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OF AUTOMATICS AT DNIESTER PSPP
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The basic stages of innovation project dedicated to the development of means enabling to identify the emergency
operation parameters at the Dniester pumped storage power plant (PSPP) have been considered. The verification results
of AVR models of Dniester PSPP are shown. The basic information and data on the designed means for automating the
steady-state and dynamic stability calculations have been provided. The structure diagram of the emergency system

prototype of Dniester PSPP is presented.
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The commissioning of the Dniester Pump-Sto-
rage Power Plant (PSPP) that, as soon as it re-
aches the installed capacity, will be the most po-
werful station of this type in Europe, prompts to
significantly change the generation structure in
the interconnected power system (IPS) of Uk-
raine both in the daily maximum (the synchro-
nous machines of the plant produce electricity)
and in the night minimum demand (the synchro-
nous machines operate in the motor mode). It is
obvious, that the emergency operation, in par-
ticular, in the case of short circuits and asynch-
ronous modes, which may be accompanied with
disconnection of the machines from the grid, will
definitely impact on the operation of the IPS of
Ukraine. Nowadays, modern digital relay protec-
tion (RP) and emergency control automatics
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(ECA) that enable performing integrated securi-
ty functions, monitoring and record of the emer-
gency events are widely used to protect the sys-
tem against such emergency modes. Taking into
account the complexity of architecture and prac-
tical implementation of such devices, this neces-
sitates the development of appropriate means for
determining the structure of relay protection for
the objects of transmission network, that enabl-
es to provide the selective operation of RP de-
vices of the Dniester PSPP in emergency situa-
tions. In addition, in order to coordinate the op-
eration of automatics for elimination of asynch-
ronous operation (AEAQO) used to protect from
asynchronous modes (AM) at the plant and the
network levels, it is also necessary to develop
means for determining the AM emergency pa-
rameters, which makes it possible to check the
effectiveness of the existing AEAO devices and
to formulate recommendations for the new ones
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Fig. 1. Calculation model of Dniester PSPP consisting of seven synchronous machines

to provide their selective operation for the grid
repair and emergency schemes.

Under such conditions, the problem of ensur-
ing the reliable operation of the Dniester PSPP
and transmission network of the IPS of Ukraine
becomes actual one enabling to <«localize» the
emergency mode and to prevent a lockout. Tak-
ing into account a significant change in the struc-
ture of generation of the national IPS as a result
of increase in the generation power of Dniester
PSPP, the solution of this task requires solving a
set of R&D and practical tasks, which will enable
the creation or development of innovative and
relevant tools for determining the parameters of
emergency modes.

In addition, the relevance of the project is fur-
ther determined by the following factors. First,
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it is necessary to carry out numerous calcula-
tions of the Dniester PSPP parameters in both
normal and repair and emergency modes. In par-
ticular, this requires the load-flow calculation,
steady-state and dynamic stability simulation,
asynchronous modes simulation and short-cir-
cuit currents calculation. Solving such complex
tasks is possible only by the automation of these
calculations. The second factor is caused by sim-
plified requirements for the calculation models
of automatic voltage regulators (AVR) as de-
fined in the national standard «Stability of Po-
wer Systems. Guidelines». In particular, the men-
tioned document does not contain requirements
for the verification of the calculation models,
which would enable to «verify» the developed
AVR models for calculating the dynamic stabi-
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Fig. 2. Verification of the developed AVR model: @ — oscillogram: change of voltage, current, and field voltage of the
generator; b — simulation results: change of voltage, current, and field voltage (see also p. 48)

lity of power systems. The third factor is uncer-
tainties in the construction of 750—220 kV
transmission network of IPS of Ukraine. Taking
into account the complex economic situation
existing in Ukraine today, this leads to a reduc-
tion of the investments in grid construction in
the IPS of Ukraine, and therefore the need to
correct the amount of calculations. Accordingly,
the automation of calculations considering vari-
ous options for network development, becomes
of particular relevance. The last, fourth, factor
that determines the project relevance is unique-
ness of the synchronous machines used on the
Dniester PSPP. Thus, as mentioned above, such
machines are characterized by a significant pow-
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er generation and consumption. In addition, as
shown by the results of field measurements of
the synchronous machine parameters carried out
at the plant, the actual sub-transient reactonce
differs almost twice from its nominal value. This
difference certainly has a significant impact on
the results of dynamic stability calculations, which
also determines the need for automating the com-
putations.

