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Abstract. This article examines transformation processeghi electric power sector of the
Republic of Sakha (Yakutia), specifically the int&tipn of previously isolated power districts and
their connection to the unified power system of Hast. The processes of power transmission from
the western power district of Yakutia to the urdfipower system of the East are described, static
and dynamic stability calculations of the system performed, and conclusions are drawn based on
the calculation results.
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AnHoTanms. B cratbe paccMaTpuBarOTCsS TPaHCPOPMALMOHHBIC MPOIECCHI B AIICKTPOIHEPTECTHKE
PecniyGiukn Caxa (SIKyTHs), a MMEHHO OOBEIAMHEHHE DPaHEe H30JIMPOBAHHBIX DSHEPrOpPaiiOHOB
MEXIy cOOOM, a Takke MPUCOSNNHEHUE MX K O0OBbEIMHEHHOW dHEepreTHYecKoil cucreme BocToka.
OmnmcaHBl TPOIECCHl O BbIa4€ MOITHOCTH W3 3aMaJHOTO YHEPTeTHUECKOro paioHa SKyTuH B
00BEIMHEHHYIO PHEProcucTeMy BoOCTOKa, MpOW3BENEHBI pacueThl CTATHYECKOH M AMHAMHYECKOU
YCTOHYHNBOCTH CHCTEMBI, CIIeTIaHBI BBIBOJBI IO PE3YyIHTaTaM PAcUETOB.

Introduction. The power system of the Republic of Sakha (Yakufiather
in the text Yakutia, includes centralized and déetized power supply zones.
Centralized power supply covers 36% of the reptsblierritory, home to 85% of
the population [1].

The centralized power supply zone consists of thoeeer system regions the
Western (WER), Central (CER), and South Yakut (SYE€yions of Yakutia's
power system which currently operate as part olBastern Unified Power System
(EUPS) [2].

Until January 2019, the WER power supply system isatated from the
Yakut and Amur Unified Power Systems. The isolatedions of Yakutia had
surplus power generated from hydroelectric powantsl (HPPs), thermal power
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plants (TPPs), and diesel generators (DPPs). lnalar2019, by introducing new
220 kV overhead power transmission lines the caimeof the energy-surplus
WER with the energy-deficient CER through the SYBR well as with the EUPS,
was achieved [3].

In this work, some statistical data is taken frdm Decree of the Head of
Yakutia (Decree of the Head of the Republic of $ak¥iakutia) dated April 29,
2022 No. 2424 "On the scheme and program for tlveldpment of the electric
power industry of the Republic of Sakha (Yakuti@y 2022-2026". — URL:
https://docs.cntd.ru/document/406063293).

Power Distribution from WER. The WER power system covers the
following territories of Western Yakutia: MirninskyOlyokminsky, Lensky,
Suntarsky, Nyurbinsky, Vilyuysky, and Verkhnevilyaky uluses (districts).

WER is connected to:

— SYER via the 220 kV NPS-15 — Olyokminsk No. 1 inwad line with a
branch to the NPS-14 substation, and the 220 kV-NPS Olyokminsk No. 2
overhead line with a branch to the NPS-14 substatio

- the Irkutsk Region power grid via the 220 kV Relg — NPS-9 No. 1
overhead line, the 220 kV Peleduy — NPS No. 9 Nov&head line, the 220 kV
Peleduy — Sukhoi Log No. 1 overhead line, and @@ K/ Peleduy — Sukhoi Log
No. 2 overhead line. Under normal conditions, tB@ RV Peleduy substation is
supplied by the Irkutsk Region power grid.

A map of the Irkutsk Region power grid showing gabens and overhead
lines is shown in figure 1.
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Fig. 1. Map of the WER (220 kV overhead power linesd substations are shown in green,
and 110 kV in black), where 1 — WER, 2 - SYER,GER

The CER is connected to the SYER via the 220 kV hom— Maya 1st
circuit overhead power line and the 220 kV Tommd#laya 2nd circuit overhead
power line.

The SYER is connected to:
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— the Amur Region power grid via the 220 kV NeryangPP — Tynda
overhead power line with a branch to the NPS-1%tstiion, the 220 kV Tynda —
Nagorny overhead power line with a branch to th&sNB substation, the 220 kV
Yuktali — Khani overhead power line with a branohthhe Olekma substation, the
220 kV Prizeyskaya — Elgaugol No. 1 overhead pdimet and the 35 kV Khani —
Khani 2 overhead power line.

