1.900 1.874 1.858 1.114 2.224
15 2.206 1.996 1.988 1.973 1.963 1.943 1.924 1.899 1.872 1.879 1.111 2.211
16 2.214 2.003 1.995 1.982 1.972 1.952 1.935 1.912 1.889 1.870 1.111 2.215
17 2.211 2.002 1.993 1.980 1.970 1.949 1.931 1.906 1.883 1.871 1.104 2.217
18 2.197 1.997 1.989 1.975 1.964 1.945 1.927 1.903 1.877 1.865 1.104 2.220
19 2.220 1.994 1.985 1.970 1.959 1.937 1.918 1.889 1.858 1.840 1.104 2.217
20 2.231 1.998 1.989 1.974 1.962 1.941 1.921 1.893 1.864 1.845 1.108 2.220
21 2.223 1.996 1.987 1.973 1.962 1.941 1.922 1.894 1.866 1.850 1.107 2.220
22 2.223 2.000 1.991 1.978 1.967 1.946 1.928 1.903 1.879 1.865 1.114 2.219
23 2.224 1.997 1.987 1.973 1.961 1.940 1.920 1.892 1.861 1.842 1.099 2.224
24 2.219 1.997 1.989 1.975 1.964 1.943 1.924 1.898 1.871 1.858 1.095 2.218
25 2.197 1.989 1.981 1.966 1.954 1.933 1.913 1.886 1.853 1.835 1.104 2.212
26 2.205 1.989 1.979 1.964 1.951 1.930 1.909 1.880 1.843 1.820 1.105 2.220
27 2.207 1.990 1.981 1.967 1.955 1.934 1.914 1.888 1.857 1.843 1.106 2.215
28 2.199 1.991 1.981 1.967 1.956 1.934 1.914 1.887 1.852 1.835 1.114 2.208
29 2.186 1.996 1.986 1.972 1.961 1.939 1.920 1.893 1.865 1.849 1.106 2.208
30 2.216 1.988 1.987 1.969 1.952 1.931 1.913 1.887 1.859 1.846 1.100 2.229
31 2.232 1.995 1.987 1.974 1.962 1.941 1.922 1.895 1.866 1.850 1.100 2.217
32 2.242 1.990 1.981 1.967 1.955 1.931 1.911 1.880 1.841 1.819 1.110 2.221
33 2.228 1.991 1.981 1.968 1.955 1.934 1.914 1.885 1.848 1.827 1.105 2.215
34 2.235 1.996 1.987 1.973 1.962 1.940 1.921 1.893 1.861 1.846 1.109 2.220
35 2.244 1.996 1.986 1.972 1.960 1.937 1.918 1.890 1.855 1.838 1.117 2.225
36 2.237 1.997 1.989 1.976 1.964 1.944 1.925 1.900 1.873 1.858 1.113 2.223
37 2.230 1.995 1.985 1.972 1.961 1.940 1.923 1.897 1.869 1.857 1.117 2.213
38 2.232 1.998 1.988 1.973 1.962 1.939 1.920 1.893 1.861 1.845 1.111 2.217
39 2.232 1.995 1.984 1.971 1.958 1.937 1.917 1.889 1.857 1.840 1.111 2.214
40 2.229 1.991 1.982 1.969 1.957 1.936 1.915 1.888 1.855 1.837 1.113 2.215
41 2.240 1.991 1.981 1.966 1.954 1.931 1.911 1.881 1.842 1.820 1.110 2.223
42 2.232 1.992 1.983 1.969 1.956 1.935 1.916 1.888 1.853 1.837 1.110 2.216
43 2.227 1.991 1.982 1.969 1.955 1.934 1.915 1.886 1.851 1.836 1.106 2.218
44 2.238 1.991 1.980 1.967 1.954 1.933 1.913 1.884 1.847 1.827 1.107 2.218
45 2.235 1.992 1.983 1.969 1.958 1.936 1.917 1.889 1.858 1.841 1.108 2.218
46 2.244 1.991 1.981 1.968 1.955 1.935 1.915 1.886 1.851 1.835 1.100 2.223
47 2.242 1.993 1.983 1.969 1.957 1.934 1.912 1.883 1.847 1.828 1.095 2.224
48 2.235 1.990 1.981 1.967 1.954 1.933 1.913 1.883 1.847 1.829 1.095 2.216
49 2.234 1.983 1.973 1.959 1.947 1.924 1.905 1.873 1.830 1.806 1.105 2.220
50 2.214 1.981 1.970 1.954 1.942 1.917 1.894 1.858 1.783 1.653 1.105 2.216
51 2.212 1.982 1.971 1.956 1.943 1.920 1.898 1.867 1.815 1.779 1.109 2.209
52 2.231 1.989 1.980 1.967 1.954 1.933 1.913 1.888 1.855 1.840 1.100 2.228
53 2.230 1.992 1.981 1.967 1.956 1.933 1.913 1.886 1.852 1.835 1.103 2.229
54 2.230 1.991 1.981 1.968 1.955 1.934 1.916 1.889 1.857 1.848 1.107 2.225
55 2.220 1.991 1.981 1.968 1.957 1.935 1.916 1.890 1.837 1.816 1.108 2.219
56 2.218 1.989 1.978 1.964 1.951 1.928 1.907 1.877 1.837 1.828 1.105 2.215
57 2.234 1.988 1.977 1.964 1.952 1.929 1.910 1.882 1.847 1.859 1.107 2.223
58 2.221 1.993 1.983 1.971 1.959 1.940 1.922 1.899 1.872 1.863 1.108 2.211
59 2.227 1.993 1.985 1.972 1.962 1.941 1.924 1.901 1.875 1.867 1.110 2.218
60
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 LOW !




Site Notes:




Comments:




108.65 130.83




Time Initial 1st HR




Error 0.01 V 0.07 V 0.10 V 0.03 V -0.07 V
Min. 2.186 1.981 1.970 1.954 1.942 1.653




Cell Voltage Analysis Continued From Page 1




Avg. 2.220 1.994 1.985 1.971 1.959 1.938 1.918 1.891 1.859 1.841 1.107 2.217
Totals: 131.00 117.63




2nd HR 3rd HR 4th HR




1.094 2.206
-0.43 V




5th HR 6th HR 7th HR 8th HR




1.858 1.7831.917 1.894
0.19 V 0.13 V




18:25 10th HR EOT SG Rechgd




0.23 V 0.23 V 0.05 V
117.10 116.27 115.57 114.31 113.17 111.57 109.67











				new example
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DC Control Circuit Testing 




Circuit Power Circuit 
Breaker Id Device Tested Device Operated 




(Trip Coil, Lockout, Aux Relay) Dwg # Abnormal Operations Precautions Test Notes Pass / Fail Test Personnel Date 
115KV Line 1012 Local Breaker Pushbutton PCB 1012 Trip Coil 52T 66-123    Pass  4/15/2013 
115KV Line 1012 52CS PCB 1012 Trip Coil 52T 66-123    Pass  4/15/2013 
115KV Line 1012 21A- (OUT102) PCB 1012 Trip Coil 52T 66-123   Relay Terminals 4RDM A03-A04 Pass  4/15/2013 
115KV Line 1012 21B- (OUT102) PCB 1012 Trip Coil 52T 66-123   Relay Terminals 4RDL A03-A04 Pass  4/15/2013 
115KV Line 1012 81X PCB 1012 Trip Coil 52T 66-123   Relay Terminals 5EY 1-7 Pass  4/15/2013 
115KV Line 1012 86MT PCB 1012 Trip Coil 52T 66-123   Lockout Terminals 5EV 5-5C Pass  4/15/2013 
115KV Line 1012 POTT Receive 21A (IN102) & 21B (IN102) 66-123  Open all Trips 21A & 21B Terminals 4Q 8-9 Pass  4/15/2013 
115KV Line 1012 21A- (OUT101) Transmit Key 66-123  Turn KLS Switch to Test & Monitor DC Volts Across term 6 on KLS & 4Q7 Relay Terminals 4RDM A01-A02 Pass  4/15/2013 
115KV Line 1012 21B- (OUT101) Transmit Key 66-123  Turn KLS Switch to Test & Monitor DC Volts Across term 6 on KLS & 4Q7 Relay Terminals 4RDL A01-A02 Pass  4/15/2013 
115KV Line 1012 52A/1012 Contact 21A- (IN101) 66-123    Pass  4/15/2013 
115KV Line 1012 52A/1012 Contact 21B- (IN101) 66-123    Pass  4/15/2013 




           115KV Line 1022 Local Breaker Pushbutton 1 PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 Emergency Trip 69/1 PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 52CS PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 21A- (OUT101) PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 4RDK A01-A02 Pass  4/15/2013 
115KV Line 1022 21B- (OUT101) PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 4RDJ A01-A02 Pass  4/15/2013 
115KV Line 1022 81X PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 5EY 2-8 Pass  4/15/2013 
115KV Line 1022 86MT PCB 1012 Trip Coil 52T1 66-126   Lockout Terminals 5EV 4-4C Pass  4/15/2013 
115KV Line 1022 52A/1022 Contact 21A- (IN101) 66-126    Pass  4/15/2013 
115KV Line 1022 52A/1022 Contact 21B- (IN101) 66-126    Pass  4/15/2013 




           13.8KV Generator Bkr 972 Local Bkr Pushbutton PCB 972 Trip Coil 52TC 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 52CS PCB 972 Trip Coil 52TC 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 86G PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 5EW 1-1C Pass  5/6/2013 
13.8KV Generator Bkr 972 86MT PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 5EV 1-1C Pass  5/6/2013 
13.8KV Generator Bkr 972 41 Aux. Sw. PCB 972 Trip Coil 52TC 66-132   Open Field Breaker Pass  5/6/2013 
13.8KV Generator Bkr 972 41 Pos. Sw. PCB 972 Trip Coil 52TC 66-132   Open Field Breaker Pass  5/6/2013 
13.8KV Generator Bkr 972 86CF-972 PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 6AN 12-18 Pass  5/6/2013 
13.8KV Generator Bkr 972 52B/972 Contact SEL-251 (IN3) 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 52B/972 Contact SEL-300G (IN101) 66-132    Pass  5/6/2013 




           86CF/972 Lockout  62CFX/972 62CF/972 66-132  Open all 86CF Test Switches (6AU), Jumper 52B (TB13-TB14) in PCB 972 Close PCB 972 w/52CS Pass  5/6/2013 
86CF/972 Lockout  62CF/972 86CF/972 66-51  Open all 86CF Test Switches (6AU), Jumper 52B (TB13-TB14) in PCB 972 Close PCB 972 w/52CS Pass  5/6/2013 




           PCB 972 Breaker Failure  86G SEL-251 (IN5) 66-51  Open all Trips from SEL-251 Lockout Terminals 5EW 5-5C Pass  5/8/2013 
PCB 972 Breaker Failure  SEL-300G (OUT101) SEL-251 (IN5) 66-51  Open all Trips from SEL-251 Relay Terminals 5RFB A01-A02 Pass  5/8/2013 




           Generator  46 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EB 1-10 Pass  5/8/2013 
Generator  64 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EJ 1-2 Pass  5/8/2013 
Generator  87G Phase A 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EP 1-2 Pass  5/8/2013 
Generator  87G Phase B 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EN 1-2 Pass  5/8/2013 
Generator  87G Phase C 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EM 1-2 Pass  5/8/2013 
Generator  58 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EH 1-2 Pass  5/8/2013 
Generator  Stop Valve Contact 86G 66-112  Open all 86G Test Switches (5FK), PCB 972 Must be Closed Terminals 5V 1-4 Pass  5/8/2013 
Generator  SEL-300G (OUT201) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B01-B02 Pass  5/8/2013 
Generator  SEL-300G (OUT202) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B03-B04 Pass  5/8/2013 
Generator  SEL-300G (OUT203) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B05-B06 Pass  5/8/2013 
Generator  SEL-300G (OUT204) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B07-B08 Pass  5/8/2013 
Generator  SEL-300G (OUT205) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B09-B10 Pass  5/8/2013 
Generator  SEL-300G (OUT207) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B13-B14 Pass  5/8/2013 
Generator  SEL-300G (OUT206) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B11-B12 Pass  5/8/2013 
Generator  32 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 6BL 1-10 Pass  5/8/2013 
Generator  SEL-251 (Trip 1) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 6RBA 1-2 Pass  5/8/2013 




           Frequency Relaying  81UF 81X 66-115 Latches until 52A opens Pull 1012 & 1022 Trip DC Knife Switches in Breakers, Jumper 5AA 1-2 Relay Terminals 5RFG 1-10 Pass  5/8/2013 
Frequency Relaying  81OF 81X 66-115 Latches until 52A opens Pull 1012 & 1022 Trip DC Knife Switches in Breakers, Jumper 5AA 1-2 Relay Terminals 4REB 1-10 Pass  5/8/2013 




           Main & Aux XFMRs  87MT T-PRO (OUT1) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RED 202-203 Pass  5/8/2013 
Main & Aux XFMRs  87MT/CO Switch 87MT T-PRO (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  87AT SEL-587 (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RET 205-206 Pass  5/8/2013 
Main & Aux XFMRs  87AT SEL-587 (OUT1) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RET 203-204 Pass  5/8/2013 
Main & Aux XFMRs  87AT/CO Switch 87AT SEL-587 (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  63SPR / Main XFMR 86MT 66-114  Open all 86MT Test Switches (5FL) Main XFMR Terminals SD3-SD4 Pass  5/8/2013 
Main & Aux XFMRs  49/ Main XFMR 86MT 66-114  Open all 86MT Test Switches (5FL) Main XFMR Terminals SF5-SF6 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase A 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CD 1-2 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase B 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CB 1-2 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase C 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CA 1-2 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase A 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 1-10 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase B 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 11-18 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase C 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 11-19 Pass  5/8/2013 
Main & Aux XFMRs  SEL-251 (A3) 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6RBA 11-12 Pass  5/8/2013 
Main & Aux XFMRs  87MT T-PRO (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RED 204-205 Pass  5/8/2013 
Main & Aux XFMRs  87B1 B-PRO (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RED 204-205 Pass  5/8/2013 
Main & Aux XFMRs  51N/BU 115/13.8 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4DZ 1-2 Pass  5/8/2013 
Main & Aux XFMRs  87B1/CO Switch 87B1 B-PRO (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  21A- (OUT104) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RDM A07-A08 Pass  5/8/2013 
Main & Aux XFMRs  21B- (OUT104) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RDL A07-A08 Pass  5/8/2013 















 
Mam & Aux XFMRs  21A- !OUT1031 86MT 66-114  Onen all 86MT Test Switches!5FL1 Relm Terminals 4RDK A05-A06 Pass  5/8/2013 
Mam & Aux XFMRs  21B- !OUT1031 86MT 66-114  Onen all 86MT Test Switches!5FL1 Relav Terminals 4RDJ A05-A06 Pass   5/8/2013 
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RTS Relay Test Results 
 




 
 




 




Lib Routine: DC-SLZLIN.FST_LIB AF/AL: AL Pass/Fail: 




Lib Version: Test Date: 04/02/2014 




PASS 




Relay Data: 




SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: PASSED 
SCAN_ERROR_INFO: OPERATING_COMPANY:  
SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 
SUBSTATION 
SYS_PROTECTION_ID: BES LZOP_NAME: ERO 161KV 
OPERATING_STATUS: INSERVICE NAME: DC ERO 161KV 
TYPE: DC-SLZLIN DATETESTED: 2/5/2014 
TESTED_BY: W12345 TESTED_BY2: 
TESTED_BY3: TESTED_BY4: 
COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 
CURRENT_TESTDATE: 4/2/2014 
Global Defines: 




Routine Notes: 




Relay Settings Used for Testing: 




Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  




 OK? 




Relay Test Results for: TESTING_PROGRAM_SELECTION  




 OK? 




Relay Test Results for: ASSET_MANAGEMENT  




 OK? 
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Relay Results (continued) for: DC-SLZLIN.FSTPB0758804022014AL 
  




 




Relay Test Results for: TRIP PATH VERIFICATION FORM 




 




 




TPV V2.3 02/04/2014 
 




### TRIP PATH VERIFICATION FORM ### 
--------------------------------------------------------------------- 




 
1. TRIP COIL(S) OR TRIP PATHES VERIFIED: 




[x] YES[ ] NO[ ] N/A 
 




2. CIRCUITS FROM PROTECTIVE RELAYS TO LOCKOUT: 
[x] YES[ ] NO[ ] N/A 




 
3. CIRCUITS FROM PROTECTIVE RELAYS TO AUXILIARY RELAYS: 




[x] YES[ ] NO[ ] N/A 
 




4. LOCKOUT TO TRIP COILS: 
[x] YES[ ] NO[ ] N/A 




 
5. AUXILIARY RELAYS TO TRIP COIL(S): 




[x] YES[ ] NO[ ] N/A 
 




6. LOGIC CIRCUITS BETWEEN PROTECTIVE RELAYS: 
[x] YES[ ] NO[ ] N/A 




 
7. TRIP CIRCUITS FROM SUDDEN PRESSURE DEVICE TO LOCKOUT: 




[ ] YES[ ] NO[x] N/A 
 




8. VERIFICATION OF PROPER OPERATION OF ANNUNCIATOR AND SCADA POINTS: 
[x] YES[ ] NO[ ] N/A 
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Relay Results (continued) for: DC-SLZLIN.FSTPB0758804022014AL 
  




 




 




 




Relay Test Results for: TEST COMPLETION RESULTS 




 
 




TCF V3.9 02/04/2014 
 




### STATUS OF TEST RESULTS ### 
 




WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS DC CIRCUIT? 
[x] PASS 
[ ] FAIL 




 




IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
 




 
TCF V3.9 02/04/2014 




 




### TEST COMPLETION RESULTS ### 
----------------------------------------------------------------- 




TESTING TECHNICIAN: W12345 DEVICE TYPE: DC CIRCUIT 
DATE TESTED: 2/5/2014 TESTING PROGRAM:  PM -ROUTINE MAINTENANCE 




MM/DD/YYYY PASS/FAIL: PASS 
----------------------------------------------------------------- 




 




1. CONDITION AS FOUND STATUS: CONDITION AS LEFT STATUS: 
[x] OK[ ] NOT OK [x] OK [ ] NOT OK 




 
2. ENTER ADDITIONAL TESTING TECHNICIAN'S IDS (IF ANY): 




TECHNICIAN 2 
TECHNICIAN 3 
TECHNICIAN 4 




 




3. TESTED ALL LOCKOUT RELAYS?  :[x] YES [ ] NO 
 




4. TESTED ALL TRIPPING RELAYS? :[x] YES [ ] NO 
 




5. CORRECT TARGET OPERATIONS?  :[x] YES [ ] NO 
 




6. RELAYING/AUXILARY DEVICES INSPECTED AND CONTACTS WERE CLEANED? 
[x] YES 
[ ] N/A (REQUIRES COMMENT ENTRY) 




 




 




 
7. SELECT THE TYPE OF WORK PERFORMED (SELECT ALL THAT APPLY): 




[ ] REPLACED BAD COMPONENT [ ] REPAIRED 
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The function of this memo is to provide clarity and understanding in the testing of UFLS 
systems. This includes protective relays, AC voltage sensing devices, Batteries, and DC control 
circuitry from the station DC supply through the trip coil(s) of the circuit breakers or other 
interrupting devices. 
 
