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Investigation €0 P Eneray

* Following the investigation of the Commercial Union Tx, the Oil Dashboard was analysed to spot any trends with
similar units.

« Our original theory of oil contamination initially led us to transformers manufactured roughly 30+ years ago.
Correlations were found between high acidity and 2-fal with units from Babcock, NEI Peebles and NI Transformers.

With the vast majority falling between at 1988-1996.

* The re-sampling and analysis of oil dashboard revealed that many of these units are suffering from very poor oil
results, and in many cases breaching the 0.5 limit for acidity. This can be seen in two trends -

« 30 year old units (Radiator Issue) Total Volume - 1806 Units (359 Babcock, 1447 NEI/Peebles/NI).

« Circa 60 year old units
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Transformers QOil Test Results
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. Chem-lx Mineral Qil - Analysis Report 233388
\Customer Scottish Power Energy Metworks [SPEN]  |Roting DOk A
Location / Site Name SPD Lanarkshire Manufocturer MEI
Substation Name suchinbes Cantre year of Manufocture 1951
Transformer Tx Sample Temp [°C) 14
Sample Paint Main Tank Baot Date Somple Token 19/05/2023
Senal Number TODLTFFIL Date Received at Lab 19/09,/2023
Valtoge Ratio 11kv Date Analysis completed 27/09/2023
. . . Typical values [BS5ENGD559:2022] for Power
Dissolved Gas Analysis Units Trans - SAMPLE RESULT
Hydregen [H2) il S0- 150 13.8
Owopgen [02) plfl Mone Given 20042
Nitrogen (M2} plfl Mone Given 63734
G Horce €5 i a0 [ —
Methane [CHA)| il 30-130 136
Carbon Dicwide (CO2) ulfl 3500 - 12000 3800
Ethylere [CZH4} il 50- 230 227
Ethane|CZHE] uifl 20-80 51
Bretylens (C2HZ) plfl 2 - 20 wo oty B0 - 2B0iconmuicting 0LTC] oo
[ Rmndes BELOW fupics! valss range ] Aanwr wWiThitd neici i romger I eaus ASSVE rrpical vk mnge
Receesmended Action Limits Tor in-service Cabegary
Physical Anabysis Units C plant. [BSEMS0432:2013, table 5] SAMPLE RESULT
'Water Content mgkg <30
'Water Content [Corrected to 20deglC) mgkg -
Acidity mgKOH/g <015
Breskdown Voltage [l =40
Colour (Visual Jf ASTM]) - Clewrand Diark andor Brown [ LE.5
Without — .
Appemrance — Visible Turbic Cloudy J Particles
Ddour — Mormal -_ Acrid Mormal
Diiclectric Dissipation Factor [DDF] 20
P — - <010 0.20-0.50 =0.50 =
Resistivity (E90degC) GOm »3 02-3 A2 =
- - 225 |unasristed) | 20 -25 [Unishib] | <20 junishiseed)
Interfacial Tension mil/m 2B {ekisnd) | 32 - 8 [Inhis) <23 (ishitind) —
- ~ED ul crigingl| 40P - EOLal | <408 of criginal
Inhibitor Content kL vl originel Vs Visluw -
—— TSN
2-Acetytfuran mgfkg — - — <005
2-Furfurylalcohal mgkg — — — 054
S-hydrooymethyl-2-furfursl mafkg - - —_ <0.05
S-methy-2-furfural mgfkg — - — 033
Totzl Polychlorinated Biphenyl (PCB} mg/kg =50 — 230 —
Passivator mgkg =70 30-70 <30 -
Dibenzyl Disulphide (DEDS) mgkg - - - -
Corrosive Sulphur — Nom Comoshea — :‘:"'I';m' =

**Ramilt ghven: sherve aw o the moeermrtos fhae mrmet g techrigse b boen s ard = sooonlano: weth B3 EN S475:301 | Method of mepiing inilatg Tsdes
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. . SPE
Radiator Header Design R Ereray

Site visits with thermal cameras, and the post-mortem of the Commercial Union unit revealed the presence of a
off-centre radiator header design. This design is prone to blockage in the presence of sludge leading to
inadequate cooling and oil flow through the radiators. In turn the high acidity created is causing corrosion of
internal lid, and high temperatures in the windings, reducing the mechanical strength of the paper. The worst
affected units appear to be situated embedded in basements or in enclosures with poor ventilation and high
humidity.

