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Abstract: In this study, the objective is to improve the criteria used for statistical comparison of the VLF tan6 (TD)
database and failure rate according to water-tree degradation in underground distribution power cables. The aging
condition of the KEPCO criteria is divided into 6 levels using the Weibull distribution, and the “failure imminent”
condition is quantified by using the statistical end-point of the lifetime parameter of the VLF big-data group obtained
from KEPCO. Moreover, new criteria with a 2-dimensional combination of TD, DTD, and a statistical normalized factor
are suggested. These criteria exhibit high reproducibility for the detection of cables in an imminent falure state.
Consequently, it is expected that the adoption of the extended VLF-2019 criteria will reduce the asset management cost
of cable replacement compared to the VLF-2012 criteria of KEPCO.
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Table 1. Criteria of VLF TD (IEEE Std. 400.2-2013).

[x107]
Condition Time atability DTD VLF TD
assessment (STD a Uo) (at Uo)

<0.1 and| <5 |and| <4
0.1to 05 | or |5to 80 or |4 to 50
>0.5 or| >80 | or >50

No action required
Further study advised
Action required
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Table 2. VLF TD criteria (KEPCO-2012).

[x107]
- Max Max
Condition | TD STD STD Down
DTD Dev Dev
assessment| (1.0) (2.0) (1.5) grade
(1.0) (1.5)
A <10 | <05
B <20 | <12
C <60 | <6.0 | >01 03| >02|>05| D
D <10.0|<12.0| >02| =06| =03 | >10| E
E <27.0|<60.0| =07 | =22 | =14| =42| F
F >27.0 | >60.0
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Table 3. VLF TD criteria (KEPCO-2019).
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[unit: x1079
Cable STD Skirt DEV Down
1.0 Uo 15 Uo DTD DTD2 DTD3

grade (1.5 Vo) (1.5 Uo) (1.5 Vo) grade

A <10 <14 <06 <03 <02

B <20 <28 <12 <06 <04

C <55 <88 <55 <30 <22 >0.10 >0.5 D

D <9.0 <150 <120 <6.0 <45 >0.45

E <250 <50.0 <450 <250 <20.0 >1.0 >45 >3.0 F

F >25.0 >50.0 >45.0 >25.0 >20.0
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Fig. 1. STD [15 Uo] vs VLF TD [15 Ud].
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Fig. 2. Skirt [1.5 Uo] vs VLF TD [1.5 Udq].
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Fig. 3. DTD2 vs VLF TD [L5 Udq].
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Fig. 4. DTD3 vs VLF TD [15 Ud).
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