AC Current sensing devices, communication equipment, and lockouts are not components of 
the UFLS system and therefore their testing is not applicable for the UFLS maintenance 
program.  




 
Preliminary 
 




 1. Review station one line & schedule needed switching/outages with System 
Operations.  




 
 2.   Obtain equipment settings for involved equipment. 




 
Field 
 




 3. Check MAXIMO equipment numbers for accuracy and work with Transmission 
Assets staff to resolve inaccuracies or missing information. (Relays, com-equipment, 




sensing & associated devices) 




NERC PRC-005-2 Required Activities (Table 3) 
 
Protective Relay 




 a. Check that settings are correct on relays and match settings in office 
.   
 Non-Microprocessor Relay (Steps b and c) 




b. Electrically test relays at apparatus change order (ACO) settings using XXX 
Program, test set, or manufacturer’s instruction literature.  Document results 
below for the appropriate frequency or attach test report. 




 
Frequency Pickup  Range  (Hz)  Measured Trip frequency (Hz)  




 
 c.  Check box if calibration was necessary.  




 
 




Maximo Circuit #      Date     




Maximo WO #      Tested by/Initial:   




Maximo Equip.#      Name:     




        




Step 1-59.3 Hz  59.25 to 59.35 Pass/Fail 
  




Measured Trip Time (cycles) 
Step 2-59.0 Hz  58.95 to 59.05 
Step 3-58.7 Hz  58.65 to 58.75 




Frequency Time  10 cy to 14.5 cy     Pass/Fail 
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Microprocessor Relay (Steps d and e) 
 d. Verify operation of the relay inputs and outputs that are essential to proper 




functioning of the Protection System. 
 e. Use XXX meter test or test set to verify acceptable measurement of power 




system voltage/frequency values. (AD convertor is working properly for voltage 
inputs.) 




 
Voltage Sensing device 
       f.  Verify that voltage signal values are provided to the protective relays inputs. 
Expected PT Voltage:            Measured PT Voltage:    




 
Protection System dc supply 
      g.  Verify Protection System dc supply voltage at the trip output of the relay. 
Expected Voltage DC:                       Measured Voltage DC:    
 
Control Circuitry 




 h.  Verify relay output trips LOR and/or tripping auxiliary devices associated with 
UFLS. 




 i.  If the breaker/interrupting device is 115 kV or greater, verify the relay output trips 
the breaker/interrupting device. 




 
Alarm Paths and Monitoring (PRC-005-2 Table 2) 




j.  Verify that the alarm path conveys alarm signals to a location where corrective 
action can be initiated. 




 Relay Alarm to Sys. Operations verified  
 
k. Process results using MAXIMO – electronic file – paper as per work plan.  Send 




testing results to XXX (XXX@____) at XXX. 
 
Documentation: 
Include relay test report or meter command if applicable. 
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Relay 81/700 Pass 




Test Details 




 Summary 




Description Last Test Overall Status




Relay 81/700 2010-Apr-22 11:42 Pass




Description 




Last tested 2010-Apr-22 11:42 Next test due 2016-Apr-22 11:38 




 Test Plan Summary 




Description Last Test Overall Status




Test Plan SFR59 2010-Apr-22 11:42 Pass




 Relay Nameplate 




Name 




Manufacturer 




Model 




Description 




Function 




Circuit 




Firm. Version 




81/700 




X 




Frequency 




Serial Number 




Special ID 




Station Name 




Location 




Company 




Division 




Asset Tag 




7062511 




700 Bus 




700 Bus 




Firmware Date 1/1/0001 12:00:00 AM Reg. Category Calibration 




 Instruments Used 




N/a 1/1/0001 12:00:00 AM 




Description This plan was last modified on: 2009-Nov-06 08:52 




Last run 2010-Apr-22 11:42 




Description Document Step - Settings 




Last run by - 




Instrument SN 




Calibrated on Firmware 




Serial Number Calibration Date 




Plan SFR59 Pass 




Test Setup 
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Description Linear Ramp, Frequency - 59.3.0 Hz 




Last run 4/22/2010 11:38:08 AM by XXX 




Instrument SN N/a 




Calibrated on 1/1/0001 12:00:00 AM Firmware 




Notice: No test condition history available for selected test run results 




 




 




 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 




0.0 ms 0.0 ms 




 
 
 
 
 
 




 




 Sense Settings   
 




Name Channel Id Label Connection Delay Duration Condition Type 




S1 LN1 MA FT- ground 0.0 ms 0.0 ms Potential, 1.5V 
Threshold 




0 -> 1 




 
 




Test History Test run on: 4/22/2010 11:38:08 AM by XXX  




Results  
Label / Value Tested Expected + - Actual   Result 




Ramp 2010-Apr-22 11:38:08 59.300 Hz 0.10 Hz 0.10 Hz 59.288 Hz -0.012 Hz Pass 




Test U/F Pickup Pass 




 Prefault   




Src Ampl Phs Freq 




Action 




Src High 




 




 
Low 




 




 
Ampl 




 




 
Phs 




 




 
Freq 




Reset 




Src 




 




 
Ampl 




 




 
Phs 




 




 
Freq 




 VA 




Condition 
 115.000 




Value 




0.000 ACTION 




Units 
 




Offset Value 60.000 Hz 




Offset Duration 1000.0 ms 




Delta Value -0.020 Hz/s 




Limit Value 50.000 Hz 
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Description Linear Ramp, Frequency - 60.0 Hz 




Last run 4/22/2010 11:41:08 AM by XXX 




Instrument SN N/a 




Calibrated on 1/1/0001 12:00:00 AM Firmware 




Notice: No test condition history available for selected test run results 




 




 




 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 




0.0 ms 0.0 ms 




 
 
 
 
 
 




 




 Sense Settings   
 




Name Channel Id Label Connection Delay Duration Condition Type 




S1 LN1 MA FT- ground 0.0 ms 0.0 ms Potential, 1.5V 
Threshold 




1 -> 0 




 
 




Test History Test run on: 4/22/2010 11:41:08 AM by XXX  




Results  
Label / Value Tested Expected + - Actual   Result 




Ramp 2010-Apr-22 11:41:08 59.900 Hz 0.10 Hz 0.10 Hz 59.898 Hz -0.002 Hz Pass 




Test U/F Reset Pass 




 Prefault   




Src Ampl Phs Freq 




Action 




Src High 




 




 
Low 




 




 
Ampl 




 




 
Phs 




 




 
Freq 




Reset 




Src 




 




 
Ampl 




 




 
Phs 




 




 
Freq 




 VA 




Condition 
 115.000 




Value 




0.000 ACTION 




Units 
 




Offset Value 59.000 Hz 




Offset Duration 2000.0 ms 




Delta Value 0.020 Hz/s 




Limit Value 60.000 Hz 
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Description Operating Time, Frequency - 6.0 Cycles 




Last run 4/22/2010 11:42:46 AM by XXX 




Instrument SN N/a 




Calibrated on 1/1/0001 12:00:00 AM Firmware 




Notice: No test condition history available for selected test run results 




 




 




 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 




0.0 ms 0.0 ms 




 
 
 
 
 
 




 




 Sense Settings   
 




Name Channel Id Label Connection Delay Duration Condition Type 




S1 LN1 MA  0.0 ms 0.0 ms Potential, 1.5V 
Threshold 




0 -> 1 




 
 




Test History Test run on: 4/22/2010 11:42:46 AM by XXX  




Results  
Label / Value Tested Expected + - Actual   Result 




Single Point Test 2010-Apr-22 11:42:46 106.7 ms 5.00 % 5.00 % 106.1 ms -0.531 % Pass 




 




Test U/F Timing Pass 




 Prefault   




Src Ampl Phs Freq 




Action 




Src High 




 




 
Low 




 




 
Ampl 




 




 
Phs 




 




 
Freq 




Reset 




Src 




 




 
Ampl 




 




 
Phs 




 




 
Freq 




 VA 




Condition 
 115.000 




Value 




0.000 ACTION 




Units 
 




Offset Value 60.000 Hz 




Offset Duration 1000.0 ms 




Test Value 59.000 Hz 




Max On Time 1000.0 ms 
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Promoting RELIABILITY and Mitigating RISKS to the Bulk Power System
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A major change within the MRO Standards Committee charter is the initiative to develop non-binding advice and training to help stakeholders meet the requirements of existing and new NERC Standards. The Standards Committee expects to participate in the development of new NERC Standards, as well as, provide training on “new standards” that are coming down the pike. 





This is presentation is the Standards Committee’s first attempt at offering non-binding advice and training on Standards PRC-005-1 and PRC-008-0, since these standards appear to be the most highly violated, that will assist stakeholders towards a successful audit of their Protection System Maintenance and Testing Programs. 
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Disclaimer


The Midwest Reliability Organization (MRO) Standards Committee (SC) is committed to providing training and non-binding guidance to industry stakeholders regarding existing and emerging Reliability Standards. Any materials, including presentations, were developed through the Standards Committee by Subject Matter Experts from member organizations within MRO.   





The materials have been reviewed by MRO staff and provide reasonable application guidance for the standard(s) addressed. Ultimately, demonstrating compliance depends on a number of factors including the precise language of the standard, the specific facts and circumstances, and quality of evidence.   





These documents may be reproduced or distributed to any person or entity only in its entirety. 
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Dan Field (SaskPower)
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Description of each version of PRC-005


Distributed Generation Facilities


Definitions


Data Retention


Facilities: Automatic Reclosing included or excluded 


Acceptable Maintenance Activities for Automatic Reclosing


Acceptable Maintenance Activities for Sudden Pressure Relaying


Implementation Plan for PRC-005-6


References


Topics
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			Version			Enforcement Date			Description


			-1			6/18/2007			Entity develop PSMP with activities and intervals for five component types.  Action of protection considered.


			-2			4/1/2015			NERC defines activities and intervals. Includes UVLS, UFLS, and SPS.  Purpose of protection considered.


			-2i			5/29/2015			Aggregate total BES Dispersed power resources > 75 MVA


			-2ii			N/A, superseded by V6 implementation			SPS now RAS *


			-3			N/A, superseded by V6 implementation			Added Automatic Reclosing


			-3i			N/A, superseded by V6 implementation			Aggregate total BES Dispersed power resources > 75 MVA


			-3ii			N/A, superseded by V6 implementation			SPS now RAS *


			-4			N/A, superseded by V6 implementation			Added Sudden Pressure Relaying


			-5			N/A, superseded by V6 implementation			Removal of required maintenance of dispersed generation


			-6			1/1/16			Added Supervisory associated with Automatic reclosing.  Combine implementation of versions -3, -4, -5, and -6.
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Note: Monitor the development of PRC-012-2 to coordinate any additional maintenance requirements which requires that a Remedial Action Scheme (RAS) be functional tested to verify the proper operation of all non-protection components.


PRC-012-2 – Remedial Action Schemes
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PRC-005-6 Automatic Reclosing – Includes the following Components:


Reclosing relay


Supervisory relay(s) or function(s) – relay(s) or function(s) that perform voltage and/or sync check functions that enable or disable operation of the reclosing relay


Voltage sensing devices associated with the supervisory relay(s) or function(s)


Control circuitry associated with the reclosing relay or supervisory relay(s) or function(s)


Definitions Used in this Standard:
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Sudden Pressure Relaying – A system that trips an interrupting device(s) to isolate the equipment it is monitoring and includes the following Components:


Fault pressure relay – a mechanical relay or device that detects rapid changes in gas pressure, oil pressure, or oil flow that are indicative of Faults within liquid filled, wire-wound equipment


Control circuitry associated with a fault pressure relay


Definitions Used in this Standard:
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	An ongoing program by which Protection System, Automatic Reclosing, and Sudden Pressure Components are kept in working order and proper operation of malfunctioning Components is restored. A maintenance program for a specific Component includes one or more of the following activities: 


“Protection System Maintenance Program (PSMP)” Definition
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Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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Verify — Determine that the Component is functioning correctly. 


Monitor — Observe the routine in-service operation of the Component. 


Test — Apply signals to a Component to observe functional performance or output behavior, or to diagnose problems. 


Inspect — Examine for signs of Component failure, reduced performance or degradation.


Calibrate — Adjust the operating threshold or measurement accuracy of a measuring element to meet the intended performance requirement.


 Source: Glossary of Terms used in NERC Reliability Standards. 


“Protection System Maintenance Program (PSMP)” Definition 
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Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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Only the most recent performance records are required where the interval of the maintenance activity is longer than the audit cycle in PRC-005-6.





Note: For Components which have been removed from service, entities shall retain maintenance records for those Components until the new replacement component is maintained which may pre-date the prior audit. The minimum requirement for commissioning records of the replacement Component is the dates of the installation tests.


Data Retention
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4.2.7.2 Automatic Reclosing applied on the terminals of all BES


Elements at substations one bus away from generating plants


specified in Section 4.2.7.1 when the substation is less than 10


circuit-miles from the generating plant substation. 





4.2.7.3 Automatic Reclosing applied as an integral part of an RAS


specified in Section 4.2.4.








     


Automatic Reclosing Included
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Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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Two buses away from generating plant where the total installed gross generating plant capacity is greater than the largest BES generating unit within the Balancing Authority Area regardless of the circuit miles.


10 circuit miles or greater from the generating plant.


Synchronizing relays for breakers without auto reclosing relays.


 


Note: A change from one bus to another bus would be determined by either 1) a change to a bus located on a separate ground grid or 2) transformation to another voltage.


Automatic Reclosing Excluded
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Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment owner can demonstrate that a close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-close-trip time delay) still meets the critical clearing time for the generation.  





If both the trip-close-trip time delay and breaker failure time delay are shorter than critical clearing time, maintenance requirements for Automatic Reclosing can then be excluded.





Automatic Reclosing Excluded


15





‹#›





Standards Committee


 Midwest Reliability Organization





The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.
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Reclosing Relay and Supervisory Relay (Table 4-1)


Verify that settings are as specified


A check box stating the relay settings were verified 


Pass/Fail or Yes/No/NA relays setting verification stated in relay test report


Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79).


Maintenance Activities for Automatic Reclosing (Table 4-1)
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For non-microprocessor relays:


Test and, if necessary calibrate (only activity that requires more than a check box)


Relay test report


Date


Relay identification


Tester ID (not required, but is a good control)


Test results proving the test was performed


Pass/Fail-(not required, but is a good control)


Note: Relay calibration is not required to be documented, but this may be helpful for asset renewal





Maintenance Activities for Automatic Reclosing (Table 4-1)
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For microprocessor relays:


Verify operation of the relay inputs and outputs that are essential to proper functioning of the Automatic Reclosing.


A check box stating the essential relay outputs/inputs were verified


Pass/Fail essential relay outputs/inputs verification stated in relay test report


A check box stating the relay monitoring alarms were verified


Pass/Fail essential relay monitoring alarm verification stated in relay test report


Note: Verify the actual operation of the output contact (i.e. test continuity at test switch or open breaker).  Viewing an event report does not confirm the output actually closed; it only proves the logic to actuate the output picked up.  Inputs can be confirmed via event reports.


Maintenance Activities for Automatic Reclosing (Table 4-1)
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For microprocessor relays:


Verify acceptable measurement of power system input values.


A check box stating during the PT testing, if there is another PT value to be compared to. (i.e. if you compare the energized system metered values within the primary relay to the secondary relay. This would satisfy both your AD convertor testing and PT testing.)


A check box stating voltages measured by an independent meter were accurately measured within the relay.


A check box stating known voltages were injected from a test set and verified to be accurately measured within the relay.


A test report showing known voltages were injected from a test set and verified to be accurately measured within the relay.


Maintenance Activities for Automatic Reclosing (Table 4-3)
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Automatic Reclosing Control Circuitry not integral part of RAS (Table 4-2a)


Microprocessor:


Confirm that the reclosing relay contact is open when that reclosing relay output logic is deactivated.


Note: The supervisory relay will not cause a premature closing command to the close circuitry.


 Electromechanical:


Confirm that reclosing relay contact is open when that reclosing relay is deactivated.


Initiate a reclose and verify that the Automatic Reclosing does not issue a premature closing command to the close circuitry.


Maintenance Activities for Automatic Reclosing (Table 4-1, 4-2a and 2b, and 4-3)
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Automatic Reclosing Control Circuitry for RAS schemes only (Table 4-2b)


 Automatic Reclosing within a RAS (Table 4-2b):


A check box stating the verification of all Control Circuitry.


A check box stating each close coil or actuator is able to operate the circuit breaker or mitigating device.


Maintenance Activities for Automatic Reclosing (Table 4-1, 4-2a and 2b, and 4-3)


22





‹#›





Standards Committee


 Midwest Reliability Organization





The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.





Future Plan:


This definition will have a recirculation ballot due to negative comments received.





22





Automatic Reclosing Voltage Sensing Device (Table 4-3)


Automatic Reclosing Voltage Sensing Device maintenance activities are described in Table 4-3. All maintenance activities and documentation are the same as the protective relays voltage sensing devices.  See Voltage and Current Sensing Devices providing inputs to Protective Relays (Table 1-3) section of the document.


 


Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79).


Maintenance Activities for Automatic Reclosing (Table 4-1, 4-2a and 2b, and 4-3)


23





‹#›





Standards Committee


 Midwest Reliability Organization





The MRO Standards Committee  is an industry stakeholder committee which includes subject matter experts from MRO member organizations in various technical areas.  Any materials, guidance, and views from stakeholder committees are meant to be helpful to industry participants; but should not be considered approved or endorsed by MRO staff or its board of directors unless specified.    





Ballot Results as of 10/12/10:





Quorum: 84.11% 


Approval: 84.52 % 


 


Since at least one negative ballot included a comment, these results are not final. Another ballot (either a successive ballot or a recirculation ballot) must be conducted.





Ballot Criteria 


Approval requires both a (1) quorum, which is established by at least 75% of the members of the ballot pool submitting either an affirmative vote, a negative vote, or an abstention, and (2) a two-thirds majority of the weighted segment votes cast must be affirmative; the number of votes cast is the sum of affirmative and negative votes, excluding abstentions and non-responses. If there are no negative votes with reasons from the first (or successive) ballot, the results of that ballot shall stand. If, however, one or more members submit negative votes with reasons, another ballot shall be conducted. If the team makes significant changes to the definition, then another successive ballot must be conducted. If the team does not make any significant changes to the definition, then a final recirculation ballot is conducted.
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Fault pressure relay:


1) Check box stating verified the pressure or flow sensing mechanism is operable with a go/no go test.


