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• Failed compression sleeve on a 22-mile long 
230kV transmission line in 2015.

• Event data and test file development.
• Playback of COMTRADE event into a 411L with 

broken conductor detection (BCD) at SEL lab in 
Pullman, WA.

• Proposed 411L Settings for SMUDs system.

Agenda
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C-phase compression sleeve fails on the morning of December 17, 
2015. The 230kV line correctly trips on negative sequence 87L when 

broken conductor hits ground, clearing the fault.

Elverta (ELV)
Orangevale (ORV)

ELV-ORV 230kV Line (954MCM AAC)

46L
87L

46L
87L

Calculated break distances:
12,241' (ORV to tower 317 + 415' (to sleeve)’ = 12,656' = 2.397 miles from ORV.
101,111' (ELV to tower 316 + 600' (to sleeve)’ = 101,711' = 19.263 miles from ELV.

19.263/21.66 = 88.9% the total length from ELV.



• C-phase conductor of the Elverta – Orangevale 
230kV transmission line was the bottom phase of a 
vertical double circuit tower configuration.

• The 4,400A first fault was fed only from Elverta; the 
Orangevale conductor had not yet contacted either 
the tower or ground.

• Dual 87L differential 311L & Areva P543 relays 
(direct fiber comms) both tripped (and cross-tripped) 
on the differential developed by the Elverta-feed.

• 30 cycles later, the Orangevale terminal attempted a 
reclose, which resulted in a 9,000A Orangevale-feed 
only C-phase to ground fault and locked out. 

Protective Relay Response



Failed Compression Sleeve.



The splice failed due to two reasons; insufficient compressive 
force applied, along with insufficient cable insertion.



• Broken Conductor Detection was “unheard of” in 2015:
– Areva P543 relays have had broken conductor 

detection since 2000, using an |I2/I1| ratio detection 
method; however, SMUD never employed this.

– Low load conditions develop + seq load current 
approaching charging current, where |I2/I1| would drop 
quite low.

– Considering the delay required, not likely the relay 
would reliability detect a broken conductor before 
Newton.

– Possible uses would be for bus section breaks, LTC 
tap failures, single phase fuse operation…all of which 
are not applicable to SMUDs transmission.

BCD Detection in SMUD Relays
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Areva P543 Broken Conductor Detection Settings



COMTRADE Test File Development



• At the time of the event, there was no driver (no reason) 
to extract the COMTRADE event from either the 311L or 
P543.
– 311L .cev file was the only event extracted.

• However, the Elverta DFR captured the charging current 
and shunt fault oscillography. 

• The actual break in the conductor was never retrievable, 
based on the relay and DFR triggering settings at the 
time.

• SER data did not provide any additional information.
• Nonetheless, SEL stitched together the data from the 

311L .CEV and DFR COMTRADE event records and re-
created a COMTRADE for the event seen from Elverta.

Retrieved Event Records
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For the incremental ∠ check, 
pre-break ∠ must be <60° or 
<115°.
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For the incremental ∠ check, 
post-break ∠ must be 
between 80° and 100°.
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BCD Trip Logic Requirements

• Phase Current Magnitude Check
– After conductor breaks

• Phase Current Angle Check
• Phase Current Incremental Angle Check

– Comparison of angles pre-break and post-break
• Distance Check
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Low Charging Current Logic 
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Testing the BCD Logic

• Don’t yet know how to create a BCD 
COMTRADE test file in OneLiner:
– Can create a series fault:

• Set load current to mimic charging current with a pf = 0;
• Drops out the moment the series fault is applied.

– Test Universe/Relay SimTest may be able to 
create the files.

– May be able to scale the ELV-ORV COMTRADE 
as all lines are relatively similar.
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411L Proposed Settings for BCD

• Use both zone I and zone II without any delay:
– No planned terminal is in-and-out; zone II overreaching 

is not an issue.
– As both terminal relays trip independently, set DTT to 

trip the remote end for BCD trip determination
• Uses 87L communication bits (e.g., 87T1P1/87R01P1)

• Do not use low-charging current logic:
– Insecure method of close-in broken conductor 

detection;
– DTT allows for zone II cross-tripping

• Send reclosing block signal to 79BF recloser
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Compression sleeves 
have been reinforced 

with ClampStar bracing



Questions?

Bryan Diemer
Principal Protection Engineer (SPAC)
w. 916.732.6433 c. 916.753.5510
bryan.diemer@smud.org
6201 S Street, Mail Stop D112, Sacramento, CA 95817
P.O. Box 15830, Sacramento, CA  95852-0830

mailto:bryan.diemer@smud.org
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