B Tpyabl yHuBepcuteta N1 (86) - 2022

DOI 10.52209/1609-1825_2022_1_292

050013, Almaty, A. Baitursynova Street, 126/1,
*corresponding author.

UDC 621.311

Justification of the Gauses of Mass Power Outages
In Atyrau Electric Networks in January 2021

1ISAUKHIMOV Almaz, PhD, Vice-Rector, a.saukhimov@aues.kz,

1UMBETKULOV Yertugan, Cand. of Tech. Sci., Associate Professor, Head of Department, ertuganu@mail.ru,
LABIKENOVA Asel, Cand. of Tech. Sci., Associate Professor, Head of Department, a.abikenova@aues.kz,
ITUMANOVA Aitbala, Cand. of Chem. Sci., Associate Professor, ai.tumanova@aues.kz,

L*AMITOV Yernar, PhD, Senior Lecturer, ernar_amitov.91@mail.ru,

1AImaty University of Power Engineering and Telecommunications n.a. Gumarbek Daukeyev, Kazakhstan,

Abstract. The article presents the results of studies to substantiate the causes of mass power outages at 220 kV high-
voltage substations in Atyrau electrical networks in January 2021, during a period of dense fog and drizzling rain. The
degree of contamination in the operation of external insulation of electrical equipment of 220 kV outdoor substations
has been established based on laboratory results analyzes. The tests of 10S-110-1250T1 stress cone with natural
pollution at fifty percent discharge voltage have been carried out. The qualitative and quantitative composition
of collected rainwater components during the period of mass power outages has been determined. It has been
established that the main cause of spark discharges and arc overlaps of external insulation of electrical equipment
is their abnormal rapid contamination by conductive precipitation in the form of salt fog and drizzling rain. Natural
sources of pollution of electrical networks with salt deposits and the likelihood of salt fogs are noted.

Keywords: electrical equipment, external insulation, electrical discharge, power outage, pollution degree, test, salt
fog.

Introduction

In the period from January 10 to 22, 2021, at the
facilities of Atyrau electrical networks of the Republic
of Kazakhstan, there were massive emergency outages
caused by arc overlaps of the external insulation of
electrical equipment of overhead lines (OHL) and
substations (SS). The largest number of outages (more
than 80) occurred at 220 kV «Atyrau» substation, 220
kV «Inder» substation, 220 kV «Kulsary» substation,
as well as 220 kV «Tengiz» substation. At the same
time, arc overlaps of high-voltage insulators caused
short circuits, triggering of relay protection and
disconnection of outgoing power lines.

Electric (spark and arc) discharges on insulators
of electrical equipment occur, as a rule, under
adverse weather conditions [1]. On the above days,
abnormal (for the winter period) weather conditions
were recorded on the territory of Atyrau region: an
increase in air temperature with drops near zero, high
air humidity, fog, drizzling rain and melted snow.

«Salt» fogs, which cause strong spark discharges,
represent the greatest danger to electrical networks
and even arc overlaps of the outer insulation of high-
voltage electrical equipment. Such salt fogs occur in
areas of the seacoast every 5-7 years. They can move
up to 100 km inland and are associated with certain
weather conditions, including a colder flow in the air

FEFA and temperature inversion [2, 3].

In literary references, there is practically no
information about accidents in electrical networks
associated with large-scale insulation overlaps in
conditions of salt fog pollution. In some degree,
this can be explained by the reluctance of energy
companies to disclose information about accidents
for commercial reasons or to maintain their image.

In the present case, massive outages at high-
voltage substations led to significant interruptions
in power supply of the enterprises and organizations
in Atyrau region, discomfort for the population in
the winter period and even claims against energy
companies.

In the light of the above, the team of scientists
of Almaty University of Power Engineering and
Telecommunications named after G. Daukeev with
the participation of Gaivoronskiy A.S. (ass. prof.
c.t.s, Federal State Budgetary Scientific Institution,
Novosibirsk, Russia) conducted a research to
substantiate causes of mass outages at 220 kV
«Atyrau» substation, 220 kV «Inder» substation, 220
kV «Kulsary» substation, as well as 220 kV «Tengiz»
substation in the period 10 to 22 January 2021.