 


Westing house SPR- remove plug to actuate device per Westing house test procedure


Bucholtz relay-push button to actuate the device


Qualitrol Sudden Pressure Relief (SPR) – use Qualitrol test kit (hand pump and pressure gage) to actuate device


Qualitrol Fault Pressure Relief (FPR) – reach in flip switch to actuate device, then manually reset


Qualitrol Rapid Pressure Rise relay (RPR) – use Qualitrol test kit (hand pump and pressure gage) to actuate


ABB Gas Detector Relay (GDR) – use pump to actuate device per ABB test procedure








Maintenance Activities for Sudden Pressure Relaying (Table 5)
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Maintenance Activities for Sudden Pressure Relaying Control Circuitry (Table 5)
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Any test below is acceptable:


A check box stating the verification of any required maintenance activity of Control Circuitry


Highlighted schematics or one-lines


A detailed list of each trip path for a breaker, auxiliary relay, or LOR that is signed and dated
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Maintenance Activities for Sudden Pressure Relaying Control Circuitry (Table 5)
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For lockout testing requires a functional trip.  As an example, a test using a Fault Pressure Relay output and station battery DC to trip the LOR is adequate.





Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES fault pressure that is considered included within PRC-005-6.





Note: Supplementary reference and FAQ Section 15.3
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	The Implementation Plan for PRC-005-6 includes all the Automatic Reclosing components introduced in PRC-005-3 and Sudden Pressure Relaying components introduced in PRC-005-4.  


PRC-005-6 Implementation Plan
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NERC Reliability Standard PRC-005-6 – System Protection Maintenance, Automatic Reclosing and Sudden Pressure Relaying


Supplementary reference and FAQ PRC-005-6 System Protection Maintenance


Bulk Electric System Reference Document


SMET test procedures


References
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Refer to MRO Standards Application Guide(SAG) posted on the


MRO Website 





Send your questions to msq@midwestreliability.org








Website: www.midwestreliability.org 


For Additional Clarification
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Disclaimer 
 
The Midwest Reliability Organization (MRO) Standards Committee (SC) is committed to providing 
training and non-binding guidance to industry stakeholders regarding existing and emerging 
Reliability Standards.  Any materials, including presentations, were developed through the MRO SC 
by Subject Matter Experts (SME) from member organizations within the MRO Region.   
 
In 2014, SMEs in the field of Protection System Maintenance and Testing were brought together to 
prepare a guide for complying with NERC Reliability Standard PRC-005-2 – Protection System 
Maintenance. Participants include representatives from Transmission Operators (TOPs), Generator 
Operators (GOPs) and Distribution Providers (DPs). The SMEs continued their efforts in order to meet 
the subsequent versions through PRC-005-6 Protection System, Automatic Reclosing, and Sudden 
Pressure Relaying Maintenance. 
 


PRC-005-6 Application Guide – Subject Matter Experts Development Team  
 
Joe Livingston, Chair    Matt Westrich, Vice Chair  Merlyn Duffy 
Great River Energy   American Transmission Company Alliant Energy 
 
Gary Markwart    Scott Fransway   Dan Field 
Montana-Dakota Utilities  Xcel Energy    Saskatchewan Power 
 
The SMET would also like to acknowledge the contributions of Harvey Veenstra, American 
Transmission Company. The materials have been reviewed by MRO staff and provide reasonable 
application guidance for the standard addressed. Ultimately, demonstrating compliance depends on a 
number of factors including the precise language of the standard, the specific facts and circumstances, 
and quality of evidence.    
 
These documents may be reproduced or distributed to any person or entity only in its entirety. 
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INTRODUCTION 


The intention of this guidance document is to assist entities to meet the requirements of and 
maintain compliance with NERC Reliability Standard PRC-005-6 – Protection System, Automatic 
Reclosing, and Sudden Pressure Relaying Maintenance. 
 
Stakeholders need to understand what is included and excluded from PRC-005-6 as it relates to 
the Bulk Electric System (BES) definition (effective July 1, 2014). Major changes have been made 
to the previous PRC-005 Standard, this guidance document will aid in further implementation of 
the new standard.  


Description of each version of PRC-005 


 
Version Enforcement Date Description 
-1 6/18/2007 Entity develop PSMP with activities and intervals 


for five component types.  Action of protection 
considered 


-2 4/1/2015 NERC defines activities and intervals. Includes 
UVLS, UFLS, and SPS.  Purpose of protection 
considered 


-2i 5/29/15 Aggregate total BES Dispersed power resources > 
75 MVA 


-2ii N/A superseded by V6 
Implementation 


SPS now RAS * 


-3 N/A superseded by V6 
Implementation 


Added Automatic Reclosing 


-3i N/A superseded by V6 
Implementation 


Aggregate total BES Dispersed power resources > 
75 MVA 


-3ii N/A superseded by V6 
Implementation 


SPS now RAS * 


-4 N/A superseded by V6 
Implementation 


Added Sudden Pressure Relaying 


-5 N/A superseded by V6 
Implementation 


Removal of required maintenance of dispersed 
generation 


-6 1/1/16 Added Supervisory associated with Automatic 
reclosing.  Combine implementation of versions -3, -
4, -5, and -6 


 
* Monitor the development of PRC-012-2 which requires that a RAS be functionally tested to verify the proper 
operation of all non-protection components. 
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The SME Team provides guidance to stakeholders on how to interpret the Standard Requirements 
and implementation of the Protection System Maintenance Program (PSMP). 
 
The SME Team has also prepared a presentation (see Appendix B) and example documentation 
from its utilities to provide a Standards Application Guide (SAG) overview to help guide entities 
on the applicability of BES Facilities to the Standard. 


Facilities 


Section 4.2 of PRC-005-6 defines the Protection Systems that are subject to the required 
maintenance activities and intervals. 
  
4.2. Facilities:  


4.2.1 Protection Systems and Sudden Pressure Relaying that are installed for the purpose of 
detecting Faults on BES Elements (lines, buses, transformers, etc.).  


4.2.2 Protection Systems used for underfrequency load-shedding systems installed per ERO 
underfrequency load-shedding requirements.  


4.2.3 Protection Systems used for undervoltage load-shedding systems installed to prevent system 
voltage collapse or voltage instability for BES reliability.  


4.2.4 Protection Systems installed as a Remedial Action Scheme (RAS) for BES reliability.  


4.2.5 Protection Systems and Sudden Pressure Relaying  for generator Facilities that are part of 
the BES,  except for generators identified through Inclusion I4 of the BES definition,  
including:  


 
4.2.5.1 Protection Systems that act to trip the generator either directly or via lockout or 


auxiliary tripping relays.  


4.2.5.2 Protection Systems for generator step-up transformers for generators that are 
part of the BES.  


4.2.5.3 Protection Systems and Sudden Pressure Relaying for station service or excitation 
transformers connected to the generator bus of generators which are part of the 
BES, that act to trip the generator either directly or via lockout or tripping 
auxiliary relays.  


4.2.5.4 Protection Systems for station service or excitation transformers connected to the 
generator bus of generators which are part of the BES, that act to trip the 
generator either directly or via lockout or tripping auxiliary relays.  


 
4.2.6 Protection Systems and Sudden Pressure Relaying for the following BES generator  


Facilities for dispersed power producing resources identified through Inclusion I4 of the 
BES definition: 


 
4.2.6.1 Protection Systems and Sudden Pressure Relaying for Facilities used in 


aggregating dispersed BES generation from the point where those resources 
aggregate to greater than 75 MVA to a common point of connection at 100kV or 
above. 
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4.2.7 Automatic Reclosing1, including: 
 


4.2.7.1 Automatic Reclosing applied on the terminals of Elements connected to the BES 
bus located at generating plant substations where the total installed gross 
generating plant capacity is greater than the gross capacity of the largest BES 
generating unit within the Balancing Authority Area or, if a member of a Reserve 
Sharing Group, the largest generating unit within the Reserve Sharing Group2. 


 
4.2.7.2 Automatic Reclosing applied on the terminals of all BES Elements at substations 


one bus away from generating plants specified in Section 4.2.7.1 when the 
substation is less than 10 circuit‐miles from the generating plant substation. 


 
4.2.7.3 Automatic Reclosing applied as an integral part of an RAS specified in Section 


4.2.4. 


Bulk Electric System (BES) 


In general, the definition of the BES is “all Transmission Elements operated at 100 kV or higher 
and Real Power and Reactive Power resources connected at 100 kV or higher. This does not 
include facilities used in the local distribution of electric energy.”3  
 
Using the applicable facilities section of PRC-005-6 and the definition of the BES, the SME Team 
has analyzed different Protection Systems to determine whether PRC-005-6 is applicable. 


Definitions 


Automatic Reclosing – Includes the following components: 
 


• Reclosing relay 
• Supervisory relay(s) or function(s) – relay(s) or function(s) that perform voltage and/or 


synch check functions that enable or disable operation of the reclosing relay 
• Voltage sensing devices associated with the supervisory relay(s) or function(s) 
• Control circuitry associated with the reclosing relay(s) or function(s) 


 


                                                 
1 Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment owner can 
demonstrate that a close-in three-phase fault present for twice the normal clearing time (capturing a minimum trip-
close-trip time delay) does not result in a total loss of gross generation in the Interconnection exceeding the gross 
capacity of the largest relevant BES generating unit where the Automatic Reclosing is applied. 
2 The largest BES generating unit within the Balancing Authority Area or the largest generating unit within the 
Reserve Sharing Group, as applicable, is subject to change. As a result of such a change, the Automatic Reclosing 
Components subject to the standard could change effective on the date of such change. 
3 See NERC Glossary of Terms for complete definition at page 18.  



http://www.nerc.com/pa/stand/glossary%20of%20terms/glossary_of_terms.pdf
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Protection System4: 
 


• Protective relays which respond to electrical quantities  
• Communications systems necessary for correct operation of protective functions  
• Voltage and current sensing devices providing inputs to protective relays  
• Station dc supply associated with protective functions (including station batteries, battery 


chargers, and non-battery-based dc supply), and  
• Control circuitry associated with protective functions through the trip coil(s) of the 


circuit breakers or other interrupting devices 
 
Protection System Maintenance Program (PSMP)5:  
 
An ongoing program by which Protection System, Automatic Reclosing Components are kept in 
working order and proper operation of malfunctioning Components is restored.6 A maintenance 
program for a specific Component includes one or more of the following activities:  


• Verify — Determine that the Component is functioning correctly  
• Monitor — Observe the routine in-service operation of the Component  
• Test — Apply signals to a Component to observe functional performance or output 


behavior, or to diagnose problem  
• Inspect — Examine for signs of Component failure, reduced performance or degradation 
• Calibrate — Adjust the operating threshold or measurement accuracy of a measuring 


element to meet the intended performance requirement 
 
Sudden Pressure Relaying – A system that trips an interrupting device(s) to isolate the 
equipment it is monitoring and includes the following Components: 
 


• Fault Pressure relay – a mechanical relay or device that detects rapid changes in gas 
pressure, oil pressure or oil flow that are indicative of Faults within liquid filled, wire-
wound equipment 


• Control circuitry associated with a fault pressure relay 
 
 
 
 


                                                 
4 Id. at page 63. 
5 Id. at page 64-66. 
6 PRC-005-2 does not require any reference to Automatic Reclosing or Sudden Pressure Components be within the 
PSMP.   Automatic Reclosing Components were added in PRC-005-3 (version 3, effective April 1, 2016). Sudden 
Pressure Components were added in PRC-005-4 (version 4 – pending FERC approval). 
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Protection Systems 


Protection Systems Included R1 


1) Protection Systems that are installed for the purpose of detecting Faults on BES Elements 
(lines, buses, transformers, etc.). (Section 4.2.1 from PRC-005-2).7 
 


2) If a protection zone encompasses BES and non-BES elements, the Protection System is 
covered by PRC-005-2. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


                                                 
7 Please note that this would not include out of step tripping or blocking relays. 


All elements in figures 1-11 below (i.e. breakers, lines, buses, transformers. etc.) shown in:  


• Blue are considered a BES element   
• Green are considered Non-BES elements   
• A breaker that does not operate during a fault is displayed as solid box (filled)  
• A breaker that fails to operate is designated by an X over the breaker 


 
The zone of protection of each Protection System is shown as: 


• A red oval if the Protection System is included within PRC-005-2    
• A green oval if the Protection System is excluded within PRC-005-2   


 
The zone of protection of a breaker failure relay is shown as a rectangle around that breaker. 
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a) Transformer Protection Systems connected to CT’s on a BES-breaker (i.e., ring bus or 
breaker and a half). This Protection System not only protects the transformer, but also 
protects a BES-bus and detects Faults on BES Elements (BES-bus). (Figure 1) 
 
 


Figure 1. 
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b) Radial lines directly connected to BES ring bus or breaker and a half bus. (Figure 2) 
 
 


 
Figure 2.  
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3) Protection Systems for station service or excitation transformers connected to the generator 
bus of generators which are part of the BES, that act to trip the generator either directly or via 
lockout or tripping auxiliary relays. (PRC-005-2, §4.2.5.4). (Figure 3) 
 
 


 
Figure 3. 
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4) Any breaker failure relay that detects the failure of a breaker that is defined as a BES breaker, 
or non-BES breaker that trips a single BES generator (Figure 4) or an aggregate of BES 
generators.  


 
 


 
Figure 4. 
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Exemption for Exclusion 


Through the application of the July 1, 2014 definition of the BES and the BES net process, facilities 
may receive a self-determined exclusion or may have been excluded through the exception process 
as being a BES asset. A study can be done to exclude the facilities and with that, the associated 
protection systems (the zone of protection shown as an orange oval see Figure 5). The study to 
exclude this protection system should determine if power flows in the reverse direction through 
the transformer into the BES under any scenario or contingency(s), or actual power flow through 
the transformer is measured and has not flown into the BES. Protection Systems for the excluded 
facilities are not subject to the application of PRC-005-2. 
 


 
                                             Figure 5. 
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Protection Systems Excluded 


The SMET created four rules that help determine if a protection system is excluded from PRC-
005-2. The rules are not all inclusive. However, they are described throughout this section and 
shown in Figures 6 through Figure 11. 
 


1. If the protection zone covers only non-BES elements, then the protection scheme is not 
covered by PRC-005-2. (Figures 6 and 7) 
 


 
    Figure 6. 
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   Figure 7. 
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2. Any breaker failure relay that detects the failure of a non-BES breaker is excluded, unless 


that breaker failure relay trips a BES generator. (i.e., the high-side or low-side breaker of a 
non-BES transformer connected to a BES bus.) Even though this relay may detect Faults 
on BES Elements (the BES bus), the purpose of the relay is to detect current flowing 
through the failed non-BES breaker. (Figures 8 and 9) 


 


 
    Figure 8. 
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Figure 9. 
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3. Any Protection System installed for the purpose of detecting Faults on only non-BES 


Elements regardless of the actions of that Protection System opening or disconnecting a 
BES element. (Figures 10 and 11) 
 


 
     Figure 10. 
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Figure 118 


 
 


4. A control system that acts to trip the generator is excluded from PRC-005-2. A control 
system is not considered a Protection System and it does not detect BES faults. 


 


 


 


 


 


                                                 
8 The transfer trip communications to Substation B (Figure 11) would most likely be initiated by the detected failure 
of either BES breaker A or B and therefore would be included in PRC-005-2. 
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Protection Systems Maintenance Activities 


Unresolved Maintenance Issue (Requirement R5) 


Deficiencies identified during a maintenance activity that cause the component to not meet the 
intended performance, and cannot be corrected during the maintenance interval, require initiation 
of a follow-up corrective action. The requirement does not state how quickly a corrective action 
for unresolved maintenance issues needs to be resolved. A catastrophic failure may require more 
multiple maintenance intervals to resolve a maintenance issue (i.e., a fire, flood, or hurricane will 
take more than the four-month interval required for the battery maintenance). Replacing a failed 
electromechanical relay with a new panel of microprocessor relays may take three to four years 
due to budgeting, design, procurement, and scheduling outage for installation. 
 
Once the corrective actions have been completed, the maintenance records shall be updated to 
reflect the successful results. Documentation of unresolved maintenance issues may include but is 
not limited to corrective work order, email requesting budget approval, email stating project budget 
approved, project work orders, replacement component orders, invoices, project schedules with 
completed milestones, return material authorizations (RMAs), or purchase orders. 


Failed Element Tests 


Each element may have multiple types of documentation methods available to validate the 
completion of maintenance activities. Any time a check box is used as documentation a step or 
process was completed, procedural documents must be available in order to validate the 
significance of the check box. Any element that receives a “fail” check mark must be resolved and 
documented prior to the end of the maintenance interval, otherwise, the element shall be addressed 
as an unresolved maintenance issue (R5). 


Data Retention 


Data retention has been reduced from the two most recent performances to only the most recent 
performance in those cases where the interval of the maintenance activity is longer than the audit 
cycle.9 
 
However, NERC Reliability Standard PRC-005-1.1b only requires that the Protection System 
owner shall retain evidence of the implementation of its PSMP for three years. A Protection System 
owner may have a longer data retention period within its PRC-005-1.b PSMP, and therefore, may 
require documentation for implementation prior to April 4, 2012. Keep the most recent 
performance of each distinct maintenance activity for the Protection System Component, or all 
performances of each distinct maintenance activity for the Protection System Component since the 


                                                 
9 For elements which have been removed from service, entities shall retain maintenance records for those elements 
for the current audit period as described above which may pre-date the prior audit. The minimum requirement for 
commissioning records of the replacement element is documentation of the dates of the tests under this standard. 
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previous scheduled audit date, whichever is longer, dating back to June 18, 2007 (date PRC-005 
initially was enforceable).  


Protective Relay Maintenance Activities (Table 1-1 and Table 2) 


Acceptable documentation to verify that settings are as specified 


• A check box stating the relay settings were verified  
• Pass/Fail relays setting verification stated in relay test report 


 
The settings within the relay are compared to specified settings within corporate records.  
Microprocessor settings could be verified locally or remotely. 
 
For non-microprocessor relays: 
Acceptable documentation to verify relays were tested and, if necessary calibrated 


• Relay test report 
o Date 
o Relay identification 
o Tester ID (not required, but is a good control) 
o Test results proving the test was performed (lock-out relay (LOR) and auxiliary relays 


are tested per Table 1-5 for Control Circuitry) 
o Pass/Fail-is auditor friendly but not required 


• Relay calibration is not required to be documented, but this may be helpful for asset renewal 
 


Electro Mechanical 
Relay.pdf


 
 
For microprocessor relays: 
Acceptable documentation to verify operation of the relay inputs and outputs that are essential to 
proper functioning of the Protection System, and verification that the alarm path conveys alarm 
signals to a location where corrective action can be initiated (Table 2).10 


• A check box stating the essential relay outputs/inputs were verified 
• Pass/Fail essential relay outputs/inputs verification stated in relay test report 
• A check box stating the relay monitoring alarms were verified 
• Pass/Fail essential relay monitoring alarm verification stated in relay test report 


 


                                                 
10 Verify the actual operation of the output contact (i.e. test continuity at test switch, trip LOR, or trip breaker).  
Viewing an event report does not confirm the output actually closed; it only proves the logic to actuate the output 
picked up.  Inputs can be confirmed via event reports. 
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The requirement to verify the proper functioning of an analog to digital (AD) converter within a 
microprocessor relay can be satisfied by any of the following documentation: 


1. A check box stating during the CT/PT testing, if there is another CT/PT value to be 
compared to. (i.e., if you compare the energized system metered values within the primary 
relay to the secondary relay. This would satisfy both your AD converter testing and PT/CT 
testing.) 