This design
N only connects
Traditional one fin to the
headers allow header inlet
for connecti from the main
to all radiator tank, rather
fins thanall 5
restricting oil
flow and

causing sludge
to form

Typical Header Design Header Design Under Investigation

Internal Use
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Unusual Tank Attached Radiator Header Design - Effects R Ereray

Due to radiator punching, there is significantly less space
within radiator fins to allow oil to circulate properly when
compared to other radiator designs

25
Internal Use
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Sampling - Colour and Smell

Transformer

Farameter Commercial Union | Murray Crescent nderhill Suchinbee CentrelSway Riverford Bd  Loreburne  [Prestwick P olice
B phase HY Top 216 323 MR 195 74 250 201
B phaze HY Bottom 245 24 A, 256 108 2649 20
B phase LY Top 17 194 474 137 1E 0z 2E4
B phase LYV Bottom a3 09 515 146 b5 129 229
E phase HY Top ave 318 PiA, 207 2k 251 230
E phase HY Bottom 235 248 A, 245 av 27 282
B phase LV Top a7 130 473 145 a7 g 254
E phase LW Bottom 124 332 B33 177 &0 1049 2
Z phaze HY Top 222 203 A, 192 an 2E0 233
Z phase HY Bottom 205 328 A, 246 101 210 273
C phase LV Top GE 147 bag 161 29 110 224
C phase LW Bottom 103 225 A4 160 45 146 222
Average Measured OF for & Phase 163 292 437 124 B5 134 267
Anerage Meazured OF for B Phase 132 297 G2 134 B 1748 270
Average Meazured OF for © Phase 1413 27k h33 130 B4 207 263
Transtormer Magimum Measured OF ave 248 hag 266 103 210 222
Transtormer Minumum Measured OF GE 147 473 137 1E g 201
Colour [ 5.5 4 E.5 g 7.5 ]
Bcidity malkg 2053 1.8E1 .54 23896 2051 164 0255
Floisture malkg &1 164 gk 101 104 183 1
2-F al From il analysis 4.85 172 042 b48 P2 [sample issues 5.51 a7
Fredicted OF from 2-F AL ['Walker Formul 2960321733 263267386 454 B140363 2081633295 231 EE0EE1S 2878146124 2E3.895644 9
Fredicted OF from 2-F AL [Chendong For 2306023604 2641347235 5390716212 220.2484113 20366913349 2196709712 173263051
Transtormer Average OF 166 288 AlE 139 B5 131 267




Investigation €0 P Eneray

* Investigations are still ongoing, but it is thought that oil supplied in the period late 1980’s to
the mid 1990’s is at risk of significant degradation within its normal expected lifetime.

* It has also been proven in switchgear (OR49) that where clean (unused or recycled) oil is
used to replace severely degraded oil in units affected by oil sludging, the clean oil may also
suffer from an increased rate of degradation after a relatively short service life. In extreme
cases the clean oil may also suffer from the effects of sludging. This is due to the catalytic
effects of the oxidation products that may remain in the tank.

* Anindicator of potentially affected oil is high levels of Furfural (extraction solvent) which is
believed to have been from the refining process.

« SPEN are still investigation the problem, but at this moment we know that a significant
number of 11kV distribution transformers and several 33kV primary transformers are affected.



Cigre A2/D1 R&D Dissemination Day €0 R0 Eneray
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