Research methods

To establish causes of arc overlaps of electrical
equipment insulators at the mentioned substations,
studies have been carried out based on guidelines [4,



5]:

- assessment of likelihood of arc overlaps of the
external insulation of electrical equipment due to
their natural pollution;

- determination of fifty percent discharge voltage
of the stress cone with natural pollution, which was
operated during the period of mass accidents;

- analysis of the content of chlorides and sulfates
in rainwater samples in the Atyrau region.

According to the accepted classification [4],
there are two main types of pollution that can lead
to overlapping of the external insulation of electrical
equipment:

- type A: solid impurities containing an insoluble
neutral component (sand, dust, clay, etc.) and a soluble
component (salts), which ensures the conductivity of
the pollution layer when moistened;

-typeB:liquid conductive impurities (electrolytes)
with a very low content of insoluble components or,
in its absence, deposited on the insulation surface.
This type of pollution is most often associated with
coastal areas and is created by seawater or salt fog.
Other sources of Type B pollution can be chemical
emissions and acid rains.

The formation of type B contaminants, unlike
type A, occurs quickly, especially under conditions
of conductive salt fog. At the same time, after the
termination of salt fog and drying of the insulation,
its surface remains practically clean, the pollution
does not accumulate.

The main pollution indicators of insulators by
type A are [4]:

e equivalent density of salt deposits (EDSD), mg/
cm?;
e density of insoluble deposits (DID), mg/cm?.

The measurement of EDSD and DID, as well
as chemical analysis of contamination of external
insulation of electrical equipment at substations 220
kV «Atyrau», 220 kV «Inder», 220 kV «Kulsary» and
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220 kV «Tengiz» was carried out by LLP «Republican
research center for the protection of atmospheric air»,
Atyrau.

The measurement method is adopted in
accordance with [4]. The collection of impurities from
the insulation surface was carried out from at least
two units of electrical equipment at each substation.
The impurities were collected by the swab method
separately from rib top and bottom of the insulators.
We examined 22 samples in all.

The EDSD and DID indicators 220 kV «Atyrau»
SS, 220 kV «Inder» SS, 220 «Kulsary» SS and 220
kV «Tengiz» SS are shown in Figure 1. At the same
time, the diagrams show the maximum values
of contamination of external insulation electrical
equipment of each substation separately.

The analysis of Figure 1 shows that the indicators
of contamination on insulators vary in the range:
EDSD =0.0131-0.025 mg/cm? and DID =0.022-0.06
mg/cm?. The highest values of such indicators
were observed at 220 kV «Kulsary» SS and 220 kV
«Tengiz» SS which are located closer to the shores
of the Caspian Sea (from the west) and salt marshes
(from the east).

The degree of pollution (EDSD = 0.0019-0.0064
mg/cm? and DID =0.01895-0.06276 mg/cm?) on the
outer insulation of RVS-220 kV arrester with the 220
kV «Kulsary» SS was confirmed by the laboratory
«Sibenergo diagnostics» (Novosibirsk, Russia).

To determine the classes of pollution degree in
operation (PDO), the averaged values of EDSD and
DID were plotted on typical nomograms [4], which
are shown in Figure 2.

The diagrams in Figure 2 show that EDSD and
DID indicators at the substations under consideration
relate to very light (a) and light (b) pollution [4, 5].
This degree of contamination of insulators could
not cause arc overlaps of the external insulation of
electrical equipment and lead to massive outages in
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Figure 1 — EDSD and DID indicators on insulators of 220 kV SS in Atyrau electrical networks
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- EDSD / DID averaged indicators of samples at 220 kV «Atyrau» SS;

- EDSD / DID averaged indicators of samples at 220 kV «Kulsary» SS;
- EDSD / DID averaged indicators of samples at 220 kV «Tengiz» SS;
- EDSD / DID averaged indicators of samples at 220 kV «Inder» SS;

- EDSD / DID indicators of samples from the insulator of RVS-220 kV arrester at the
«Kulsary» substation (LLC «Sibenergo diagnostics», Novosibirsk, Russia)

Figure 2 — Determination of PDO classes of type A by averaged values of EDSD and DID [4]

Atyrau electrical networks in January 2021.