2. A check box stating currents or voltages measured by an independent meter were 
accurately measured within the relay. 


3. A check box stating known currents or voltages were injected from a test set and verified 
to be accurately measured within the relay. 


4. A test report showing known currents or voltages were injected from a test set and verified 
to be accurately measured within the relay. 
 


Microprocessor 
Relay.pdf


 


Communication Systems Maintenance Activities (Table 1-2 and Table 2) 


Required maintenance activities for Communication Systems (from Table 1-2): 
1) Verify that the communications system is functional, by verifying a signal initiated at the 


sending end results in correct receiver output at the remote end  
 


2) Verify operation of communications system inputs and outputs that are essential to proper 
functioning of the Protection System 


 
3) Verify that the alarm path conveys alarm signals to a location where corrective action can 


be initiated (Table 2) 
 
Acceptable documentation for the Communication Systems maintenance activities above 
(Examples are not all inclusive, but any would be acceptable): 


• A check box stating the verification of the required maintenance activity of Communication 
Systems  


•  
• Pass/Fail stated in Communication Systems test report 


(Or) 
• Highlighted schematics or one-lines 
 
Acceptable documentation for the Communication Systems maintenance activities: Verify that the 
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communications system meets performance criteria pertinent to the communications technology 
applied (e.g. signal level, reflected power, or data error rate).11 
 
• Communication test report 


o Date 
o Communication equipment identification or associated relay identification 
o Tester ID (not required, but is a good control) 
o Check box stating transmitted/received levels were adequate or record 


transmitted/received levels (for power line carrier, tone, and microwave only).  Not 
applicable to digital 


o Check box stating reflective power was adequate or record Reflective power levels (for 
power line carrier, tone, and microwave only).  Not applicable to digital 


o Record propagation and/or data error rate (for fiber/digital only), unless monitored 
o Pass/Fail-is auditor friendly but not required 


 
• Communication System calibration is not required to be documented, but this may be helpful 


for asset renewal12 
 
 


Communication 
Fiber.pdf


Communication 
Carrier.pdf


Communication 
Carrier Management 


   


Communication 
Relays Test Procedur


 
 


Voltage and Current Sensing Devices Providing Inputs to Protective Relays Maintenance 
Activities- (Table 1-3) 


Acceptable Maintenance Activities for online CT/PT Testing: 
 
Acceptable documentation to verify that current and voltage signal values are provided to the 
protective relays. (Examples are not all inclusive, but any would be acceptable.) 
 
• A check box stating “Verify current and voltage signal are received” 
• A meter command  from a microprocessor printout 
• Pass/Fail verify that current and voltage signal values are provided to the protective relays 


stated in test report 


                                                 
11A check box stating a time synched end-to-end test done during preventative maintenance is acceptable 
documentation. However, this would typically be done during commissioning, after a scheme has been modified, after 
a change of power line carrier frequency, when a new component essential to the communication scheme is installed 
or modified, or a misoperation due to poor communication coordination. A time synched end-to-end is not required 
during preventative maintenance activities within PRC-005-2. 
12 SCADA points list or operator screen shot would be acceptable documentation of monitoring. 
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• Measured current or voltage values recorded 


Acceptable Maintenance Activities for offline CT/PT Testing: 
 
Some PT/CT’s for generators, reactors, or capacitors cannot be energized during testing. If the 
applicable entity has a microprocessor protecting the element (generator, reactor, or capacitor), an 
event report can be triggered when the element is energized. Then the event report can be saved as 
documentation of CT/PT testing. If the element has not been energized and therefore hasn’t created 
an event report (i.e., large capacitors that are prevented from being in service due to system 
conditions), then the applicable entity must:  
 
• Verify the signal values (voltage or current) are provided from the CT/PT primary to the relay 


inputs. Testing Methods: (Test 1, test 2, or test 3 are acceptable examples but are not all 
inclusive). 


 
(Test1) 
• Inject current or voltage on primary of CT/PT and confirm signal values reach the 


inputs of the relay(s). 
Or 


(Test 2) 
• Inject current or voltage at the relay terminal and confirm signal values reach the 


secondary of CT/PT (i.e. lamp test). 
And 


• Any test that would confirm a voltage or current applied to the primary will reach the 
secondary of the voltage or current sensing device as expected.13 
Or 


(Test 3) 
• Using a test set inject current or voltage at the secondary of CT/PT and confirm signal 


values reach the inputs of the relay(s). 
And 


• Any test that would confirm a voltage or current applied to the primary will reach the 
secondary of the voltage or current sensing device as expected. 


 
In summary as stated in the NERC Supplementary Reference and FAQ PRC-005-3: If online 
testing is deemed too risky, offline tests, such as, but not limited to, CT excitation test and PT turns 
ratio tests can be compared to baseline data and be used in conjunction with CT and PT secondary 
wiring insulation verification tests to adequately “verify the current and voltage circuit inputs 
from the voltage and current sensing devices to the protective relays …” while eliminating the risk 
of tripping an in service generator or transformer. Similarly, this same offline test methodology 
                                                 
13 An acceptable test but not limited to, CT excitation test and PT turns ratio tests can be compared to baseline data. 
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can be used to verify the relay input voltage and current signals to relays when there are no other 
instrument transformers monitoring available for purposes of signal comparison. 


CT/PT Test Results for voltages or currents expected to be close to 014: 


• Measure voltage induced on operating circuit quantities should appear equal to or close to 
0, and verify all CT’s are carrying load. 
Or 


• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Current differential relays with parallel CT connections: 


• Measure operating circuit quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load. 
Or 


• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Line Protection neutral currents. 


• Measure 3IO and 3VO quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load.  Typically transmission systems are not perfectly balanced and 
some very small value (i.e., 0.01 A) should be measured. 
 


Voltage and 
Current.pdf


 


Protection System Station DC Supply Maintenance Activities (Table 1-4(a) through Table 1-
4(f)) 


All required battery maintenance activities and documentation are fairly straight forward. 
 
Protection System owners can verify that the station battery can perform as manufactured by 
performing periodic internal ohmic measurements, float current, float voltage, temperature, 
specific gravity, or combinations of these tests on station batteries, OR the users may elect to 
perform capacity tests. It’s the owner’s responsibility to validate a baseline from new on every 
make/model/type of battery. Going forward the owner must maintain a documented process using 


                                                 
14 High impedance differential relays (i.e., PVD, SBD, SEL-587Z) with parallel CT connections: 
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the chosen testing parameters and methodology that determines where the battery cannot perform 
as manufactured. 
 
In order to verify battery continuity, you could turn off the battery charger, and clamp onto the 
battery load terminals and verify current is flowing to station DC load. This can be documented 
by either a check box or pass/fail of battery continuity verified. 
 
Table 1-4(e) requires the DC Voltage to be measured for an unmonitored SPS tripping non-BES 
breakers, non-distributed UFLS systems, or non-distributed UVLS systems every 12 calendar 
years. This can be documented by either a check box or pass/fail of DC voltage verified, or the 
recording of the measured value. 
 
Table 1-4(f) does enable exclusions from maintenance activities for monitored Station DC 
supplies. 
 


4 Month Battery 
Inspection.pdf


18 Month Battery 
Test.pdf


battery 18 
month.pdf


Battery 6 Year.pdf


 


Control Circuitry Associated With Protective Functions Maintenance Activities (Table 1-5) 


Acceptable documentation for all maintenance activities of Control Circuitry (examples are not 
all inclusive, but any would be acceptable): 
• A check box stating the verification of any required maintenance activity of Control Circuitry 
• Pass/Fail stated in Control Circuitry test report 
• Highlighted schematics or one-lines 
• A detailed list of each trip path for a breaker, auxiliary relay, or LOR that is signed and dated 
 
For lockout testing PRC-005-2 requires a functional trip. As an example, a test using a relay output 
and station battery DC to trip the LOR is adequate.15 
 


DC Control Ck 
A.pdf


DC Control Ck 
B.pdf


 


                                                 
15Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective 
relay or UFLS/UVLS relay that is considered included within PRC-005-2. Per Supplementary reference and FAQ 
Section 15.3 
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Maintenance Activities for UFLS and UVLS Systems 
Distributed UFLS/UVLS Systems are systems at one substation (distribution substations, non-BES 
or BES substations) that operate more than one interrupting device with an individual or multiple 
relays at that substation, or one device that sends a signal to operate multiple interrupting devices 
at multiple substations.16 
 
After thorough review of UFLS/UVLS activities in PRC-005-2 Tables, the SME Team has 
determined there is no difference between the maintenance activities of a distributed or non-
distributed UFLS/UVLS system. 


UFLS/UVLS Relay: 
Acceptable documentation to verify that settings are as specified 


• A check box stating the relay settings were verified  
• Pass/Fail relays setting verification stated in relay test report 
 
For non-microprocessor relays: 
Acceptable documentation to verify tested and, if necessary calibrate 


• Relay test report 
o Date 
o Technicians name or initial 
o Relay identification 
o Pass/Fail-is auditor friendly but not required 


• Relay calibration is not required to be documented, but this may be helpful for asset renewal 
 
For microprocessor relays: 
Acceptable documentation to verify operation of the relay inputs and outputs that are essential to 
proper functioning of the UFLS or UVLS, and verification that the alarm path conveys alarm 
signals to a location where corrective action can be initiated (Table 2). 


• A check box stating the essential relay outputs/inputs were verified 
• Pass/Fail essential relay outputs/inputs verification stated in relay test report 
• A check box stating the relay monitoring alarms were verified 
• Pass/Fail essential relay monitoring alarm verification stated in relay test report 
 
The requirement to verify the proper functioning of an AD converter within a microprocessor relay 
can be satisfied by any of the following documentation: 


1. A check box stating during the CT/PT testing, if there is another CT/PT value to be 
compared to. (i.e., if you compare the energized system metered values within the primary 
relay to the secondary relay. This would satisfy both your AD convertor testing and PT/CT 
testing.) 


                                                 
16 If the UFLS/UVLS is non-distributed you must follow maintenance activities and intervals in Tables 1-1 through 
1-3, Table 1-4(e), and Table 1-5.  If the UFLS/UVLS is distributed you must follow maintenance activities and 
intervals in Tables 3. 
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2. A check box stating currents or voltages measured by an independent meter was accurately 
measured within the relay. 


3. A check box stating known currents or voltages was injected from a test set and verified 
to be accurately measured within the relay. 


4. A test report showing known currents or voltages was injected from a test set and verified 
to be accurately measured within the relay. 
 


Under Frequency 
Load Shedding (UFL     


UFLS A.pdf


 


 
 
 
 
 


UFLS/UVLS Associated Communication Equipment: 
 
For distributed UFLS/UVLS there is no required maintenance. For non-distributed UFLS/UVLS 
associated communication equipment most likely does not exist. 


UFLS/UVLS Voltage sensing device: 
 
Acceptable documentation to verify that voltage signal value is provided to the UFLS/UVLS 
relays. (Examples are not all inclusive, but any would be acceptable.) 


• A check box verifying that voltage signal value is provided to the 
UFLS/UVLS relay 


• A meter command  from a microprocessor printout 
• Pass/Fail verify that voltage signal value is provided to the 


UFLS/UVLS relays stated in test report 
• Measured UFLS/UVLS voltage value recorded 


UFLS/UVLS DC Supply: 
 
The DC Voltage is to be verified at the output(s) that trips the interrupting device(s) for a 
UFLS/UVLS system. This can be documented by either a check box or pass/fail of DC voltage 
verified, or the recording of the measured value. The maximum maintenance interval for this is 12 
calendar years. 17 


                                                 
17 For UFLS/UVLS DC Supply that is monitored the DC voltage must be verified as described above every 12 years. 
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UFLS/UVLS Control Circuitry 
 
UFLS/UVLS control circuitry which includes:18 


1. Path from relay to LOR and/or auxiliary relay and essential supervisory logic 
2. Electrical operation of electromechanical lockout and/or auxiliary relay 


 
Acceptable documentation for all maintenance activities of UFLS/UVLS control circuitry 
(Examples are not all inclusive, but any would be acceptable): 


• A check box stating the verification of UFLS/UVLS control circuitry  
• Pass/Fail stated in UFLS/UVLS control circuitry test report 
• Highlighted schematics or one-lines19 
 


Automatic Reclosing 


Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment 
owner can demonstrate that a close-in three-phase fault present for twice the normal clearing 
time (capturing a minimum trip-close-trip time delay) still meets the critical clearing time for the 
generation. If both the trip-close-trip time delay and breaker failure time delay are shorter than 
critical clearing time, maintenance requirement for Automatic Reclosing can then be excluded. 
 
The largest BES generating unit within the BAA or the largest generating unit within the Reserve 
Sharing Group, as applicable, is subject to change. As a result of such a change, the Automatic 
Reclosing Components subject to the standard could change effective on the date of such change. 
 
As an example, the largest generator in a BAA is 1550 MW. It is a nuclear plant and there is no 
retirement information available at this time for unit. Therefore, any Automatic Reclosing applied 
on the terminals of Elements connected to the BES bus located at generating plant substations 
where the total installed gross generating plant capacity is greater than the 1550 MW (the largest 
BES generating unit within the BAA for those companies within the BAA. 
 
Automatic Reclosing addressed in Section 4.2.7.1 and 4.2.7.2 may be excluded if the equipment 
owner can demonstrate one of the below: 
 


1) Two buses away from generating plant where the total installed gross generating plant 
capacity is greater than the 1550 MW, regardless of the circuit miles. 


2) Synchronizing relays for breakers without auto reclosing relays. 
3) A close-in three-phase fault present for twice the normal clearing time (capturing a 


minimum trip-close-trip time delay) does not result in a total loss of greater than 1554 MW 


                                                 
18 A majority of distributed UFLS/UVLS relays will directly trip the trip coil of the non-BES breaker.  There is no 
required maintenance for UFLS/UVLS control circuitry in this case. 
19 Any breaker that is determined to be non-BES does not have to be tripped, even if it is tripped by a BES protective 
relay or UFLS/UVLS relay that is considered included within PRC-005-2. (Per Supplementary reference and FAQ 
Section 15.3.1) 
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generation.  The trip-close-trip time delay should be less than breaker failure time delay. 
The breaker failure time delay should be less than the critical clearing time for stability. If 
both the trip-close-trip time delay and breaker failure time delay are shorter than critical 
clearing time, then maintenance requirements for Automatic Reclosing can be excluded. 
 


 
Figure 1220 


 
Substation A: 
In Figure 12 above, the gross capacity of the generation plant at Substation A is larger than the 
largest generator within the MISO’s BAA, therefore all Automatic Reclosing at substation A is 
included within PRC-005-6. The sync check relays on breakers A3 and A7 are excluded since 
these breakers do not have Automatic Reclosing. 
Substation B: 
All Automatic Reclosing at Substation B is excluded because Line AB is greater than 10 circuit-
miles. Substation B is within 10 circuit-miles from the 345 kV bus at Substation A if you add the 
lengths of Line AC and Line BC, but Substation B is two buses away looking at that circuit route. 
Substation C: 


                                                 
20 Each substation has its own ground grid and therefore is considered a separate bus.  Each Automatic Reclosing 
system is shown as 79, but also includes supervisory relays (i.e. 25, 27, and 59). 
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All Automatic Reclosing at Substation C applied on the 345 kV breakers is included within since 
the 345kV bus is one bus away and within 10 circuit-miles of the 345 kV bus at Substation A.  The 
sync check relay on breaker C4 is excluded since it is not associated with Automatic Reclosing. 
All Automatic Reclosing at Substation C on the 138 kV bus is excluded since the 138kV bus is 
two buses away from the 345 kV bus at Substation A. 
Substation D: 
All Automatic Reclosing at Substation D applied on the 345 kV breakers is included within since 
the 345kV bus is one bus away and within 10 circuit-miles of the 345 kV bus at Substation A.  The 
SME Team has determined that a straight bus, ring bus, or breaker and half bus configuration is 
considered one bus. 
Substation E: 
Even though substation E is within 10 circuit-miles of Substation A, all Automatic Reclosing at 
Substation E is excluded because Substation E is two buses away from the 345 kV bus at 
Substation A. 


 
Maintenance Activities for Automatic Reclosing (Table 4-1, 4-2a and 2b, and 4-3) 


Reclosing Relay and Supervisory Relay (Table 4-1) 


Reclosing Relay and Supervisory Relay maintenance activities are described in Table 4-1.  All 
maintenance activities and documentation are the same as the protective relays. See Protective 
Relay Maintenance Activities (Table 1-1 and Table 2) section of the document. 
 


Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may 
be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79). 


Automatic Reclosing Control Circuitry not integral part of RAS (Table 4-2a) 


Microprocessor: 
1. Confirm that the reclosing relay contact is open when that reclosing relay output 


logic is deactivated.21 
 
Electromechanical: 


1. Confirm that the reclosing relay contact is open when that reclosing relay is 
deactivated. 


2. Initiate a reclose and verify that the Automatic Reclosing does not issue a 
premature closing command to the close circuitry.  


Automatic Reclosing Control Circuitry for RAS schemes only (Table 4-2b) 


Automatic Reclosing within a RAS (Table 4-2b): 
1. A check box stating the verification of all Control Circuitry. 


                                                 
21The supervisory relay will not cause a premature closing command to the close circuitry. 
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2. A check box stating each close coil or actuator is able to operate the circuit 
breaker or mitigating device. 


Automatic Reclosing Voltage Sensing Device (Table 4-3) 


Automatic Reclosing Voltage Sensing Device maintenance activities are described in 
Table 4-3. All maintenance activities and documentation are the same as the protective 
relays voltage sensing devices. See Voltage and Current Sensing Devices providing inputs 
to Protective Relays (Table 1-3) section of the document. 
 
Section 15.8.1 of Frequently Asked Questions (FAQ) lists the supervisory relays that may 
be applicable (i.e. IEEE device 25, 27, and 59 relays associated with a 79). 


Maintenance Activities for Sudden Pressure Relaying (Table 5) 


Fault pressure relay: 
1. Check box stating verified the pressure or flow sensing mechanism is operable 


with a go/no go test. 22  
 


• Westinghouse SPR- remove plug to actuate device per Westinghouse test 
procedure 


• Bucholtz relay-push button to actuate the device. 
• Qualitrol Sudden Pressure Relief (SPR) – use Qualitrol test kit (hand pump and 


pressure gage) to actuate device. 
• Qualitrol Fault Pressure Relief (FPR) – reach in flip switch to actuate device, then 


manually reset. 
• Qualitrol Rapid Pressure Rise relay (RPR) – use Qualitrol test kit (hand pump and 


pressure gage) to actuate. 
• ABB Gas Detector Relay (GDR) – use pump to actuate device per ABB test 


procedure. 
 
Note: No need to remove device from transformer from testing/maintenance. Some entities 
only alarm for the operation of the devices listed above, maintenance of devices listed 
above not required if device does not trip breakers. 
 
Sudden Pressure Relaying Control Circuitry and LOR: 


2. All maintenance activities and documentation are the same as Control Circuitry 
Associated with Protective Functions Maintenance Activities (Table 1-5). See 
Control Circuitry Associated with Protective Functions Maintenance Activities 
(Table 1-5) section of this document. 