At the first stage of research, a calculation
model for the Dniester PSPP and transmission
network of the TIPS of Ukraine, considering
both the current state and future development
of transmission network has been developted

(Fig. 1).
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Fig. 2. Continuation

For the current year, in the Dniester PSPP
model three synchronous machines operating in
the generator and in the motor modes and for the
future, the construction of new 330 kV overhead
lines (Zakhidno-Ukrainska—Bogorodchany and
Ternopilska—Chernivetska) to be put into oper-
ation in 2017 and 2018 have been considered. A
detailed presentation of the have been consid-
ered transmission grids and consideration of the
peculiarities of the operation of the Dniester
PSPP (in the generator and in the motor modes)
enable conducting complex research of the con-
sidered power area for the normal and the repair
and emergency schemes. In order to simulate
electromechanical transients, the models of au-
tomatic control systems, in particular, AVRs used

today at the Dniester PSPP have been developed
as well. The created AVR model has been verified
using the results of commissioning tests of these
controllers. The analysis of obtained modeling
results has confirmed that the developed AVR
models of the Dniester PSPP operate correctly
(Fig. 2).

At the second stage, calculations of the steady-
state modes, steady-state and dynamic stability
of the Dniester power grid and adjacent transmis-
sion grids, and short-circuit currents have been
calculated using the developed automating means
(Figs. 3 and 4).

Thus, within the research framework, scenar-
ios for calculations have been formed. They in-
clude disconnection of 330 kV overhead lines
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Fig. 3. Automation of steady-state stability calculations

connected to the Dniester PPSP: «Dniester
PSPP—Dniester HPS», «Dniester PSPP—Bar»,
and «Dniester PSPP—Ladyzhyn TPP». These
overhead lines significantly influence on the op-
erating modes of the power plant. According to
the results of dynamic stability calculations, in
the normal scheme, the Dniester PSPP capacity
in the generator and in the motor modes is not
limited. The three-unit operation of the plant in
the generator mode is allowed even in the case of
single repair scheme. At the same time, while re-
pairing the 330 kV overhead lines «Dniester
PSPP—Dniester HPS» and «Ivano-Frankivs-
ka—Chernivetska», the consumption of Dni-
ester PSPP should be limited to two storage
pumps; while repairing the 330 kV OHL «Dni-
ester PSPP—Bar» (or «Dniester PSPP—Lady-
zhyn TPP») it should be limited to one storage
pump. Hence, the study of Dniester PSPP dy-
namic stability has made it possible to determine
the required generation (consumption) of this
plant for various scenarious and operating con-
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ditions of the adjacent transmission network of
the TIPS of Ukraine.

At the third stage, the calculation of asyn-
chronous modes using the created means of
automating the building of RX-loci has been
made; a database of control actions of the Dni-
ester PSPP and Dniester HPS ECA devices has
been formed based on the results of complex
study of steady-state modes, and steady-state
and dynamic stability calculation for the normal
and the repair and emergency schemes. This
complex study was aimed to define such Dni-
ester PSPP generation, which ensures its reli-
able operation. The necessary control actions
produced by the Dniester PSPP ECA devices
are determined by the «toughest» of the three
above-mentioned modes. As shown by the anal-
ysis of research results, problems mainly appear
for the Dniester PSPP operation in the motor
mode. The most severe event is an outage of
330 kV  OHL <«Burshtyn TPP—Ivano-Fran-
kivsk», which leads to a voltage decrease on the
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bus Bars (BB) of 110 kV «Chernivetska» and
«Ivano-Frankivsk» substations. The BB voltage
normalization in the specified substations re-
quires a disconnection of one machine at the
Dniester PSPP and, in the case of outage of the
330 kV overhead line «Dniester PSPP—Dni-
ester HPS», an automatic generator run at the
Dniester HPS.

The Dniester PSPP control actions were de-
termined taking into account the repair and
emergency schemes of the tramsmission net-
works. The critical mode is emergency outage of
330 kV OHL <«Burshtyn TPP—Ivano-Fran-
kivska» while the 330 kV «Dniester PSPP—Bar»,
«Dniester PSPP—Ladyzhyn TPP», and «Dni-
ester PSPP—Balti» are under repair. Under such
conditions, the operation of any machine of the
Dniester PSPP without ECA is not admissible,
whereas with ECA, only one machine can be con-
nected to the grid. Thus, under these conditions,
the improvement of the operating conditions of
the Dniester PSPP requires construction of new
additional 330 kV overhead line. The performed
analysis has shown that the most effective mea-
sure is the construction of a new 330 kV overhead
line «Dniester PSPP—Vinnytska-750».