In addition, the electrical equipment at the
substations under consideration has a performance
category along the creepage distance of atleast I * (for
a number of equipment — III and IV), which ensures
its reliable operation with an average degree of
pollution [6-9]. At the existing levels of light pollution
of type A, the margin of insulation dielectric strength
exceeds the permissible one by 1.5-2 times.

To determine the fifty percent discharge voltage
in case of natural pollution, in accordance with [10,
11], laboratory tests of the IOS 110-1250T1 stress cone
were carried out, taken out of service at the 220 kV
«Atyrau» SS and delivered to the Test Center of high-
voltage electrical equipment of the Branch of «JSC STC
FGC UES» - Siberia research institute (Novosibirsk,
Russia). Fragments of tests of this stress cone under
conditions of artificial humidification are shown in
Figure 3.

Table 1 shows the results of tests to determine
the fifty percent discharge voltage of the mentioned
stress cone with natural pollution in conditions of
artificial humidification and changes in the applied
voltage. In parentheses, you can see the conductivity
values measured with a megohmmeter before testing.

After test No. 8, the experiments were stopped
because of a sharp decrease in conductivity due to
the washout of natural pollution.

The protocol and test results show that the fifty

percent discharge voltage of the IOS 110-1250T1
stress cone under natural pollution is 194 kV, which
is 2.4 times higher than the normalized test insulation
voltage of 80 kV [10].

Laboratory tests of insulators used at 220 kV
«Atyrau» and «Kulsary» substations in the period
from 10.01.2021 until 22.01.2021, in the Testing
Center of high-voltage electrical equipment of the
Branch of JSC «STC FGC UES» — Siberia research
institute and the laboratory «Sibenergo diagnostics»
confirm the absence of significant pollution of type
A. They indicate that the overlapping of the external
insulation of electrical equipment in Atyrau electrical
networks in January 2021 were caused by pollution
type B, that is, conductive precipitation in the form of
salt fog and drizzling rain.

To determine the nature of pollution by type B, we
analyzed the data of the Republican State Enterprise
(RSE) «Kazhydromet» in Atyrau region, Information
bulletins on the environment situation in the Republic
of Kazakhstan for 2015-2019 and the protocols
of «Analytical Laboratory for Environmental
Protection» LLP on the study of rainwater samples
taken in the moment of drizzling rain on January
11, 2021 from the surface of insulators at «Atyrau»
Substation.

In accordance with the data of «Analytical
Laboratory for Environmental Protection» LLP, the
above rainwater has contained chloride ions (59.59%)
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Figure 3 — Fragments of tests of the 10S 110-1250T1 stress cone in conditions of artificial humidification

Table 1 — Test of stress cone 10S 110-1250T1 with natural pollution in conditions of artificial humidification

l\tle of 53:5: ATE:::::::;:T;Z@ Superficial_ e_lectric test | Specific su!ae.:rficial electric Overlapping. (+),
est KV e T conductivity, G, uS conductivity, Gsp., uS non-overlapping (-)
1 109 10 0,06 (0,14) 0,26 =
2 139 9 0,05 (0,11) 0,21 -
3 169 22 0,09 (0,14) 0,38 -
4 199 102 0,36 (0,13) 1,54 +
5 189 86 0,32 (0,22) 1,37 -
6 199 114 0,41 (0,40) 1,75 +
7 189 35 0,13 (0,33) 0,56 -
8 199 40 0,14 (0,29) 0,60 -

and sulfate ions (39.73%). In this case, the pH value
= 7.85 of the specified sample of natural water has
corresponded to the pH of seawater, the mineral
composition of which is predominantly sodium
chloride.

It is known that the presence of salts of strong
electrolytes (NaCl, Na,SO,, etc.) in humid air leads to
their hydration and a significant increase in electrical
conductivity [12].

Table 2 showssummary data on the concentrations
of chlorides and sulfates in the rainwater of Atyrau
region in recent years [13].