                                                 
22 Section 15.9.1 of FAQ Fault pressure relay may include Bucholtz relay, Westinghouse SPR, and/or 
Qualitrol RPR. 
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Performance-Based Maintenance (Attachment A of PRC-005-6) 
To establish performance-based maintenance (PBM):  


1. Determine the population of components in segment.  Make sure that population exceeds 
60. 


2. Maintain per Tables 1-1 through 1-5 and Table 3 (i.e., table 1-5 for breaker trip coils or 
LORs - 6 years) until maintenance activity results are available for 30 components. 


3. Document maintenance activities including maintenance dates and countable events.  
a. Countable event-failure requiring repair or replacement during maintenance 
b. Countable event-Misoperation due to hardware or calibration failure (i.e., for 


breakers: only hardware failure applies to trip coils) 
4. Analyze program to determine performance. 
5. Analyze countable events not to exceed 4%, for the greater of either last 30 maintained or 


all maintained in last year. 
 
Assessment for confirming establishing PBM: (only required for the initial establishment of PBM 
program) 


1. Request population size; must be greater than 60. 
2. Confirm the first 30 components were maintained per Tables 1-1 through 1-5 and Table 3 
3. Request number of countable events. 
4. Determine maximum PBM interval where countable events will not exceed 4% of 


population tested. (If countable events = 0, then maintain 5% of population.) 


Example Maximum PBM Interval calculation: 


1,000 population  
100 components tested 
1 countable event 
 
Failure rate = countable events / components tested = 1/100 = 1% 
Minimum components tested at Maximum Interval = countable events / (maximum 
failure rate of 4%) = 1/.04 = 25 
Maximum Interval = population / Minimum components tested at Maximum Interval = 
1000/25 = 40 years  


 
5. Maintain those components at or below that maximum interval. Always be sure to 


calculate the maximum maintenance interval with a failure rate not to exceed 4%. 
 
To continue to use PBM the applicable entity must: 


1. Annually update components and segments. 
2. Prove they have tested at least 5% of the population annually. 
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3. Calculate the maximum interval not to exceed a 4% failure rate/countable events. (If 
countable events = 0, then maintain 5% of population) 


4. Analyze prior year data. If the percentage countable events exceed 4% for the greater of 
either last 30 maintained or all maintained in last year, create an action plan to reduce the 
countable events below 4% within 3 years. 


5. Do not exceed 4% countable events of segment tested for 3 consecutive years following 
the year the countable events first exceeded 4%. 


 
Assessment to confirm entity is properly continuing PBM: 


1. Request population size; must be greater than 60. 
2. Request population tested. Entity must test at least 5% of population. 
3. Request number of countable events. 
4. Request maximum # of failures. 
5. Determine maximum PBM interval where countable events will not exceed 4% of 


population tested.  Maintain those components at or below that maximum interval. 
6. If countable events exceeds 4% of population tested, request action plan to reduce 


countable events below 4% within 3 years. 


PBM Table 


Brand specific (Lockout Relay) LOR23 


Year 
Total  


Population 
 


Tested 
% Tested  


(must exceed 5%) # of Failures 
Maximum 


# of Failures (4%) 


Maximum 
PBM 


Interval 


2014 859 49 5.7% 0 1 Test 5% 


2013 824 89 10.8% 1 3 32.96 Years 


2012 824 62 7.5% 0 2 Test 5% 


2011 824 140 17.0% 0 5 Test 5% 


2010 824 266 32.3% 0 10 Test 5% 


2009 824 205 24.9% 0 8 Test 5% 


                                                 
23 See NERC Supplementary Reference and FAQ PRC-005-3 Section 9. Performance-Based Maintenance Process. 
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PRC-005-2 Implementation 
This section contains suggested implementation plan to meet the requirements of NERC Standard 
PRC-005-2.  The Implementation Plan is intended to give an applicable entity the ability to 
transition from the maintenance intervals and activities according to PRC-005-1 to the required 
maintenance intervals and activities in PRC-005-2.   


Maintenance Intervals 


If an applicable entity has an existing maintenance interval that is shorter than the required 
maintenance intervals within PRC-005-2 and also includes all the maintenance activities within 
PRC-005-2, then the applicable entity can immediately transition to the new required maintenance 
intervals. 
 
If an applicable entity has an existing maintenance interval that is shorter than the required 
maintenance intervals within PRC-005-2, but does not include all the maintenance activities within 
PRC-005-2, then the applicable entity can immediately transition to the new required maintenance 
intervals and activities. 
 
If an applicable entity has an existing maintenance interval that is longer than the required 
maintenance intervals within PRC-005-2, the applicable entity can transition to the new required 
maintenance intervals and activities per the Implementation Plan Project 2007-17 Protection 
Systems Maintenance and Testing PRC-005-2. During the implementation plan you must not 
exceed your existing (PRC-005-1) maintenance interval.   
 
You must be able to show when you are 30%, 60%, and 100% compliant according the 
implementation plan. (See table below.)24 Your compliance percentage should be calculated on a 
component basis. (i.e., if you have 10,000 microprocessor relays with monitoring. 3,000 must be 
tested according to new required activities by 4/1/2019; 6,000 by 4/1/2023, and all 10,000 by 
4/1/2027. If you had 10,000 electro-mechanical relays. 3,000 must be tested according to new 
required activities or replaced by 4/1/2017; 6,000 tested or replaced by 4/1/2019, and all 10,000 
tested or replaced by 4/1/2021. It may be helpful to know the number of relays in service as of 
4/1/2015.)  


Implementation Plan Data Table V2 


 
Max. 
Maintenance 
Interval 


% Compliant By  


Less than 1 year  100%  Oct. 1, 2015 (1D/1Q 18 mo. following regulatory approval)  


                                                 
24 The dates of compliance percentage are different for each Province of Canada.   
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1–2 calendar years  100%  Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)  


3 calendar years  30%  Apr. 1, 2016 (1D/1Q 24 mo. following regulatory approval)1  


3 calendar years  60%  Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)  


3 calendar years  100%  Apr. 1, 2018 (1D/1Q 48 mo. following regulatory approval)  


6 calendar years  30%  Apr. 1, 2017 (1D/1Q 36 mo. following regulatory approval)2  


6 calendar years  60%  Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)  


6 calendar years  100%  Apr. 1, 2021 (1D/1Q 84 mo. following regulatory approval)  


12 calendar years  30%  Apr. 1, 2019 (1D/1Q 60 mo. following regulatory approval)  


12 calendar years  60%  Apr. 1, 2023 (1D/1Q 108 mo. following regulatory approval)  


12 calendar years  100%  Apr. 1, 2027 (1D/1Q 156 mo. following regulatory approval)  
 
1 Or, for generating plants with scheduled outage intervals exceeding two years, at the conclusion 
of the first succeeding maintenance outage. 
2 Or, for generating plants with scheduled outage intervals exceeding three years, at the 
conclusion of the first succeeding maintenance outage.  


PRC-005-6 Implementation  
 
The Implementation Plan for PRC-005-6 includes Automatic Reclosing and Sudden Pressure 
Relaying. The Implementation Plan is intended to give an applicable entity the ability to transition 
to the new required maintenance intervals and activities according to PRC-005-6.  
 
PRC-005-6 is effective on 1/1/2016 and all entities need to update their PSMP’s by 1/1/2017. 


Maintenance Intervals 


If an applicable entity has an existing maintenance interval that is shorter than or equal to the 
required maintenance intervals within PRC-005-6 and also includes all the maintenance activities 
within PRC-005-6, then the applicable entity can immediately transition to the new required 
maintenance intervals. 
 
You must be able to show when you are 30%, 60%, and 100% compliant according to the 
implementation plan. (See table below.) Your compliance percentage should be calculated on a 
component basis.   


Example 30%, 60%, and 100% compliant dates: 


If an entity has 10 microprocessor automatic reclosing and/or supervisory relays with monitoring; 
3 must be tested according to new required activities by 1/1/2021; 6 components by 1/1/2025, and 
all 10 components by 1/1/2029. If an entity has 201 sudden pressure relays; 60 must be tested 
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according to new required activities or replaced by 1/1/2019; 120 components must be tested or 
replaced by 1/1/2021, and all 201 components must be tested or replaced by 1/1/2022. 
 
 
 
 


Implementation Plan Data Table V625 


R1, R2 , R5 100% 
Compliant 


By January 1, 2017 


Max. 
Maintenance 
Interval  


% 
Compliant By  


6 calendar years  30%  Jan 1, 2019 (1D/1Q 36 mo. following regulatory approval) 


6 calendar years  60%  Jan 1, 2021  (1D/1Q 60 mo. following regulatory approval)  


6 calendar years  100%  Jan 1, 2023  (1D/1Q 84 mo. following regulatory approval)  


12 calendar years  30%  Jan 1, 2021  (1D/1Q 60 mo. following regulatory approval)  


12 calendar years  60%  Jan 1, 2025  (1D/1Q 108 mo. following regulatory approval)  


12 calendar years  100%  Jan 1, 2029  (1D/1Q 156 mo. following regulatory approval)  


 
 
 
Additional applicable Automatic Reclosing Components may be identified because of the addition 
or retirement of generating units; or increases of gross generation capacity of individual generating 
units or plants within the BAA. In such cases, the responsible entities must complete the 
maintenance activities within the maintenance intervals from the time of becoming applicable as 
described in Table 4, for the newly identified Automatic Reclosing Components, unless 
documented prior maintenance fulfilling the requirements of Table 4 is available. 


  


                                                 
25 The dates of compliance percentage could be different for each Province of Canada. 
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Revision History 


 


Revision Effective Date Author(s) Approver(s) Summary of Changes 


1.0 4/8/2015 SMET MRO SC Original Issue 


2.0 2/03/2016 SMET MRO SC • Added revision history and 
summary of changes to PRC-005 


• Updated 4.2 Facilities 
• Added definitions from the 


standard 
• Protective Relay Maintenance 


Activities (Table 1-1 and Table 2) 
• Updated Data Retention to align 


with PRC-005-4 
• Added SME discussion on Relay 


Setting Verification. 
• Added PRC-005-3 and -6 


Automatic Reclosing facilities 
included and excluded 


• Added maintenance activities for 
PRC-005-3, -4, and -6 


• Added PRC-005-5 facilities 
excluded 


• Added PRC-005 -6 
Implementation Plan 


• Moved management practices to 
Appendix C 


2.1 4/20/2017 Staff PRC-005 
SMET, 


MRO SC 


• Added Failed Element Test page 
22 


• Modified Unresolved 
Maintenance Issue page 22 
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Appendix A – References  
 
1. NERC Reliability Standard PRC-005-2(i) – Protection System Maintenance 
2. NERC Reliability Standard PRC-005-6 - Protection System, Automatic Reclosing, and Sudden 


Pressure Relaying Maintenance 
3. Supplementary reference and FAQ PRC-005-3 -  System Protection Maintenance 
4. NERC Rules of Procedure Appendix 5C - Procedure for Requesting and Receiving an 


Exception from the Application of the NERC Definition of the BES 
5. NERC Glossary of Terms used in Reliability Standards 
6. Bulk Electric System Definition Reference Document 
7. Implementation Plan Project 2007-17 - Protection Systems Maintenance and Testing PRC-


005-2 
 
  



http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=PRC-005-2(i)&title=Protection%20System%20Maintenance&jurisdiction=United%20States

http://www.nerc.com/_layouts/PrintStandard.aspx?standardnumber=PRC-005-6&title=Protection%20System,%20Automatic%20Reclosing,%20and%20Sudden%20Pressure%20Relaying&jurisdiction=United%20States

http://www.nerc.com/pa/Stand/Project%202007172%20Protection%20System%20Manintenance%20and/Supplementary_Reference_Rev_April_clean_2013.pdf

http://www.nerc.com/FilingsOrders/us/RuleOfProcedureDL/Appendix_5C_ProcForReqAndRecExFromAppOfNERCDefBES_20140701.pdf

http://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf

http://www.nerc.com/pa/RAPA/BES%20DL/BES%20Definition%20Approved%20by%20FERC%203-20-14.pdf

http://www.nerc.com/pa/Stand/Pages/PRC0052RI.aspx
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Appendix B – Power Point Presentation 
 


PRC-005-2 
Application Guidance.


PRC-005-6 
Presentation.pptx  


Appendix C – Recommended Management Practices 


 
Management practices are not required but will assist to provide reasonable assurance regarding 
the achievement of objectives. Listed below are practices/controls that may be utilized by utilities: 
 


• A secure asset database is a great tool for managing the assets within a PSMP. 
• A secure Protection System maintenance documentation database is a great tool for 


managing the documentation of testing. 
• Clear reports and/or dashboard showing components approaching maximum interval or 


maintenance history. 
• A well-documented process of issuing Protection System maintenance work orders, 


which includes equipment failures, corrective action plans, and asset verification. 
• Peer review of all or a random sample of Protection System maintenance work order 


documents.  
• Automated test reports that are clear and concise as to PASS/FAIL. 
• Test reports clearly cover the exact activities within the standard Tables 1-1 through 


Table 3. 
• Periodic review of PSMP and test procedures. 
• A descriptive revision history of PSMP. 
• Annual training of field personnel on PSMP and test procedures with attendance records. 
• A well-documented process of issuing Protection System settings. 
• A central database that stores the settings that are in the field. 
• Automated remote verification of microprocessor settings. 
• Self-audit of PSMP and Testing Documentation (described below). 


PRC-005-6 Self-Audit of PSMP and Testing Documentation 


Request a list of all substations that contain BES Protection Systems included within PRC-005-
6.26   
 
The request should provide a list of all the BES relays, relays schemes, zones of protection, or 
relay panels included within PRC-005-6, depending on how the entity tracks their relays.  Many 
entities have large asset databases of 10,000+ relays and may keep track of relay schemes, zones 
                                                 
26 A request for 100 kV and above substations can be misleading. 
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of protection, or relay panels rather than individual relays. The list of relays should provide a list 
of any of the following: relays, relays schemes, zones of protection, or relay panels depending on 
how the entity tracks their relays. Relays, relays schemes, zones of protection, or relay panels will 
be referred to as relays in the paragraphs below. 
 
After randomly selecting the relays from the acquired list of relays, request documentation of 
maintenance of that relay, its associated voltage or current sensing devices, communication 
equipment, DC circuitry, and/or DC supply. 
 
Do not randomly select a voltage or current sensing device from a substation because it may be 
connected to multiple relays within that substation, which would mean there would be multiple 
test reports. There would be multiple test dates and it would be difficult to determine if the entity 
has met the required test intervals within Table 1-3. 
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Relay 81/700 Pass 


Test Details 


 Summary 


Description Last Test Overall Status


Relay 81/700 2010-Apr-22 11:42 Pass


Description 


Last tested 2010-Apr-22 11:42 Next test due 2016-Apr-22 11:38 


 Test Plan Summary 


Description Last Test Overall Status


Test Plan SFR59 2010-Apr-22 11:42 Pass


 Relay Nameplate 


Name 


Manufacturer 


Model 


Description 


Function 


Circuit 


Firm. Version 


81/700 


X 


Frequency 


Serial Number 


Special ID 


Station Name 


Location 


Company 


Division 


Asset Tag 


7062511 


700 Bus 


700 Bus 


Firmware Date 1/1/0001 12:00:00 AM Reg. Category Calibration 


 Instruments Used 


N/a 1/1/0001 12:00:00 AM 


Description This plan was last modified on: 2009-Nov-06 08:52 


Last run 2010-Apr-22 11:42 


Description Document Step - Settings 


Last run by - 


Instrument SN 


Calibrated on Firmware 


Serial Number Calibration Date 


Plan SFR59 Pass 


Test Setup 
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Description Linear Ramp, Frequency - 59.3.0 Hz 


Last run 4/22/2010 11:38:08 AM by XXX 


Instrument SN N/a 


Calibrated on 1/1/0001 12:00:00 AM Firmware 


Notice: No test condition history available for selected test run results 


 


 


 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 


0.0 ms 0.0 ms 


 
 
 
 
 
 


 


 Sense Settings   
 


Name Channel Id Label Connection Delay Duration Condition Type 


S1 LN1 MA FT- ground 0.0 ms 0.0 ms Potential, 1.5V 
Threshold 


0 -> 1 


 
 


Test History Test run on: 4/22/2010 11:38:08 AM by XXX  


Results  
Label / Value Tested Expected + - Actual   Result 


Ramp 2010-Apr-22 11:38:08 59.300 Hz 0.10 Hz 0.10 Hz 59.288 Hz -0.012 Hz Pass 


Test U/F Pickup Pass 


 Prefault   


Src Ampl Phs Freq 


Action 


Src High 


 


 
Low 


 


 
Ampl 


 


 
Phs 


 


 
Freq 


Reset 


Src 


 


 
Ampl 


 


 
Phs 


 


 
Freq 


 VA 


Condition 
 115.000 


Value 


0.000 ACTION 


Units 
 


Offset Value 60.000 Hz 


Offset Duration 1000.0 ms 


Delta Value -0.020 Hz/s 


Limit Value 50.000 Hz 
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Description Linear Ramp, Frequency - 60.0 Hz 


Last run 4/22/2010 11:41:08 AM by XXX 


Instrument SN N/a 


Calibrated on 1/1/0001 12:00:00 AM Firmware 


Notice: No test condition history available for selected test run results 


 


 


 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 


0.0 ms 0.0 ms 


 
 
 
 
 
 


 


 Sense Settings   
 


Name Channel Id Label Connection Delay Duration Condition Type 


S1 LN1 MA FT- ground 0.0 ms 0.0 ms Potential, 1.5V 
Threshold 


1 -> 0 


 
 


Test History Test run on: 4/22/2010 11:41:08 AM by XXX  


Results  
Label / Value Tested Expected + - Actual   Result 


Ramp 2010-Apr-22 11:41:08 59.900 Hz 0.10 Hz 0.10 Hz 59.898 Hz -0.002 Hz Pass 


Test U/F Reset Pass 


 Prefault   


Src Ampl Phs Freq 


Action 


Src High 


 


 
Low 


 


 
Ampl 


 


 
Phs 


 


 
Freq 


Reset 


Src 


 


 
Ampl 


 


 
Phs 


 


 
Freq 


 VA 


Condition 
 115.000 


Value 


0.000 ACTION 


Units 
 


Offset Value 59.000 Hz 


Offset Duration 2000.0 ms 


Delta Value 0.020 Hz/s 


Limit Value 60.000 Hz 
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Description Operating Time, Frequency - 6.0 Cycles 


Last run 4/22/2010 11:42:46 AM by XXX 


Instrument SN N/a 


Calibrated on 1/1/0001 12:00:00 AM Firmware 


Notice: No test condition history available for selected test run results 


 


 


 
VA 115.000 0.000 60.000 VA 0.000 0.000 60.000 


0.0 ms 0.0 ms 


 
 
 
 
 
 


 


 Sense Settings   
 


Name Channel Id Label Connection Delay Duration Condition Type 


S1 LN1 MA  0.0 ms 0.0 ms Potential, 1.5V 
Threshold 


0 -> 1 


 
 


Test History Test run on: 4/22/2010 11:42:46 AM by XXX  


Results  
Label / Value Tested Expected + - Actual   Result 


Single Point Test 2010-Apr-22 11:42:46 106.7 ms 5.00 % 5.00 % 106.1 ms -0.531 % Pass 


 


Test U/F Timing Pass 


 Prefault   


Src Ampl Phs Freq 


Action 


Src High 


 


 
Low 


 


 
Ampl 


 


 
Phs 


 


 
Freq 


Reset 


Src 


 


 
Ampl 


 


 
Phs 


 


 
Freq 


 VA 


Condition 
 115.000 


Value 


0.000 ACTION 


Units 
 


Offset Value 60.000 Hz 


Offset Duration 1000.0 ms 


Test Value 59.000 Hz 


Max On Time 1000.0 ms 


 








Title: Under Frequency Load Shedding (UFLS) equipment  
           Testing Procedure             
Former ED or Memo # Memo 712                       
 
The function of this memo is to provide clarity and understanding in the testing of UFLS 
systems. This includes protective relays, AC voltage sensing devices, Batteries, and DC control 
circuitry from the station DC supply through the trip coil(s) of the circuit breakers or other 
interrupting devices. 
 
