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l-NWE Evaluation of Lines

 Total line charging current
* 0.07 A,sec

 CTR, TRF, FAC-008, 881
 Saturation

« Communication assisted relaying
* No taps*

« Historical loading

. H_igrl;ner loading, higher s.e.curit%/,
higher predicted availability of BCD
element
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l-Broken Conductor Reach

Low charging Zone 1 reach

current reach
Zone 2 reach

0.035A, sec

0.25A, sec

*Assumes 5A nominal relays, and
a BCCIM > 0.25A,sec
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l-Broken Conductor Reach

Z 5 h Zone 1 reach
one < reac Low charging

current reach
0.25A, sec ==
0.035A, sec

*Assumes 5A nominal relays, and
a BCCIM > 0.25A,sec
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l-Considerations for No Comm Assisted Relaying Be aware that

BCD logic does
not appear to

work for
staggered end
clearing
Low Chargin
Zone 2 reach Zone 1 reach J Hg/)
> T~
Low Charging Zone 1 reach Zone 2 reachxg

=

Understanding of BCD logic is that it is for a single phase

conductor breaking. If one end trips instantaneously, and the other

end sees the broken conductor in a delayed zone, the delayed

end will not be expected to trip because the instantaneous trip

end creates a ‘3-phase’ apparent broken conductor and the logic

blocks the element for that. 5
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l-Current NWE Implementation for comm assisted relaying schemes

*Low charging current turned off for time being, improved low
charging current implemented on one lightly loaded line, is
set to trip, evaluating performance

0.035A, sec

Zone 1 reach
Zone 2 reach one 1 reac Blind spot

/‘\-/
Blind spot g
Jj P Zone 1 reach Zone 2 reachxg
0.035A, sec

Either end DTT on
broken conductor to
eliminate blind spots

v
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l-Current NWE Implementation for no comm assisted relaying or loss of
comm

0.035A, sec

Zone 1 reach _
Blind spot

/‘\-/
Blind spot g
Jj P Zone 1 reach x&
0.035A, sec

Match Zone 1 reach to
start of remote end
Zone 1 reach

*Based on updated low charging current logic being evaluated, expectation is to update this
application to have low charging current delayed to match remote end Zone 2 delay
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process following trip (All hands on deck)

Broken Conductor

Trip

Relays block all
breaker closing

« Dedicated alarm to grid operator

Line is
patrolled/fixed

Front panel
pushbutton
unblocks both local
and remote line
breaker closes

Line closed based
on further
processes
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UNWE Observed VAR Flows

VAR
/\_/ /—\/
L ‘ L
N . . |deal, highest
Sees capacitive system [Sees inductive system ] angle change
VAR VAR

— o

Sees capacitive system [ Sees capacitive system] Challenging




l-Real Line Loading Example 1
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8 MVAR equivalent

line from charging
current test

<1 MW <1MW
6 MVAR 2 MVAR
/‘\-/ /\/
an L
Sees IA, IB, IC

Sees |A, IB, IC
unbalances fluctuating
phases between Zone 1
and Zone 2, each
phase independently

bouncing within Low
Charging Current then
Zone 1 Magnitude
persistently, each phase
independently
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l-Broken Conductor Trip — No Actual Broken Conductor Line 1

TreF = 6:32:36 PM

IB.Mag
IC.Mag

Trer = 6:32:36 PM

Trer = 6:32:36 PM
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l‘Next Day Broken Conductor Trip — No Actual Broken Conductor Line 1