The analysis shows that the concentration of
electrolyte ions in rainwater at the time of mass
emergency outages (January 2021) significantly
exceeds the average concentrations of these ions for
2015-2019: chlorides — by 3.7 times and sulfates — by
1.5 times.
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Table 2 — Concentration of chloride and sulfate ions in rainwater in Atyrau region

lons 2015 2016 2018 2019 2021 (during the accident)
Chlorides,% 21,13 13,60 10,92 18,06 59,59
Sulfates, % 19,90 19,30 31,86 32,20 39,73
Discussion of the results «Inder», «Kulsary» and «Tengiz» substations

Based on the analysis of the rainwater sample and
the prevailing weather conditions during this period,
it can be concluded that in January 2021 in Atyrau
region periodically (from 10 to 11 January 2021
and from 15 to 17 January 2021), liquid conductive
precipitation fell, containing a high concentration of
chlorides and sulfates. These precipitations saturated
the air with the smallest particles of salt (salt fog)
in the regions of Atyrau electrical networks. As a
result, conditions were created for a sharp increase
in the electrical conductivity of humid air: 9.86 times
for chlorides and 3.9 times for sulfates, which led
to massive arc overlaps of the external insulation of
electrical equipment. Outages occurred at almost all
substations in Atyrau region. The largest number of
outages occurred at overhead lines and substations in
the immediate vicinity of the Caspian Sea coast, at a
distance of 5-40 km.

Findings and conclusion

The current state of contamination of the external
insulation of electrical equipment at 220 kV «Atyrau»,

corresponds to the class of light pollution according
to [4] and does not pose a danger to the operation of
the equipment.

The reason for overlapping insulation of
electrical equipment and massive outages at 220 kV
«Atyrau», 220 kV «Inder», 220 kV «Kulsary» and 220
kV «Tengiz» substations, in particular, in the period
from 10 to 11 January 2021 and January 15-17, 2021,
abnormal rapid type B insulation pollution should be
considered conductive precipitation in the form of
salt fog and drizzle.

Natural and technology-related factors can be
the probable reasons for the excess concentration
of chlorides and sulfates in the atmosphere. Type B
pollution is most often associated with the presence
of nearby seacoasts, salt lakes or salt marshes.

In Atyrau region, there are many natural and
industry-related sources of environmental pollution
with salt deposits, which, with a high degree of
probability, could contribute to the formation of salt
fog at the facilities of Atyrau electrical networks in
January 2021 [14-16].
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Ameoipay anekmp mopanmapbsiHdarel 2021 x#cbindblH KaHmMap aliviHOaFbl xannali axceipamynap cebenmepiH
Hezizdey
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fymapbek [laykees ambiHOAFbI AIMamsl 3Hep2emuKa »aHe balinaHbic yHusepcumemi, Kazakcmax, 050013,
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*aemop-KoppecrnoHoeHm.

AHOAamna. Makanaoa 2021 mbindbiH KAHMAPLIHOA KAsbIH MYMAH #aHe BYPKACLIH HayFaH MaHbbIp Ke3iHoe Amebipay
KanacbiHbIH 3n1ekmp xeninepiHiy 220 KB KOCanKbl CMaHYUAAapsIHOAFbl HOFAPbl 80A6MMbl KOCAAKbI CMAHYUANAP-
darbl xeannatli axcelpamynap cebenmepiH Hezizoey 6olibiIHwa 3epmmeynepdin Hamuxcesnepi bepineeH. 3epmxaHasnbIK
mandaynap Homuxenepi 6oliviHwa 220 KB KOCAaKbl CMAHYUAMAAPbIHbIH AUWbIK KOCA/KbI CMAHYUAAAPbIHbIH, 31eKmp
HA6ObIKMAPbLIHbIH, CbIPMKbI OKWAYAAMACbIHbIH HYMbICbIHOAFbI A1aCMaHy 0apexceci beneineHdi. Taburu nacmaHysi
6ap MOC-110-1250T1 mipeKkmi U3019MOpPbIHbIH Pa3pPAOMbIK KepHeyiHiH eny nalibi30blK MaHIHOe ColHaKmap xypaisisn-
0i. Mannal axbipamynap Ke3eHiHOe HUHAAFaH HaHObIp CybiHbIH Kypamoac 6eaikmepiHiH Kenemoik #aHe canassik
KYPamMbl GHbIKMA0bl. 31eKmp #ab0biFbIHbIH ColPMKbI OKWAYAAYbIHbIH YWKbIHObIK pa3pA0mapbiHbiH #oHe 00FasbIK
6emmik mecinydin Hezi3ai cebebi onapdbiH My30bl MyMaH XaHe XaHbbip mypiHOeai aneKmpnik emkizziumikke ue
HAYbIH-WAWbIHMEH HblA0aM HIHE WEKMEH MbIC AACMAHYbl eKeHi aHbIKMasndbl. 31eKmp mMopanmapsiHeiH my306!
weeiHdinepmeH 1aCcMaHybIHbIH, MAbUFU Ke30epi HaHe my30bl MYMAHHbIH bIKMUMAA0bIFbl amar emisnoi.