AC Current sensing devices, communication equipment, and lockouts are not components of 
the UFLS system and therefore their testing is not applicable for the UFLS maintenance 
program.  
 
Preliminary 
 


 1. Review station one line & schedule needed switching/outages with System 
Operations.  


 
 2.   Obtain equipment settings for involved equipment. 


 
Field 
 


 3. Check MAXIMO equipment numbers for accuracy and work with Transmission 
Assets staff to resolve inaccuracies or missing information. (Relays, com-equipment, 
sensing & associated devices) 


NERC PRC-005-2 Required Activities (Table 3) 
 
Protective Relay 


 a. Check that settings are correct on relays and match settings in office 
.   
 Non-Microprocessor Relay (Steps b and c) 


b. Electrically test relays at apparatus change order (ACO) settings using 
ENOSERV Program, test set, or manufacturer’s instruction literature.  Document 
results below for the appropriate frequency or attach test report. 


 
Frequency Pickup  Range  (Hz)  Measured Trip frequency (Hz)  


 
 c.  Check box if calibration was necessary.  


 
 


Maximo Circuit #      Date     
Maximo WO #      Tested by/Initial:   
Maximo Equip.#      Name:     
        


Step 1-59.3 Hz  59.25 to 59.35 Pass/Fail 
  


Measured Trip Time (cycles) 
Step 2-59.0 Hz  58.95 to 59.05 
Step 3-58.7 Hz  58.65 to 58.75 
Frequency Time  10 cy to 14.5 cy     Pass/Fail 
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Title: Under Frequency Load Shedding (UFLS) equipment  
           Testing Procedure             
Former ED or Memo # Memo 712                       
 


Microprocessor Relay (Steps d and e) 
 d. Verify operation of the relay inputs and outputs that are essential to proper 


functioning of the Protection System. 
 e. Use ENOSERV meter test or test set to verify acceptable measurement of power 


system voltage/frequency values. (AD convertor is working properly for voltage 
inputs.) 


 
Voltage Sensing device 
       f.  Verify that voltage signal values are provided to the protective relays inputs. 
Expected PT Voltage:            Measured PT Voltage:    
 
Protection System dc supply 
      g.  Verify Protection System dc supply voltage at the trip output of the relay. 
Expected Voltage DC:                       Measured Voltage DC:    
 
Control Circuitry 


 h.  Verify relay output trips LOR and/or tripping auxiliary devices associated with 
UFLS. 


 i.  If the breaker/interrupting device is 115 kV or greater, verify the relay output trips 
the breaker/interrupting device. 


 
Alarm Paths and Monitoring (PRC-005-2 Table 2) 


j.  Verify that the alarm path conveys alarm signals to a location where corrective 
action can be initiated. 


 Relay Alarm to Sys. Operations verified  
 
k. Process results using MAXIMO – electronic file – paper as per work plan.  Send 


testing results to ________________. 
 
Documentation: 
Include relay test report or meter command if applicable. 
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		d. Verify operation of the relay inputs and outputs that are essential to proper functioning of the Protection System.






Location   Test Date: DEC.31/2014


Manufacturer AC Volts 240  Date of Manufacture JUNE22/2003
Model # AC Amps 34   
Serial Number # DC Volts 130


DC Amps 35


Manufacturer Model # 3CC - 9  JULY15/2003
VLA or NiCad 68  F 68  F
Number of total cells.


Verify Station DC Supply Voltage (Dist. Pnl.) Volts Charge Potential per cell 2.223 Volts


Inspect DC Gnd Lights OK Positive 66.5 Negative 67.8 Average Battery Cell Voltage 2.232 Volts


Verify Float Voltage of Battery Charger .05 Volts above average 2.332 Volts


Verify Battery Continuity   (Ok) .05 Volts below average 2.182 Volts


Inspect Physical condition of Battery rack   (Ok) Below 2.13 Volts


Float Current (Current on battery loop) Amps Below 2.07 Volts


Verify Equalizing Voltage of Battery Charger Battery Cell Summed Voltage 133.929 Volts


Cell
Cell 


Condition
Electrolyte


 Level Volts
Specific 
Gravity Cell


Cell 
Condition


Electrolyte
 Level Volts


Specific 
Gravity Cell


Cell 
Condition


Electrolyte
 Level Volts


Specific 
Gravity


1 OK OK 2.248 1.221 21 OK OK 2.221 1.222 41 OK OK 2.263 1.224
2 OK OK 2.263 1.226 22 OK OK 2.234 1.227 42 OK OK 2.263 1.225
3 OK OK 2.241 1.224 23 OK OK 2.229 1.225 43 OK OK 2.212 1.227
4 OK OK 2.18 1.221 24 OK OK 2.239 1.226 44 OK OK 2.275 1.224
5 OK OK 2.197 1.224 25 OK OK 2.231 1.224 45 OK OK 2.275 1.226
6 OK OK 2.19 1.224 26 OK OK 2.248 1.225 46 OK OK 2.214 1.224
7 OK OK 2.239 1.228 27 OK OK 2.243 1.226 47 OK OK 2.199 1.224
8 OK OK 2.236 1.226 28 OK OK 2.226 1.223 48 OK OK 2.192 1.223
9 OK OK 2.231 1.226 29 OK OK 2.234 1.225 49 OK OK 2.202 1.224


10 OK OK 2.239 1.229 30 OK OK 2.251 1.225 50 OK OK 2.185 1.223
11 OK OK 2.219 1.224 31 OK OK 2.243 1.226 51 OK OK 2.187 1.221
12 OK OK 2.231 1.222 32 OK OK 2.248 1.226 52 OK OK 2.248 1.225
13 OK OK 2.258 1.224 33 OK OK 2.251 1.225 53 OK OK 2.243 1.224
14 OK OK 2.249 1.223 34 OK OK 2.236 1.223 54 OK OK 2.243 1.223
15 OK OK 2.234 1.225 35 OK OK 2.226 1.223 55 OK OK 2.243 1.223
16 OK OK 2.219 1.223 36 OK OK 2.209 1.219 56 OK OK 2.27 1.224
17 OK OK 2.239 1.224 37 OK OK 2.173 1.223 57 OK OK 2.258 1.226
18 OK OK 2.234 1.225 38 OK OK 2.219 1.224 58 OK OK 2.239 1.226
19 OK OK 2.236 1.224 39 OK OK 2.221 1.223 59 OK OK 2.253 1.227
20 OK OK 2.243 1.224 40 OK OK 2.236 1.225 60 OK OK 2.221 1.226


 log X.XXX  
 


Notes:  


7.  Equilize batteries calculation - (.05V/ +.1V) if individual cell float voltages(s) deviate from the average value.
7.  Float Current = Battery Charger Amps (-) DC Load Amps
8.  General appearance and cleanliness of the battery, the battery rack and battery area
9.  Safety Protective Equipment:  a) Goggles  b) Acid-resistant gloves  c) Protective aprons  d) Portable or stationary water facilities for rinsing eyes and skin in case of contact with
     electrolyte  e) Class C fire extinguisher


Notes:


Tested By


Volts  (141V-144V)


60


Test Results Calculated Values
133.4


133.4


OK


OK


0.03


140.7


Volts  (133V-136V)


XX & YY


1.  Float voltage measured at battery terminals and Battery Charger on
2.  Battery continuity tested with battery charger off and clamp-on ammeter in battery circuit
3.  Battery ground, check for lights on charger, check dc volts from positive and negative to station ground grid.
4.  Specific Gravity tests should be made under normal float conditions.  (readings measurements are not as accurate for the first few weeks after a battery , a)  recharged,  
 b)  Equilizing charge  c)  Water addition.  Highes SG at the bottom of cell, lowest at top, average of Top, middle and bottom should used for actual electrolyte specific gravity of a cell.
5.  Specific Gravity normal range is 1.210 - 1.300
6.  Use cell voltage from Bite tester, compare a test cell using a digital voltmeter.


Specific Gravity range is 1.205 to 1.220.  Battery condition is good.  We had some cracking going on on some batteries (we epoxyed them).  Charger looks good and operates well.


Ambient Temperature Battery Temperature
Installation Date


996556 / 456820 BF


XXXX
VLA


Annual Battery and Battery Charger Test Report


Station Batteries Nameplate


Exide 
SCRF130 - 1 - 25 - E


Substation X


Battery Charger Nameplate





		Sheet1
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Location: Techs: Test Date:(yyyy-mm-dd)


Manf: Date Installed: Capacity Test X New Install X Other
No. of Cells: Capacity: AH@ 8 hrs
Type: Disch. Curr. @ 25C: Battery  : Cell  :


Avg. Cell Temp.: deg C Float Current:
K factor : Test start time: Initial: milliamps  Date:
Corr. Disch. Curr: Test stop time: Recharge: milliamps  Date:
Planned Test Duration: mins. Actual Discharge time: mins. Calculated Capacity:


Battery Discharge/Capacity Test Report
ANYWHERE SUBSTATION R2D2 2/1/2011


Battery Data Reason for Report
C&D 12/5/2010


59 200 End Of Discharge Low Voltage Limits
PbCa 25 103.3 1.750


15
1.11 10:00


(hh:mm)
17.0 2/1/2011


22.523 18:25 3/31/201122.0


480 505 105%
Time Initial 1st HR 2nd HR 3rd HR 4th HR 5th HR 6th HR 7th HR 8th HR 18:25 10th HR End of Rechgd
Batt V 131.0 117.7 117.2 116.3 115.5 114.5 113.3 111.8 130.4
Cell VPC VPC


109.9 108.7 Test SG
Measured Cell  Voltages


1 2.213 2.001 1.994 1.979 1.969 1.950 1.932 1.909 1.884 1.871 1.117 2.216
2 2.221 1.998 1.990 1.976 1.965 1.944 1.924 1.898 1.871 1.855 1.110 2.217
3 2.216 2.000 1.992 1.979 1.968 1.948 1.929 1.907 1.883 1.870 1.110 2.216
4 2.197 2.001 1.991 1.976 1.965 1.944 1.923 1.897 1.869 1.855 1.111 2.206
5 2.192 2.002 1.993 1.978 1.967 1.946 1.926 1.901 1.876 1.861 1.114 2.209
6 2.193 2.002 1.994 1.979 1.967 1.948 1.930 1.906 1.880 1.869 1.112 2.207
7 2.194 1.989 1.981 1.967 1.955 1.934 1.914 1.887 1.858 1.840 1.102 2.206
8 2.202 1.989 1.979 1.964 1.952 1.930 1.910 1.881 1.847 1.826 1.094 2.220
9 2.201 1.988 1.985 1.966 1.954 1.933 1.912 1.885 1.856 1.838 1.100 2.216
10 2.214 1.995 1.987 1.974 1.963 1.942 1.923 1.898 1.872 1.854 1.107 2.216
11 2.220 2.000 1.991 1.976 1.964 1.943 1.923 1.897 1.869 1.852 1.113 2.220
12 2.211 1.995 1.987 1.973 1.962 1.940 1.920 1.895 1.866 1.864 1.110 2.214
13 2.212 1.998 1.991 1.976 1.964 1.945 1.927 1.902 1.878 1.858 1.106 2.217
14 2.226 2.000 1.991 1.977 1.965 1.944 1.926 1.900 1.874 1.858 1.114 2.224
15 2.206 1.996 1.988 1.973 1.963 1.943 1.924 1.899 1.872 1.879 1.111 2.211
16 2.214 2.003 1.995 1.982 1.972 1.952 1.935 1.912 1.889 1.870 1.111 2.215
17 2.211 2.002 1.993 1.980 1.970 1.949 1.931 1.906 1.883 1.871 1.104 2.217
18 2.197 1.997 1.989 1.975 1.964 1.945 1.927 1.903 1.877 1.865 1.104 2.220
19 2.220 1.994 1.985 1.970 1.959 1.937 1.918 1.889 1.858 1.840 1.104 2.217
20 2.231 1.998 1.989 1.974 1.962 1.941 1.921 1.893 1.864 1.845 1.108 2.220
21 2.223 1.996 1.987 1.973 1.962 1.941 1.922 1.894 1.866 1.850 1.107 2.220
22 2.223 2.000 1.991 1.978 1.967 1.946 1.928 1.903 1.879 1.865 1.114 2.219
23 2.224 1.997 1.987 1.973 1.961 1.940 1.920 1.892 1.861 1.842 1.099 2.224
24 2.219 1.997 1.989 1.975 1.964 1.943 1.924 1.898 1.871 1.858 1.095 2.218
25 2.197 1.989 1.981 1.966 1.954 1.933 1.913 1.886 1.853 1.835 1.104 2.212
26 2.205 1.989 1.979 1.964 1.951 1.930 1.909 1.880 1.843 1.820 1.105 2.220
27 2.207 1.990 1.981 1.967 1.955 1.934 1.914 1.888 1.857 1.843 1.106 2.215
28 2.199 1.991 1.981 1.967 1.956 1.934 1.914 1.887 1.852 1.835 1.114 2.208
29 2.186 1.996 1.986 1.972 1.961 1.939 1.920 1.893 1.865 1.849 1.106 2.208
30 2.216 1.988 1.987 1.969 1.952 1.931 1.913 1.887 1.859 1.846 1.100 2.229
31 2.232 1.995 1.987 1.974 1.962 1.941 1.922 1.895 1.866 1.850 1.100 2.217
32 2.242 1.990 1.981 1.967 1.955 1.931 1.911 1.880 1.841 1.819 1.110 2.221
33 2.228 1.991 1.981 1.968 1.955 1.934 1.914 1.885 1.848 1.827 1.105 2.215
34 2.235 1.996 1.987 1.973 1.962 1.940 1.921 1.893 1.861 1.846 1.109 2.220
35 2.244 1.996 1.986 1.972 1.960 1.937 1.918 1.890 1.855 1.838 1.117 2.225
36 2.237 1.997 1.989 1.976 1.964 1.944 1.925 1.900 1.873 1.858 1.113 2.223
37 2.230 1.995 1.985 1.972 1.961 1.940 1.923 1.897 1.869 1.857 1.117 2.213
38 2.232 1.998 1.988 1.973 1.962 1.939 1.920 1.893 1.861 1.845 1.111 2.217
39 2.232 1.995 1.984 1.971 1.958 1.937 1.917 1.889 1.857 1.840 1.111 2.214
40 2.229 1.991 1.982 1.969 1.957 1.936 1.915 1.888 1.855 1.837 1.113 2.215
41 2.240 1.991 1.981 1.966 1.954 1.931 1.911 1.881 1.842 1.820 1.110 2.223
42 2.232 1.992 1.983 1.969 1.956 1.935 1.916 1.888 1.853 1.837 1.110 2.216
43 2.227 1.991 1.982 1.969 1.955 1.934 1.915 1.886 1.851 1.836 1.106 2.218
44 2.238 1.991 1.980 1.967 1.954 1.933 1.913 1.884 1.847 1.827 1.107 2.218
45 2.235 1.992 1.983 1.969 1.958 1.936 1.917 1.889 1.858 1.841 1.108 2.218
46 2.244 1.991 1.981 1.968 1.955 1.935 1.915 1.886 1.851 1.835 1.100 2.223
47 2.242 1.993 1.983 1.969 1.957 1.934 1.912 1.883 1.847 1.828 1.095 2.224
48 2.235 1.990 1.981 1.967 1.954 1.933 1.913 1.883 1.847 1.829 1.095 2.216
49 2.234 1.983 1.973 1.959 1.947 1.924 1.905 1.873 1.830 1.806 1.105 2.220
50 2.214 1.981 1.970 1.954 1.942 1.917 1.894 1.858 1.783 1.653 1.105 2.216
51 2.212 1.982 1.971 1.956 1.943 1.920 1.898 1.867 1.815 1.779 1.109 2.209
52 2.231 1.989 1.980 1.967 1.954 1.933 1.913 1.888 1.855 1.840 1.100 2.228
53 2.230 1.992 1.981 1.967 1.956 1.933 1.913 1.886 1.852 1.835 1.103 2.229
54 2.230 1.991 1.981 1.968 1.955 1.934 1.916 1.889 1.857 1.848 1.107 2.225
55 2.220 1.991 1.981 1.968 1.957 1.935 1.916 1.890 1.837 1.816 1.108 2.219
56 2.218 1.989 1.978 1.964 1.951 1.928 1.907 1.877 1.837 1.828 1.105 2.215
57 2.234 1.988 1.977 1.964 1.952 1.929 1.910 1.882 1.847 1.859 1.107 2.223
58 2.221 1.993 1.983 1.971 1.959 1.940 1.922 1.899 1.872 1.863 1.108 2.211
59 2.227 1.993 1.985 1.972 1.962 1.941 1.924 1.901 1.875 1.867 1.110 2.218
60
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 LOW !


Site Notes:


Comments:


108.65 130.83


Time Initial 1st HR


Error 0.01 V 0.07 V 0.10 V 0.03 V -0.07 V
Min. 2.186 1.981 1.970 1.954 1.942 1.653


Cell Voltage Analysis Continued From Page 1


Avg. 2.220 1.994 1.985 1.971 1.959 1.938 1.918 1.891 1.859 1.841 1.107 2.217
Totals: 131.00 117.63


2nd HR 3rd HR 4th HR


1.094 2.206
-0.43 V


5th HR 6th HR 7th HR 8th HR


1.858 1.7831.917 1.894
0.19 V 0.13 V


18:25 10th HR EOT SG Rechgd


0.23 V 0.23 V 0.05 V
117.10 116.27 115.57 114.31 113.17 111.57 109.67





		new example






Communication Relays: Refer to GD-0700, GD-0705 and GD-0720 for additional information 


Maintenance 
The maintenance procedure for communications relays will follow the manufacturers 
recommended procedure document in the relay’s associated Instruction manual. These manuals 
are available at the station, in the possession of the tester, the contractor’s office, from 
manufacturer website or from the ATC system protection office. It should be noted that the proper 
functioning of a communication scheme is dependent on proper functioning of the communication 
relay as well as the communication path. As such, components of the communication path may 
need maintenance or calibration. The maintenance procedure will include but is not limited to: 
  1. Check tightness of all connections 
  2. Visual inspection of the relay for defects 
  3. Visual inspection of protective gaps 


 
Testing 


The testing procedure for communication relays will follow the manufacturer’s recommended 
procedure documented in the relays associated Instruction Manual. These manuals are available 
at the station, in the possession of the tester, the contractor’s office, from manufacturer website or 
from the ATC system protection office. The testing procedure will include but is not limited to: 
  


1) Transmitter:  
a) Test and Record As Left values. 


