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BACKGROUND:

Manapouri power station o
e Trasnt:flurmer
200m underground === =

System Data

. . Ratedwoltage oK
i te Lt
Seven generating units
Conductor
Type copper, compacted
H Cross-secti 630 mm2
Each units GSU Tx located under ground o oon ™
Type dry cured XLPE
. Thickness 22 mm
f Longitudinal water seal of swellable tapes
Seven vertical cable shafts to AG ODS
Type lead alloy % C
. Thickness 2.8mm
Single core 630mm? Cu XLPE SWA inerShesh
T PE
Tgé)cekness 2.3mm
Armour
Type wire
Material aluminium
Thickness. 4.0mm
Outer Cover
Type PE copolymer sheath
Hon-halogen
Flame retardant
Thickness 4.4mm
Complete Cable
Diameter 108 mm
Weight 23kg/m

—(UTaErgrouna e hall

| hydro-electric station)

Meridian.

Initiating fault (Pre-Fault)

1. Units 1,2,3,4 & 7 at full load

2. Unit 6 on wicket gate ramp
testing

3. Unit 5 returned to TWD
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Initiating fault (Pre-Fault)

160

Initiating fault (Fault)

Y 4R
==  TRANSPOWER : ‘N
A VAN

Excursion Notice

To: Excursion NZ Participants From: The System Operator
Sent: 05-may-2022 12:01 Telephone: 0800 488 500
Ref: 4324388401 Email: NMData@transpower.co.nz

Revision of:

Excursion: Frequency

Time: 05-may-2022 11:41

Location: National

Affected Plant:

Sl Hz Level: 48.97 NI Hz Level:

Comments: Manapouri generation tripped.

Frequency Excursion notices are only issued if the deviation is out side 49.5 and 50.5 Hz.




Initiating fault (Fault)

1. Units 1,2,3,4 & 7 at full load

131
20
100

|
2. Unit 6 on wicket gate ramp ‘

e owingly, unit 5 sheath

voltage charges u
3. Unit 5 returned to TWD

5. Sheath voltage breaks down
insulation and shorts to earth

6. EGVR causes damage to Airpax
speed relays

7.Units 1,5, 6 & 7 trip

8. Sl grid frequency drops to
48.5Hz

Initiating fault (Fault cause)

Isolations not returned for service:

Bolted earth
(shown test fitting new bolt for padlocks)

Sheath voltage limiters
(correctly in service position)
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Initiating fault (damage)

Test Conditions

Unknown
48 %

Air Temperature
0il Temperature

Test Results

H

Test ID kv mA Watts

18 UNDERGROUND °C

Corr. Corr. Cap./ R
Fetr  %PF Ind. T

Red Phase 10.00 133.223 0.545
IR 1 MIN 49.8 g

IR 1@ MIN 53.8 g

PI

Yellow Phase o 132.826 ©.456
IR 1 MIN 38.7G

IR 18 MIN 63.76

PI 1.65

11 Blue Phase B GAR-RB B 133.964 0.446
12 IR 1 MIN 99.9G

13 IR 1@ MIN 62.2G6

14 PI .62

VENO D W N

Core Doble results v/

1.86 @.841 42839.00 pF

T

32252335228

9.034 42712.70 pF

by

N

©9.833 430875.95 pF

[T

Sheath megger results ...

Red phase: 5V
Yellow phase: 17V
Blue: 23V
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Cable
Damage

(Pitting) -

Damage
(Visual inspection) -
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Cable testing
(AKA — doing it properly)

Whe&ahthteBtige
(This timea @etiofiedadg it properly)

Murray balance

L Murray fault
circuit 2 v f

location circuit ?

|, Distance to fautt (i

|, Cable length ()

Murray test set up using Baur Shirla !

el i) fieal

1 i el
ig-bridge
2Tobias Neier. (2013). BAUR Cable Fault Location in LV, MV & HV Underground cable networks (Practical Experience)
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Wheatstone Bridge

(Glasser method)

Glasser balance

A lasser faul
circuit 2 Glasser fault

location circuit 2

Distance to fault (i) __

|,_Cable length ()

Glasser test set up using Baur Shirla !

Thttps://hvtechnologies.com/cable-sheath-fault-location-using-bridge-methods/
2Tobias Neier. (2013). BAUR Cable Fault Location in LV, MV & HV Underground cable networks (Practical Experience)

Time Domain Reflectometry

Positive reflection at the cable end,
e healthy phase (e.g. L1)

Expert Mode - BAUR Test Lesd |18 13

LN
TOR |
Add |
| |

Low resistive
cable fault

n high ©. open end |
"\ low 0, short circuit T | T
A VoA i
Change of impedance e.g. joint ol b o Mot
"\, /

Negative reflection a the faulty point (short
circuit), faulty phase (e.g. L2)

1 Tobias Neier. (2013). BAUR Cable Fault Location in LV, MV & HV Underground cable networks (Practical Experience)




Step voltage
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Cable Faults (Blue Phase)
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Meridian.




Cable Faults (Red and White Phases)
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Meridian.

Cable Repairs
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Meridian.
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Cable Repair
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Cable Repairs

Megger results v/

e R:9.3MQ
e Y:.9.3MQ
e B:15.1MQ

Test Results

No TastiD
1 Red Phase
2 IR 1 MIN 173 Gohms
3 IR 10 MIN 229 Gohms
4PIL32

6 Yellow Phase
7 IR 1 MIN 231Gohms
8 IR 10 MIN 288Gohms
9 PIL2S

11 Blue Phase
\'— 12 IR 1 MIN 215Gohms
13 IR 10 MIN 199Gohms

“‘" 14 P10.91

Meridian.

o

Doble results v

circ,
Dasc kv
GAR-RB

GARRE

GAR-RB

mA

10 133.208

10 132821

10

133.96

Watts
0.388

0.367

0.433

Mea:
%PF

s

0.029

0.028

0.032

corr,

Fetr

Com.  Cap/ R

%PF

ind. T
0.029 42831.70 pF

0.028 42706.00 pF

0.032 43075.40 pF
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Mt

TET PERMIT =3 —
o T
| st ra s

ISOLATED CABLE

Cable
Number

Date Isolation
Verified

Isolation
verified by

Project that initiated work

Gable route (to - from)

= oy Cable to be (tick all that apply)
__:1 S ?#__: ; :EE - — 10 be removed fater (1 needs investigation

ftobe leftinplace ) rerouted / reused

V=
7 )

Meridian.

Thank You!

Questions?

Electricity Engineers'
Association
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