In this research, the Dniester PSPP control
actions have been determined for the operation
of synchronous machines in the generator mo-
de. The analysis of obtained results has shown a
significant improvement in the performance con-
ditions for active power generation. The power
limitation to two motors has been identified on-
ly while repairing 330 kV overhead line: either
«Dniester PSPP—Dniester HPS» or «Dniester
PSPP—Bar» or «Dniester PSPP—Ladyzhyn TPP»,
in other words, when any of the 330 kV overhe-
ad lines branching out from the Dniester PSPP
is disconnected. Thus, the obtained research re-
sults enable to form control action databases of
the Dniester PSPP ECA devices taking into con-
sideration the plant operation in the pump and in
the generator modes. The block diagram of Dni-
ester PSPP ECA device prototype is shown in
Fig. 5.

It should be noted that based on the research
carried out, RP settings and AVR parameters da-
tabases protected by copyright certificates have
been formed. The created means of automation of
calculations enable to perform similar calculati-
ons for other electric power facilities of the IPS
of Ukraine.
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CTBOPEHHA 3ACOBIB BUSHAYEHHI
ITAPAMETPIB ABAPIVIHUX PEKMMIB
EHEPTOBY3JIA OEC YKPATHU J1JISI IUDPOBUX
ITPOTUABAPIVIHUX ABTOMATUK
TA 3AXVICTIB JIHICTPOBCBKOI TAEC

PosryisinyTo ocHOBHI eTanu BUKOHAHHS 1HHOBAIlIITHO-
IO IIPOEKTY, HAIIPABJIEHOIO HAa CTBOPEHHs 3ac00iB BU3HA-
YeHHs MapaMeTpiB aBapiliHMX pexuMiB J[HiCTpOBCHKOTO
eneprosysina. Hasenmeno pesympratun Bepudikaiiii Moje-
Jiell aBTOMATUYHUX PEryJsTOPiB 30yAKEHHs rigpoarpe-
raTiB /IHICTPOBCHKOI TiipaBIiuHOI aKyMyJI0I0UO0l eJeKT-
pocranuii (I'AEC). ITomano ocHOBHI BizomMocTi 11070
CTBOPEHMX 3ac00iB aBTOMATH3aIlii PO3PaXyHKIB CTATUYHO]
Ta AuHaMiuHOi criifikocti. HaBeneno cTpykTypHy cxemy
MPOTOTHUIY TPOTHAaBapiitHOi aBTOoMaTUKN JHICTPOBCHKOI
TAEC.

Knwouosi cnoea: J[lHicTpoBCbKa Tif[poaKkyMyJioda
eJIeKTPOCTaHIls, ob6’eqHaHa eHeprocucreMa YKpaiHu,
cTaTUYHA Ta JMHAMIuHa CTIHKiCTh, 6a3a JaHKUX ITapaMeTpiB
PEXUMIB.
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CO3JIAHUE CPEJICTB OIIPEJIEJIEHUS
[IAPAMETPOB ABAPUIHBIX PE;KUMOB
DHEPTOY3JIA O9C YKPAUHBI JIJISI IIMDPOBbBIX
[IPOTUBOABAPUIHBIX ABTOMATUK
U 3AIIUT THECTPOBCKOWM TABC

PaccmoTrpenbl OCHOBHbBIE 3Tarlbl BBINOJHEHUS WHHOBA-
IIMOHHOTO TIPOEKTA, HANPABJIEHHOTO HA CO3/IaHUE CPE/ICTB
oTIpesieIeHus TTapaMeTpoB aBapUITHBIX peskMOB JlHecTpoBc-
Koro aHeproyaia. [IpuBenienbl pesysbraThl BepudUKaum
MojIeJIell aBTOMAaTUIECKUX PETYJISTOPOB BO30YKICHUS TUJI-
poarperatoB /lHecTpOBCKOIl TruapaBINYeCKONH aKKyMYyJIH-
pytotiieit anexrpocraniuu (FADC). [Ipencrasiens ocHOB-
Hble CBeJIEHsI O Pa3pabOTaHHBIX CPEICTBAX ABTOMATU3AIUN
PacyeToB CTAaTHUECKOH U ITHAMIYECKOH ycToianBocTh. [1pu-
BeJIeHa CTPYKTYPHAs cXeMa IIPOTOTUIIA TTPOTHBOABAPUITHON
asromatuku J{nectposckoiit TAIC.

Kniouesvie caosa: JlnectpoBckas THAPOAKKYMYJINPY-
I01IasT HJIEKTPOCTAHIINST, 0O beANHEHHAS 9HeprocucTeMa YK-
pauHbI, CTaTUYECKasl M JUHAMUYECKasl YCTOUUMBOCTD, Hasa
JIAHHBIX TAPAMETPOB PEKUMOB.
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