• Output Power Level (Guard and Trip) 
• Reflective power level (Guard only) 
• Measure frequency (guard and trip) 


 
b) Verify keying input(s) are functional 


 
2) Receiver: 


c) Test and Record As Left values 
•   Received Signal level(s) (guard, trip and transfer trip if applicable). 


d) Verify receiver outputs 
 


3) Transmitter-Receiver or Transceiver: 
e) Provide As Left test file. 
f) Verify all control circuit protective input paths are functional. (If applicable) 
g) High light in orange each proven path on the schematic. (If applicable) 
h) Verify Alarm contact to Control Center. 


 
Calibration 


In the course of testing if the relay is found not to meet the manufacturer’s tolerance or a repair is 
necessary, the relay will be calibrated according the manufacturer’s recommended procedure. 
Calibration may be required on the communication relay, and/or the components in the 
communication path (tuner, wave trap, CCVT, audio circuits). Upon completion of the calibration 
procedure, the relay will be tested per the testing procedure above. 


 
Repair or Replacement 


The relay will not be returned to service if it does not pass testing and calibration procedures.  In 
these cases, the relay may need to be repaired or simply replaced.  All repairs shall be 
documented by creating an unplanned maintenance order within the Cascade system.  These 
orders will be updated and closed upon final repair of the failed relay.  


 
The replacement of relays will be completed under the direction of the System Protection group, Asset 
Manager of relays, Substation Maintenance Specialist and the Cascade administrator. 
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RTS Relay Test Results 
 


 
 


 


Lib Routine: TCF-10B._LIB AF/AL: AL Pass/Fail: PASS 


Lib Version: Test Date: 12/10/2014 


Relay Data: 


Substation: XYZ 


Line_Location: wwww51 


Device_No: 85 


Company_No: 000339 


Number: RLY-000-000 


Phase: C 


Panel_No: 11 


Manufacturer: Pulsar 


Type: TCF-10B 


Test_Location: wyz 


Division: WYZ 


Technology: SOLID STATE 


Compliance_Type: 


Test_Procedure: TCF-10B 


Style_Catalog: C2M1B2SND 


Serial_Number: TC-10B 2594 


Instruction_Book: 


Firmware_Version: 


Calibration_By: abc 


Calibration_Date: 5/10/2010 


Tested_By: abc 


Test_Date: 12/10/2014 
Global Defines: 


Routine Notes: 


Replace wave trap, tuner, and CCVT. 


Relay Settings Used for Testing: 


TX_GUARD_FREQ= 169.25 


TX_TRIP_FREQ= 168.75 


TX_DTT_FREQ= 0 


TX_OUTPUT_POWER_LOW= 1 


TX_OUTPUT_POWER_HIGH= 10 


%_REFLECTIVE_POWER= 0.53 


RETURN_LOSS= 22.82 


RX_GUARD_FREQ= 171.25 


RX_TRIP_FREQ= 170.75 


RX_DTT_FREQ= 0 


RX_LEVEL_AT_KNIFE_BLADE= 15.2 


RX_SENSITIVITY= 0 


MARGIN= 15 


SKEWED_HYBRID_TX_SEPARATION= 35.47 


SKEWED_HYBRID_TX_LOSS= 0.9 


SKEWED_HYBRID_RX_LOSS= 13.5 


RESISTIVE_HYBRID_TX_SEPARATION= 24 


RESISTIVE_HYBRID_TX_LOSS= 3 


SPARK_GAP= 0.030 


Sample 


communication test 


documentation 
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Relay Test Results for: CARRIER MANUAL TEST 


ACTION 


VERIFIED INPUTS/OUTPUTS PASS 


VISUALLY INSPECTED CARRIER FOR DEFECTS PASS 


THE CARRIER FUNCTIONAL TESTED PROPERLY 


AND VALUES BELOW WERE VERIFIED PASS 


*************TRASMITTER  SECTION************* 


TX POWER LOW 


1.000 WATT 


TX POWER HIGH 


10.000 WATTS 


RETURN LOSS 


22.820 DB 


REFLECTIVE POWER 


< 0.530 % 


**************RECEIVER SECTION************* 


RX SENSITIVITY 


0.000 MV 


RX LEVEL AT KNIFE BLADE 


15.200 DB 


MARGIN 


15.000 DB 


 


VERIFIED RX ACTIVE STATE (TRIP, UNBLOCK, 


BLOCK, AND DTT IF APPLICABLE) 


LEVELS AND FREQUENCIES ON CARRIER RECEIVER CLI METER. PASS 


***********SKEWED 


TX SEPARATION 


35.470 DB 


HYBRID SECTION*********** 


TX LOSS 


0.900 DB 


RX LOSS 


13.500 DB 


*********RESISTIVE HYBRID SECTION********** 


TX SEPARATION TX LOSS 


24.000 DB 3.000 DB 


 


*********LINE TUNER SECTION********** 


SPARK GAP 


0.030 INCHES 


Relay Results (continued) for: TCF-10B.WPSC2183512102014AL 


 


 


 


 


 


 


 


 


 


 


 


 
TX GUARD FREQ TX TRIP FREQ TX DTT FREQ 
169.250 KHZ 168.750 KHZ 0.000 KHZ 


 


 


 


 


 


 
 


RX GUARD FREQ RX TRIP FREQ RX DTT FREQ 
171.250 KHZ 170.750 KHZ 0.000 KHZ 
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RTS Relay Test Results 
 


 
 


 


Lib Routine: PROTECTION COMM SYS.FST_LIB AF/AL: AL Pass/Fail: PASS 


Lib Version: Test Date: 04/02/2014 


Relay Data: 


SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: NOT SCANNED 


SCAN_ERROR_INFO:   OPERATING_COMPANY: 


SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 


SUBSTATION 


SYS_PROTECTION_ID: BES LZOP_NAME:  ERO 161KV 


OPERATING_STATUS: INSERVICE NAME: ERO DR-XR P 


TYPE: RELAY-COMM DATETESTED: 3/24/2014 


TESTED_BY: W12345 TESTED_BY2: 


TESTED_BY3: TESTED_BY4: 


COMM_FUNCTION: RELAY COMMUNICATION COMM_MEDIUM: DIGITAL 


COMM_OPERATION: RECEIVER/TRANSMITTER SCHEMETYPE: PERMISSIVE OVERREACH 


(POR) 


COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 


CURRENT_TESTDATE: 4/2/2014 
Global Defines: 


Routine Notes: 


Relay Settings Used for Testing: 
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Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 


 


 


 


Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  


 OK? 


Relay Test Results for: TESTING_PROGRAM_SELECTION  


 OK? 


Relay Test Results for: ASSET_MANAGEMENT  


 OK? 


Relay Test Results for: *** SELECT COMMUNCIATON MEDIUM *** 


 
SELECT COMMUNICATION V4.0 01/10/2013 


SELECT COMMUNICATION MEDIUM 


 


( ) CARRIER 
( ) TELECOMM 
(O) DIGITAL 


Relay Test Results for: FUNCTIONALITY TESTS 


 
FUNCTIONALITY TESTS V4.0 01/10/2013 


---------------------FUNCTIONALITY TESTS-------------------------------- 


A.  FUNCTIONALITY TESTS SHALL BE PERFORMED BY ONE OF THE THREE METHODS 


I. SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING. 
-TESTING THE COMPLETE PROTECTION SUBSYSTEM AT DIFFERENT LOCATIONS 
USING TIME SYNCHRONIZATIONS.  INCLUDES RELAYS AND COMMUNICATION 
DEVICES. 


II.  NON-SYNCHRONIZED END TO END PROTECTIVE SYSTEM TESTING 
-MANUALLY INITIATE REMOTE COMMUNICATION INTERFACE TO VERIFY LOCAL 
PROTECTION SYSTEM. 


III. SINGLE END TESTING 
-UTILIZES THE LOCAL RELAY AND LOOPED BACK COMMUNICATION EQUIPMENT TO 
VERIFY LOCAL SCHEME FUNCTIONALLY. 


WHAT TEST METHOD WILL YOU BE USING? 


END TO END(O) END TO END( ) SINGLE END( ) 
SYNC NO SYNC NO SYNC 


 


IS THIS MORE THAN A TWO TERMINAL LINE? [ ] (CLICK IF YES) 
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Relay Results (continued) for: PROTECTION COMM SYS.FSTPB0775204022014AL 
 


 


 


Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 
 


 
 


OPERATION OF ALARMS/INPUTS/OUTPUTS V4.0 01/10/2013 
 


-----VERIFY PROPER FUNCTIONALITY OF SCHEMES----- 
 


 
FUNCTION TEST ALARMS TO CONTROL CENTER 


 


[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 


 


 


 
VERIFING COMMUNICATION SYSTEM INTO CONTROL SCHEME(S) 


 


[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
 
 


 


 


 
DID THESE CHECKS MEET EXPECTATIONS? 


 


[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 
Relay Test Results for: TEST EQUIPMENT USED 


 


TEST EQUIPMENT USED V4.0 


DOES NOT APPLY FOR DIGITAL COMMUNICATION CIRCUITS. 


Relay Test Results for: DIGITAL-TEST PLAN 


 
 


DIGITAL TEST PLAN V1.0 12/18/2012 
 


-----------------DIGITAL TEST PLAN-------------------------- 
 


I. VERIFY CHANNEL PERFORMANCE AND QUALITY, AND VERIFY CHANNEL MEETS PERFORMANCE 
CRITERIA, REFER TO SOURCES SUCH AS WESTINGHOUSE 'APPLIED PROTECTIVE RELAYING', 
CHAPTER 15 OR SIMILAR, EQUIPMENT MANUFACTURE RECOMMENDATIONS, OR INTERNAL 
ENGINEERING SPECIFICATIONS. 


 


VALIDATION OF ANY DATA ERRORS OR PACKET LOSSES IF POSSIBLE? 
 


 
YES [x] NO [ ]  **NOTE: A NO REQUIRES COMMENT ENTRY. 


Relay Test Results for: TEST COMPLETION RESULTS 


 
 


TCF V3.9 02/04/2014 
 


### STATUS OF TEST RESULTS ### 
 


WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS COMM? 
[x] PASS 
[ ] FAIL 


 


IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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RTS Relay Test Results 
 


 
 


 


Lib Routine: DC-SLZLIN.FST_LIB AF/AL: AL Pass/Fail: 


Lib Version: Test Date: 04/02/2014 


PASS 


Relay Data: 


SCAN_LAST_DATE: 4/2/2014 12:14:03 PM SCAN_CHECK_RESULT: PASSED 
SCAN_ERROR_INFO: OPERATING_COMPANY:  
SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 
SUBSTATION 
SYS_PROTECTION_ID: BES LZOP_NAME: ERO 161KV 
OPERATING_STATUS: INSERVICE NAME: DC ERO 161KV 
TYPE: DC-SLZLIN DATETESTED: 2/5/2014 
TESTED_BY: W12345 TESTED_BY2: 
TESTED_BY3: TESTED_BY4: 
COMPLETIONSTATUS: 4 TESTING COMPLETED PREVIOUS_TESTDATE: 
CURRENT_TESTDATE: 4/2/2014 
Global Defines: 


Routine Notes: 


Relay Settings Used for Testing: 


Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION  


 OK? 


Relay Test Results for: TESTING_PROGRAM_SELECTION  


 OK? 


Relay Test Results for: ASSET_MANAGEMENT  


 OK? 
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Relay Results (continued) for: DC-SLZLIN.FSTPB0758804022014AL 
  


 


Relay Test Results for: TRIP PATH VERIFICATION FORM 


 


 


TPV V2.3 02/04/2014 
 


### TRIP PATH VERIFICATION FORM ### 
--------------------------------------------------------------------- 


 
1. TRIP COIL(S) OR TRIP PATHES VERIFIED: 


[x] YES[ ] NO[ ] N/A 
 


2. CIRCUITS FROM PROTECTIVE RELAYS TO LOCKOUT: 
[x] YES[ ] NO[ ] N/A 


 
3. CIRCUITS FROM PROTECTIVE RELAYS TO AUXILIARY RELAYS: 


[x] YES[ ] NO[ ] N/A 
 


4. LOCKOUT TO TRIP COILS: 
[x] YES[ ] NO[ ] N/A 


 
5. AUXILIARY RELAYS TO TRIP COIL(S): 


[x] YES[ ] NO[ ] N/A 
 


6. LOGIC CIRCUITS BETWEEN PROTECTIVE RELAYS: 
[x] YES[ ] NO[ ] N/A 


 
7. TRIP CIRCUITS FROM SUDDEN PRESSURE DEVICE TO LOCKOUT: 


[ ] YES[ ] NO[x] N/A 
 


8. VERIFICATION OF PROPER OPERATION OF ANNUNCIATOR AND SCADA POINTS: 
[x] YES[ ] NO[ ] N/A 
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Relay Results (continued) for: DC-SLZLIN.FSTPB0758804022014AL 
  


 


 


 


Relay Test Results for: TEST COMPLETION RESULTS 


 
 


TCF V3.9 02/04/2014 
 


### STATUS OF TEST RESULTS ### 
 


WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS DC CIRCUIT? 
[x] PASS 
[ ] FAIL 


 


IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
 


 
TCF V3.9 02/04/2014 


 


### TEST COMPLETION RESULTS ### 
----------------------------------------------------------------- 


TESTING TECHNICIAN: W12345 DEVICE TYPE: DC CIRCUIT 
DATE TESTED: 2/5/2014 TESTING PROGRAM:  PM -ROUTINE MAINTENANCE 


MM/DD/YYYY PASS/FAIL: PASS 
----------------------------------------------------------------- 


 


1. CONDITION AS FOUND STATUS: CONDITION AS LEFT STATUS: 
[x] OK[ ] NOT OK [x] OK [ ] NOT OK 


 
2. ENTER ADDITIONAL TESTING TECHNICIAN'S IDS (IF ANY): 


TECHNICIAN 2 
TECHNICIAN 3 
TECHNICIAN 4 


 


3. TESTED ALL LOCKOUT RELAYS?  :[x] YES [ ] NO 
 


4. TESTED ALL TRIPPING RELAYS? :[x] YES [ ] NO 
 


5. CORRECT TARGET OPERATIONS?  :[x] YES [ ] NO 
 


6. RELAYING/AUXILARY DEVICES INSPECTED AND CONTACTS WERE CLEANED? 
[x] YES 
[ ] N/A (REQUIRES COMMENT ENTRY) 


 


 


 
7. SELECT THE TYPE OF WORK PERFORMED (SELECT ALL THAT APPLY): 


[ ] REPLACED BAD COMPONENT [ ] REPAIRED 








DC Control Circuit Testing 


Circuit Power Circuit 
Breaker Id Device Tested Device Operated 


(Trip Coil, Lockout, Aux Relay) Dwg # Abnormal Operations Precautions Test Notes Pass / Fail Test Personnel Date 
115KV Line 1012 Local Breaker Pushbutton PCB 1012 Trip Coil 52T 66-123    Pass  4/15/2013 
115KV Line 1012 52CS PCB 1012 Trip Coil 52T 66-123    Pass  4/15/2013 
115KV Line 1012 21A- (OUT102) PCB 1012 Trip Coil 52T 66-123   Relay Terminals 4RDM A03-A04 Pass  4/15/2013 
115KV Line 1012 21B- (OUT102) PCB 1012 Trip Coil 52T 66-123   Relay Terminals 4RDL A03-A04 Pass  4/15/2013 
115KV Line 1012 81X PCB 1012 Trip Coil 52T 66-123   Relay Terminals 5EY 1-7 Pass  4/15/2013 
115KV Line 1012 86MT PCB 1012 Trip Coil 52T 66-123   Lockout Terminals 5EV 5-5C Pass  4/15/2013 
115KV Line 1012 POTT Receive 21A (IN102) & 21B (IN102) 66-123  Open all Trips 21A & 21B Terminals 4Q 8-9 Pass  4/15/2013 
115KV Line 1012 21A- (OUT101) Transmit Key 66-123  Turn KLS Switch to Test & Monitor DC Volts Across term 6 on KLS & 4Q7 Relay Terminals 4RDM A01-A02 Pass  4/15/2013 
115KV Line 1012 21B- (OUT101) Transmit Key 66-123  Turn KLS Switch to Test & Monitor DC Volts Across term 6 on KLS & 4Q7 Relay Terminals 4RDL A01-A02 Pass  4/15/2013 
115KV Line 1012 52A/1012 Contact 21A- (IN101) 66-123    Pass  4/15/2013 
115KV Line 1012 52A/1012 Contact 21B- (IN101) 66-123    Pass  4/15/2013 


           115KV Line 1022 Local Breaker Pushbutton 1 PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 Emergency Trip 69/1 PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 52CS PCB 1012 Trip Coil 52T1 66-126    Pass  4/15/2013 
115KV Line 1022 21A- (OUT101) PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 4RDK A01-A02 Pass  4/15/2013 
115KV Line 1022 21B- (OUT101) PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 4RDJ A01-A02 Pass  4/15/2013 
115KV Line 1022 81X PCB 1012 Trip Coil 52T1 66-126   Relay Terminals 5EY 2-8 Pass  4/15/2013 
115KV Line 1022 86MT PCB 1012 Trip Coil 52T1 66-126   Lockout Terminals 5EV 4-4C Pass  4/15/2013 
115KV Line 1022 52A/1022 Contact 21A- (IN101) 66-126    Pass  4/15/2013 
115KV Line 1022 52A/1022 Contact 21B- (IN101) 66-126    Pass  4/15/2013 


           13.8KV Generator Bkr 972 Local Bkr Pushbutton PCB 972 Trip Coil 52TC 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 52CS PCB 972 Trip Coil 52TC 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 86G PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 5EW 1-1C Pass  5/6/2013 
13.8KV Generator Bkr 972 86MT PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 5EV 1-1C Pass  5/6/2013 
13.8KV Generator Bkr 972 41 Aux. Sw. PCB 972 Trip Coil 52TC 66-132   Open Field Breaker Pass  5/6/2013 
13.8KV Generator Bkr 972 41 Pos. Sw. PCB 972 Trip Coil 52TC 66-132   Open Field Breaker Pass  5/6/2013 
13.8KV Generator Bkr 972 86CF-972 PCB 972 Trip Coil 52TC 66-132   Lockout Terminals 6AN 12-18 Pass  5/6/2013 
13.8KV Generator Bkr 972 52B/972 Contact SEL-251 (IN3) 66-132    Pass  5/6/2013 
13.8KV Generator Bkr 972 52B/972 Contact SEL-300G (IN101) 66-132    Pass  5/6/2013 


           86CF/972 Lockout  62CFX/972 62CF/972 66-132  Open all 86CF Test Switches (6AU), Jumper 52B (TB13-TB14) in PCB 972 Close PCB 972 w/52CS Pass  5/6/2013 
86CF/972 Lockout  62CF/972 86CF/972 66-51  Open all 86CF Test Switches (6AU), Jumper 52B (TB13-TB14) in PCB 972 Close PCB 972 w/52CS Pass  5/6/2013 