Kinm ce30ep: snekmp #ab0biKkmapbl, CbIpMKbl OKWAY/AAMA, 3AeKMp paspaosbl, axeipamy, 1acmaHy 03peMeci, CbIHAK,
my30b6l MyMaH.

0Ob60cHoB8aHUE NPUYUH MACCOBbIX OMKAYEeHUlli 8 AmMbIpaycKux aneKkmpu4veckux cemsx e AHeape 2021 200a

1CAYXUMOB Anma3z Abxcanuesud, PhD, npopekmop, a.saukhimov@aues.kz,

1YMBETKY/10B EpmyaaH Koxcazynosuy, K.m.H., 0oueHm, 3a8. kagpedpol, ertuganu@mail.ru,

LABUKEHOBA Acenb AMaH2en0UHOBHa, K.m.H., doueHm, 3a8. Kagedpol, a.abikenova@aues.kz,

ITYMAHOBA Acenb AlimeHo8Ha, K.x.H., doueHm, ai.tumanova@aues.kz,

*AMMUTOB EpHap TaHupb6epaeHynbl, PhD, cmapwuli npenodasamens, ernar_amitov.91@mail.ru,
LAamamuHcKuli yHusepcumem aHepeemuku u ceasu um. lymapbeka [aykeesa, KazaxcmaH, 050013, Aamamel,
yn. A. baiimypceiHoea, 126/1,

*aemop-KoppecrnoHOeHm.

AHHOmMayuAa. B cmamee npusedeHs! pe3yanbsmamel uccaedosaHuli o 060CHOBAHUK MPUYUH MACCOBbIX OMKAOYeHUU
HQ 8bICOKOBO/bMHbIX nodcmaHyusax MC-220 kB Ameipayckux anekmpu4yeckux cemeli 8 sHeape 2021 200a, 8 nepuod
2ycmo20 mymMaHa u mopocawe2o 00x#0A. Ha ocHose pe3ynbmamos nabopamopHbIX GHAAU308 YCMAHOB/EHbl cmere-
HU 302pA3HEHUSA 8 SKCMAyamayuu eHewHel u3oaayuu 31eKkmpoobopydosaHua omkpsimeix noocmaHyuli MC 220 KB.
lposedeHbl ucnbimaHusA ornopHo20 u3zonamopa MOC-110-1250T1 ¢ ecmecmeeHHbIM 302pA3HEHUEeM Ha namudecamu-
npoyeHmHoe 3HaYyeHUe pa3pA0OH020 HanpaxeHUA. OnpedeseH KaYecmeeHHbIl U KoaudecmaeeHHbIl cocmas KOMIOHEH-
moe 0oxc0e8bix 800, COBPAHHbIX 8 MEPUOO MACCOBbIX OMK/AOYEHU. YCMAHO8/1eHo, Ymo 0CHOBHOU Npu4YUHOU UCKPOBbIX
pa3psados u Ay208bix nepekpbimuli Hapy#cHOU U30aA4uUU 371eKmpoobopydosaHUs A8/a5emca aHOMAsAbHoe boicmpoe
302pA3HeHue UX NPo8ooAWUMU OCAOKAMU 8 8UOE COMAHO20 MYMAHA U MOPOcAwe20 00#0A. OmmeyeHsl NPUPoOHsie
UCMOYHUKU 3a2pA3HEHUA 3AeKMpu4ecKux cemeli conesoimu omsaoxeHUaMU U 8epOAMHOCMU B03HUKHOBEHUSA COMAHbIX
mymaHos.

Knrouesoie cnosa: snekmpoobopy0osaHuUe, HAPYHHAA U30AAUUA, dneKkmpuveckuli pa3pad, OmKa4YeHUe, cmeneHs 3a-
2PA3HEHUSA, UCTIbIMAHUe, COAAHOU MyMaH.
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