— the Zabaikalsky Krai power grid via the 220 kV & — Chara (BD-75)
overhead power line.

Also located in the Yakutia are 35 kV and highebstations, which are
connected to adjacent power systems in the MagRegion and are not connected
to the Yakutsk power system.

Power is supplied to the village of Chersky in thenortheast of the Yakutia
from the 110 kV Chersky substation via the 224.7 lkmg 110 kV Vstrechny —
Chersky overhead transmission line from the Challibi#& power hub in the
Chukotka Autonomous Okrug and is operated by JSakatenergo.

As of 01.01.2023, the total installed capacity @herating equipment of
power plants of the energy system of the Yakutiad81.4 MW, including HPP
957.5 MW, TPP 1073.9 MW [4].

Calculations of static and dynamic stability. This study included
calculations of the static stability of the elecatigrid in controlled sections of the
Yakutia power system, determining the potentialpattof electrical power and
energy generated by the WER hydroelectric powentplaand the dynamic stability
of the generating equipment of the Vilyui HPPs edec 1 and 2, and the
Svetlinskaya HPP. Dynamic stability calculationgevperformed to determine the
maximum permissible energy flows in the "DistriatyC and "District-
Olyokminsk" controlled sections, which are showrfigure 2.
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Fig. 2. Controlled cross-sections "District-Cityida"City-Peleduy" (marked with red
arrows)

Static stability calculations are performed for feliént coupling types
between the station generators and the receivistgsybusbars. The purpose of the
calculation is to formulate an expression for tihhgudar power characteristic and
analyze it [5].
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Static and dynamic stability calculations for thengrating equipment of the
Vilyui HPPs cascade 1 and 2, and the Svetlinskal® Wvere performed using
verified power system computational models in thacroblock format of the
Eurostag software and computing suite.

The available capacity of the Vilyui HPPs cascadearid 2, and the
Svetlinskaya HPP for the period under review 2027 is 680 MW and 189 MW,
respectively.

Calculation Results. Static and dynamic stability calculations showedt th
the available capacity of the WER hydroelectric powlants is limited by the
existing controlled cross-sections (CCS) "Dist@dtrokminsk™ and "District-City".

In the normal scheme, the criterion determining iieeximum permissible
energy flow (MPE) in the "District-Olyokminsk" antDistrict-City" CCS is the
dynamic stability of the generating equipment @& Wilyui HPPs cascade 1 and 2,
and the Svetlinskaya HPP under a standard distoebaith tripping of the 220 kV
"City-District No. 2" overhead line due to a singlease short circuit (SC) caused
by the circuit breaker failure backup device.

Therefore, the capacity of the existing power gridhe considered CCS in
the WER does not allow the WER hydroelectric powéants to deliver the
available capacity. To increase the capacity ofdbresidered CCS, the following
minimum technical solutions were proposed:

- reducing the breaker failure protection timeha 220 kV cell of the 220 kV
"City-District No. 2" overhead line at the 220 k\isict substation to 0.2 s;

— expanding the 220 kV switchgear (SG) at the 22@kstrict substation by
two line cells with connection to the existing 220 "District-City" overhead lines,
circuits | and 1;

— incorporating the 110 kV busbar junction switddCS) at the 220 kV
District substation in the normal circuit.

The implementation of the above technical solutiomd increase the
minimum operating capacity at the "District-Cityfida"District-Olyokminsk" CCS
by 43 MW. At the same time, the implementationfefsde measures does not fully
meet the regulatory requirements for the poweribdigion scheme of the Western
Yakutia power plants. A subsequent increase innth@imum permissible power
(MPP) in these compressor stations will requireniicant grid construction,
including the construction of new, extended 220dwérhead power lines.

Conclusion. This paper examines and considers developmens gathan
isolated electric power system operating until 20dith a significant surplus of
generating equipment capacity, and also analyzewngefor developing the Far
East's energy systems.

The problem with the operation of the Western Yekpbwer system stems
from the inability to quickly respond to power silyppestoration during complete
blackouts in isolated operation, as there are stesys providing redundancy.

The analysis and calculations show that significawestments from the
federal budget will be required for further devetamt of the Western Yakutia
energy sector [6]. The development of the elegower complex will spur regional
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development in local areas, the exploration of meposits, with a corresponding
increase in qualified personnel and the creatiome®f jobs.
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