           PCB 972 Breaker Failure  86G SEL-251 (IN5) 66-51  Open all Trips from SEL-251 Lockout Terminals 5EW 5-5C Pass  5/8/2013 
PCB 972 Breaker Failure  SEL-300G (OUT101) SEL-251 (IN5) 66-51  Open all Trips from SEL-251 Relay Terminals 5RFB A01-A02 Pass  5/8/2013 


           Generator  46 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EB 1-10 Pass  5/8/2013 
Generator  64 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EJ 1-2 Pass  5/8/2013 
Generator  87G Phase A 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EP 1-2 Pass  5/8/2013 
Generator  87G Phase B 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EN 1-2 Pass  5/8/2013 
Generator  87G Phase C 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EM 1-2 Pass  5/8/2013 
Generator  58 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5EH 1-2 Pass  5/8/2013 
Generator  Stop Valve Contact 86G 66-112  Open all 86G Test Switches (5FK), PCB 972 Must be Closed Terminals 5V 1-4 Pass  5/8/2013 
Generator  SEL-300G (OUT201) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B01-B02 Pass  5/8/2013 
Generator  SEL-300G (OUT202) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B03-B04 Pass  5/8/2013 
Generator  SEL-300G (OUT203) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B05-B06 Pass  5/8/2013 
Generator  SEL-300G (OUT204) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B07-B08 Pass  5/8/2013 
Generator  SEL-300G (OUT205) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B09-B10 Pass  5/8/2013 
Generator  SEL-300G (OUT207) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B13-B14 Pass  5/8/2013 
Generator  SEL-300G (OUT206) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 5RFB B11-B12 Pass  5/8/2013 
Generator  32 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 6BL 1-10 Pass  5/8/2013 
Generator  SEL-251 (Trip 1) 86G 66-112  Open all 86G Test Switches (5FK) Relay Terminals 6RBA 1-2 Pass  5/8/2013 


           Frequency Relaying  81UF 81X 66-115 Latches until 52A opens Pull 1012 & 1022 Trip DC Knife Switches in Breakers, Jumper 5AA 1-2 Relay Terminals 5RFG 1-10 Pass  5/8/2013 
Frequency Relaying  81OF 81X 66-115 Latches until 52A opens Pull 1012 & 1022 Trip DC Knife Switches in Breakers, Jumper 5AA 1-2 Relay Terminals 4REB 1-10 Pass  5/8/2013 


           Main & Aux XFMRs  87MT T-PRO (OUT1) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RED 202-203 Pass  5/8/2013 
Main & Aux XFMRs  87MT/CO Switch 87MT T-PRO (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  87AT SEL-587 (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RET 205-206 Pass  5/8/2013 
Main & Aux XFMRs  87AT SEL-587 (OUT1) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RET 203-204 Pass  5/8/2013 
Main & Aux XFMRs  87AT/CO Switch 87AT SEL-587 (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  63SPR / Main XFMR 86MT 66-114  Open all 86MT Test Switches (5FL) Main XFMR Terminals SD3-SD4 Pass  5/8/2013 
Main & Aux XFMRs  49/ Main XFMR 86MT 66-114  Open all 86MT Test Switches (5FL) Main XFMR Terminals SF5-SF6 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase A 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CD 1-2 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase B 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CB 1-2 Pass  5/8/2013 
Main & Aux XFMRs  51-2AT Phase C 86MT 66-114-1 In 2400V Switchgear Open all 86MT Test Switches (5FL) 51-2AT Relay Terminals CA 1-2 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase A 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 1-10 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase B 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 11-18 Pass  5/8/2013 
Main & Aux XFMRs  50Aux / Phase C 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6BJ 11-19 Pass  5/8/2013 
Main & Aux XFMRs  SEL-251 (A3) 86MT 66-114-1  Open all 86MT Test Switches (5FL) Relay Terminals 6RBA 11-12 Pass  5/8/2013 
Main & Aux XFMRs  87MT T-PRO (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 5RED 204-205 Pass  5/8/2013 
Main & Aux XFMRs  87B1 B-PRO (OUT2) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RED 204-205 Pass  5/8/2013 
Main & Aux XFMRs  51N/BU 115/13.8 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4DZ 1-2 Pass  5/8/2013 
Main & Aux XFMRs  87B1/CO Switch 87B1 B-PRO (IN1) 66-114  Open all 86MT Test Switches (5FL)  Pass  5/8/2013 
Main & Aux XFMRs  21A- (OUT104) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RDM A07-A08 Pass  5/8/2013 
Main & Aux XFMRs  21B- (OUT104) 86MT 66-114  Open all 86MT Test Switches (5FL) Relay Terminals 4RDL A07-A08 Pass  5/8/2013 







 
Mam & Aux XFMRs  21A- !OUT1031 86MT 66-114  Onen all 86MT Test Switches!5FL1 Relm Terminals 4RDK A05-A06 Pass  5/8/2013 
Mam & Aux XFMRs  21B- !OUT1031 86MT 66-114  Onen all 86MT Test Switches!5FL1 Relav Terminals 4RDJ A05-A06 Pass   5/8/2013 
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THREE PHASE CIRCLE TEST 
 


90º 
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RTS Relay Test Results 
 


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Relay Test Results for: THREE PHASE CIRCLE TEST 
 


Z ANGLE 


60.00 
VOLTAGE 


7.000 
CURRENT 


10.562 
IMPEDANCE 


0.383 
IDEAL 


0.421 
%ERROR 


-9.09 
OK? 


PASS 
70.00 7.000 10.726 0.377 0.414 -9.09 PASS 
80.00 7.000 11.036 0.366 0.396 -7.41 PASS 
50.00 7.000 11.019 0.367 0.414 -11.51 FAIL 
40.00 7.000 11.650 0.347 0.396 -12.28 FAIL 


Lib Routine: KD-10.FST_LIB AF/AL: Pass/Fail: 


Lib Version: 1.11 Test Date: 02/25/2014 


Relay Data: 


Tested_By:  Division: General Substation:


  Terminal: Line 


Phase_Zone: A,B,C Relay_Manf: WH/ABB 


Relay_Type: KD-10 Model_Style: 719B195A10 


IEEE_Device: 21-1 IL_IB: 41-490 


Serial_Number: NA Firmware: NA 


Relay_ID: 12-1 NERC_Auditable: 0 


NERC_SubNum: 0 Maint_Interval: 0 


Previous_TestDate: 2/6/2010 Current_TestDate: 2/25/2014 


Next_TestDate: TestSet_CalDate: 


Approved_By: 


Routine Notes: 


Current & voltage (68-779) 


Compare current on 15RA30,31,32 to 15CH8,12,16 


measure volts on relays 7,8,9 


DC (68-788) 


94A WIL on Panel 15R 


Relay Test Results for: THREE PHASE MAX TORQ TEST 


ANGLE 1 ANGLE 2 MAX TORQUE IDEAL  RANGE   OK? 


85.00  46.00  65.50 60.00 50.00  TO 70.00 PASS 


Relay Test Results for: THREE PHASE REACH TEST 


Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR  OK? 


60.00  7.000 10.562  0.383 0.421 -9.09 PASS 
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KD-10.FST20941 Relay Results (continued) for: 
 


 


PHASE A -B CIRCLE TEST 
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Relay Test 


ANGLE 1 


91.00 


Results for: 


ANGLE 2 


49.00 


PHASE A-B 


MAX TORQUE 


70.00 


MAX TORQ TEST 


IDEAL 


75.00 70.00 


 


 


RANGE 


TO 80.00 


 
 


OK? 


PASS 


Relay Test 


Z ANGLE 


75.00 


Results for: 


VOLTAGE 


7.000 


PHASE A-B 


CURRENT 


8.981 


REACH TEST 


IMPEDANCE 


0.390 


 
 


IDEAL 


0.421 


 


 


%ERROR 


-7.41 


 
 


OK? 


PASS 


Relay Test Results for: PHASE A-B CIRCLE TEST    


Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.981 0.390 0.421 -7.41 PASS 
85.00 7.000 9.288 0.377 0.414 -9.09 PASS 
95.00 7.000 9.824 0.356 0.396 -9.91 PASS 
65.00 7.000 9.035 0.387 0.414 -6.54 PASS 
55.00 7.000 9.292 0.377 0.396 -4.77 PASS 
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Relay Test 


ANGLE 1 


102.00 


Results for: 


ANGLE 2 


45.00 


PHASE B-C 


MAX TORQUE 


73.50 


MAX TORQ TEST 


IDEAL 


75.00 70.00 


 


 


RANGE 


TO 80.00 


 
 


OK? 


PASS 


Relay Test 


Z ANGLE 


75.00 


Results for: 


VOLTAGE 


7.000 


PHASE B-C 


CURRENT 


8.399 


REACH TEST 


IMPEDANCE 


0.417 


 


 


IDEAL 


0.421 


 


 


%ERROR 


-0.99 


 


 


OK? 


PASS 
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KD-10.FST20941 Relay Results (continued) for: 
 


 


PHASE B-C CIRCLE TEST 
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PHASE C-A CIRCLE TEST 
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Relay Test Results for: PHASE B-C CIRCLE TEST    


Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.399 0.417 0.421 -0.99 PASS 
85.00 7.000 8.528 0.410 0.414 -0.99 PASS 
95.00 7.000 9.026 0.388 0.396 -1.96 PASS 
65.00 7.000 8.528 0.410 0.414 -0.99 PASS 
55.00 7.000 8.850 0.396 0.396 0.00 PASS 
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Relay Test 


ANGLE 1 


105.00 


Results for: PHASE C-A MAX TORQ TEST 


ANGLE 2 MAX TORQUE IDEAL  RANGE   OK? 


41.00  73.00 75.00 70.00  TO 80.00 PASS 


Relay Test 


Z ANGLE 


75.00 


Results for: PHASE C-A REACH TEST 


VOLTAGE CURRENT IMPEDANCE 


7.000 8.150 0.430 


 


 
IDEAL %ERROR OK? 


0.421 2.04 PASS 


Relay Test Results for: PHASE C-A CIRCLE TEST  


Z ANGLE VOLTAGE CURRENT IMPEDANCE IDEAL %ERROR OK? 
75.00 7.000 8.150 0.430 0.421 2.04 PASS 
85.00 7.000 8.275 0.423 0.414 2.04 PASS 
95.00 7.000 8.761 0.400 0.396 1.01 PASS 
65.00 7.000 8.191 0.427 0.414 3.09 PASS 
55.00 7.000 8.496 0.412 0.396 4.17 PASS 
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Relay Test Results for: TARGET 


PICKUP CURRENT 


1.500 


DROPOUT CURRENT 


0.300 


TEST 


RANGE 


1.000  TO  


2.400 RANGE 


0.000 TO 2.400 


 


 


OK? 


PASS 


OK? 


PASS 
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KD-10.FST20941 Relay Results (continued) for: 
 


 


 


 


Relay Test Results for: VERIFIED AC VOLTAGE & CURRENT INPUTS 


OK? 


PASS 


Relay Test Results for: VERIFIED DC CONTROL VOLTAGE 


OK? 


PASS 
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Relay Settings Used for Testing: 


[Suppressed] 








RTS Relay Test Results 
 
 


 
 


Lib Routine: SEL-421.FST_LIB AF/AL: AL Pass/Fail: PASS 


Lib Version: Test Date: 04/02/2014 


Relay Data: 


SCAN_LAST_DATE: 4/2/2014 12:14:03 PMSCAN_CHECK_RESULT: PASS 
SCAN_ERROR_INFO: OPERATING_COMPANY:  
SUBSHORTNAME: ERO SUBSTATION: ERO ISLAND 
SUBSTATION 
SYS_PROTECTION_ID: N/A LZOP_NAME: ERO 161KV 
OPERATING_STATUS: INSERVICE NAME: ERO 21P 
TYPE: SEL-421 IEEE_DEVICE: 21 DISTANCE RELAY 
PHASE: ABC DATETESTED: 3/13/2014 
TESTED_BY: W12345 TESTED_BY2: 
TESTED_BY3: TESTED_BY4: 
MANUFACTURER: SCHWEITZER MODEL: SEL-421 
STYLE:  IL_IB: 
SERIAL_NUMBER: FIRMWARE: SEL-421-2-R123-V0-Z010010- 
Z010010-D20070223 D20070223 
FIRMWAREAPPLIEDDATE: 1/1/1910 COMPLETIONSTATUS: 4 TESTING COMPLETED 
PREVIOUS_TESTDATE: 3/13/2014 CURRENT_TESTDATE: 4/2/2014 
Global Defines: 


Routine Notes: 


ECL_21P_161KV (SEL-421) COMPLIANCE & DOBLE DYNAMIC TESTED RELAY. 03/13/14 
 


Print Date: 14-Jan-2015 Page 1 of 6  







Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Relay Test Results for: DATA_BASE_STRUCTURE_VALIDATION 
 


 
OK? 


 


Relay Test Results for: TESTING_PROGRAM_SELECTION  


OK? 
 


Relay Test Results for: ASSET_MANAGEMENT  


OK? 
 


Relay Test Results for: *** SET UP COMMUNICATION ***  


OK? 
 


Relay Test Results for: VERIFY TIME AND DATE ON RELAY 
 


DAT 
03/12/2014 
=>> 


 
 
12:47:31 
=>> 


 


   
   


   
   


   
   


 •     
   


  
  


    
  TIM  
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 


Relay Test Results for: STATUS TEST 


STA 
ERO_161KV Date: 03/12/2014  Time: 12:47:50.506 
ERO_161KV Serial Number: 2009299193 
FID=SEL-421-2-R123-V0-Z010010-D20070223 CID=0x6e74 
Failures 
No Failures 


Warnings 
No Warnings 


SELogic Relay Programming Environment Errors 
No Errors 


Relay Enabled 
=>> 
Relay Test Results for: DOWNLOAD FID  


 OK? 


Relay Test Results for: DOWNLOAD RELAY SETTINGS  
 OK? 


Relay Test Results for: OPERATION OF ALARMS/INPUTS/OUTPUTS 


 
DIGITAL ALARMS/INPUTS/OUTPUTS V1.0 12/20/2012 


-----VERIFY PROPER FUNCTIONALITY OF DIGITAL INPUTS/OUTPUTS----- 
 


FUNCTION TEST ALARMS TO CONTROL CENTER 
[x]  YES [ ]  NO **NOTE: A NO REQUIRES COMMENT ENTRY. 


 
 


PERFORMED DIGITAL INPUT/OUTPUT TEST(S) 
[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 


 
 


DID THESE CHECKS MEET EXPECTATIONS? 
[x] YES [ ] NO **NOTE: A NO REQUIRES COMMENT ENTRY. 


Relay Test Results for: * RELAY CONNECTIONS *  
 OK? 


Print Date: 14-Jan-2015 Page 3 of 6  







Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 


Relay Test Results for: METER TEST 


MET 
ERO_161KV Date: 03/12/2014  Time: 12:55:05.546 
ERO_161KV Serial Number: 2009299193 


Phase Currents 
IA IB IC 


I MAG (A) 800.003 798.822 799.400 
I ANG (DEG) 0.02 -120.00 120.03 


Phase Voltages Phase-Phase Voltages 
VA VB VC VAB VBC VCA 


V MAG (kV) 93.789 93.710 93.729 162.368 162.347 162.387 
V ANG (DEG) 0.00 -119.98 119.99 29.99 -90.00 150.01 


Sequence Currents (A) Sequence Voltages (kV) 
I1 3I2 3I0 V1 3V2 3V0 


MAG 799.409 1.317 0.763 93.743 0.037 0.105 
ANG (DEG) 0.02 -21.31 43.20 0.00 -20.16 11.09 


A B C 3P 
P (MW) 75.03 74.86 74.93 224.82 
Q (MVAR) -0.02 0.01 -0.05 -0.06 
S (MVA) 75.03 74.86 74.93 224.82 
POWER FACTOR 1.00 1.00 1.00 1.00 


LEAD LAG LEAD LEAD 
FREQ (Hz) 60.00 VDC1(V) 0.00 VDC2(V) 0.00 
=>> 


 
 


VIEW RELAY'S METERING DATA.  DID VALUES MEET 
EXPECTATIONS? 


 
YES NO 
(O) ( ) 
Relay Test Results for: *** TEST NOTES ***   


  OK? 


Relay Test Results for: ELEMENT TEST   
PICKUP CURRENT IDEAL RANGE  OK? 


3.150 1.000 0.000 TO 4.000 PASS 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 


 
 
 
 
 
 
 


Relay Test Results for: LOG OUT OF THE RELAY OK? 
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Relay Results (continued) for: SEL-421.FSTPB0792504022014AL 
 
 


 


Relay Test Results for: TEST COMPLETION RESULTS 
 
 


TCF V3.9 02/04/2014 
 


### STATUS OF TEST RESULTS ### 
 


WHAT IS THE OVERALL STATUS OF ALL TESTS 
PERFORMED AGAINST THIS RELAY? 
[x] PASS 
[ ] FAIL 


 
IF YOU CHECKED FAIL, PLEASE ENTER NOTES AS TO WHY THIS RELAY DID NOT PASS 
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Title: PROTECTION SYSTEM TESTING PROCEDURE               
Former ED or Memo #: Memo112 
 
PREPARED BY: ________________       
DATE: _____________  Max Circuit # or Asset # _______________      
 
 


 
 
           
Component Type - Voltage and Current Sensing Devices according to (NERC 
PRC-005-2) Table 1-3 


 n.  Reference station AC drawings and measure the secondary current and voltage 
magnitudes at the inputs of the relays.  Measured current values are verified via 
comparison to other CT’s on that breaker, transformer, or other transmission line 
source; and if possible measured voltages are compared to other voltages within 
the substation, or simply determine if voltage levels are appropriate.  
Record meter command for a non-microprocessor relays on Voltage and Current 
Sensing Devices Data Entry Sheet (ED 787). 
 


Note: High impedance differential relays (i.e. PVD, SBD, SEL-587Z) with parallel CT connections: 
• Measure voltage induced on operating circuit quantities should appear equal to or close 


to 0, and verify all CT’s are carrying load. 
or 


• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
 
Current differential relays with parallel CT connections: 


• Measure operating circuit quantities should appear equal to or close to 0, and verify all 
CT’s are carrying load. 
or 


• Test against the presence of a short circuit CT, and verify all CT’s are carrying load. 
OR 


 p.  If the CT or VT is de-energized, verify the cable is good from the relay to the CT/VT, 
verify the current and voltage inputs of the relay work properly, and verify CT/VT turns 
ratio is acceptable.  (i.e. Large capacitors that are prevented from being in service due to 
system conditions) 


Although not required by PRC-005-2, an entity should develop their own guidelines for a tolerance 
between measured currents.   A tolerance of +/- 10% difference between measured currents and voltages 
should be acceptable. 
For polarizing, residual or neutral currents, 3IO and 3VO quantities appear equal to or close to 0. 


Version #: 14           Revised Date: 3/5/14                                               
Next Review Date: 3/5/15            Approved Date: 3/5/14 
OCS Document #: PDOC267865            Page 1 of 1 
 