2000
300

IB.Ang -4.1
IC.Ang -11

IAMag 4541837 A 1.871437 A 1A.Mag

i) S IB.Mag
IC.Mag 39.67
IC.Mag




l-Line 1 Increased Security and P
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Line Evaluation

redicted Availability

Predicted 80%
availability over time
period of pulled data

1001

== | ine Power Factor  ss===|ncreased PF Security

2001

‘ [




l-Real Line Loading Example 2
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4 MVAR equivalent

line from charging
current test

<1MW <1MW
5 MVAR 1 MVAR
/‘\-/ /\/
a8 L
Sees |A, IB, IC Sees IA, IB, IC

bouncing into the Zone
2 Magnitude frequently

bouncing within Low
Charging Current
Magnitude persistently
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l-Broken Conductor Trip — No Actual Broken Conductor Line 2

l1A.ANg
IB.Ang
B ICAng

lA.Mag
IB.Mag
IC.Mag




I1A_ANG_DIFF 1
IB_LANG_DIF

_ _DIFF
IC_ANG_DIFF

IB.Mag 17.21
IC.Mag 13.
W UPPER_REST VO

1.622763
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l-Broken Conductor Trip — No Actual Broken Conductor Line 2

+ 00

IA_ANG_DIFF 102.84187 || BTNl
IB_AMNG_DIFF 88.8831 IB_AMNG_DIFF
IC_ANG_DIFF 96.64862 IC_ANG_DIFF

1A.Mag (A)
IB.Mag (A)
IC.Mag (A)

B UPPER_REST_VOL

B UPPER_REST VOL 21.639864
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l-Broken Conductor Trip — No Actual Broken Conductor Line 2 — Remote

1A.Ang
B IB.Ang

IC.Ang

1A.Mag
IB.Mag
IC.Mag
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l‘Broken Conductor Trip — No Actual Broken Conductor Line 2

BCIAMS
BCIBAS
ECIEMS
BCICAS
BCICMS
ECIAIAS
ECIBIAS
BECICIAS
ECIDETA
ECIDETE
BCIDETC
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l‘Broken Conductor Trip — No Actual Broken Conductor Line 2
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l‘Harmonic Comparison to Line Charging Current Example
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l‘Verh‘ying CT Accuracy, Expected Imbalance, and Calculating BCCIM?

B 1AMag
IB.Mag
IC.Mag
11.Mag

B VAMag
VB.Mag
B vC.Mag
V1.Mag

Modeling tool for
unbalanced phase
capacitances?
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l‘Typical Fault, Secure Under Staggered Breaker Operation

Modeling tool for
coupling impact?

1A_SEC

= ]

IB_SEC

IB_SEC

W IC_SEC 06 S

BCCIM_ 4 B IC_SEC
BCCIM_SET

........ ~
Color Name Mag "
-
VA.Phasor | 94.97 J
VEB.Phasor | 90.85
~
VC.Phasor | 95.19 .
+ \n.

El  (APhasor | 43.65!
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l‘Bad Air Break Switch S Load Flow Impact of Series Fault

10 L =
-20
20 [[Trer=
-2 gyc 0 gyc 2 gyc 4 gyc 6 cyc 8 gyc -
-60
40 200 ms 250 ms 300 ms EE 400 ms
20 40
> 0 20 VB
= c
20 k] -
20
Trer = -40
0 cyc 2 ¢yc 4 cyc 6 cyc 8 cyc 0 cyc - -,
200 ms 250 ms 300 ms 350 ms 400 ms
PRA X
08 PFA
09 PFE &
PFB
PFC - ~
08 06 PFC
06 .
52 [T 1
200 ms 250 ms 300 ms 350 ms 400 ms
0 gyc 2 gyc 4qc 6 gyc 8 oyc 10 gyc = >
~Nve iV
Color Name 2l 1.
Color Name  Mag Angle =1
14 Phasor " v
hasor | 28.861427 kV 0.1
. P ~
VB.Phasor | 20.00067 - Eeser »
\
Phasor aex
Phasor | 29.06 o
st oo | ormes
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High Expected Availability

7 Line outages
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l-Expec:ted Avallability of Next Line to have BCD Trip Implemented

Next Line Evaluation
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l-Next Evolution
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On lines without sufficient charging
current to set a zone 1, low charging
current logic used, delayed 10 to 20
cycles.

Low charging

Low charging XQ

Either end DTT

25
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l-Next Evolution

Low charging

v

F

/—\—/
Jj Low charging Zone 1 reach ~
0.035A, sec \_i

Either end DTT
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