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1. LobgHmboboMmgdMmo 39d@MmOHrYmo 35BMmazgd0l 3GmgdE ol dobsbo /
Purpose of the Synchrophasor Based Measurement and Monitoring System

LodoMm3geml  Lobgwdfoxnm  gmadBH®mbol@gdol  (blg)  s8mEsbsl  FoMdmoagbl  gqbg®mszool  mdogd@gdol
39dbmmaom®o s LoboLEJIM  93EMToBH030L  Bbd30MmboMgdol  Fglsdsdolmdsdo  dmygzebs  Jugwrol  Fabgdoom
o960  FMmmbmgbgdmsb.  gqbgGozool  md0gdBPPby  LobdOmboboMgdMwo  3gd@mOmMmo  gsbmdzgdol

2396bmM 3090905 Lsdogdsl 0330, LodoMmmMzgEMml gwgdBHMHMIbaMygE03ME LobEgdsdo sdmzwgbowo 0dbgl ol
23069M0BHMM9gd0,  OHMIwgdoi  Lomsbosmo 9O  dmbsfowgmdab  Lobdo®mol s  dsdzoL  MgaEomadsdo,

999 BHMM9696M 9@ 039 LolEgdsdo 535MmOOL EOML MYEIMMO SE30L S 53EMToBH030L FMFYMdOEMdGdOL FTomdol
L503gEMMBOL  5350EGdsdo s JEgdBHMMIbIMRIBH0ZMo  LobEGgdolb  ©obBsdoz Mo  FEYMmIEMIOL  5ToEGdSTO.
LobJOMboBoMdMWo 39dEHMOMEO FoBMIZgd0 [oMmTMoabl 3MMyMmsds WAMS-ol 0bgm®dsgome 35Bol, HmIwol
09039M0000 dgLodegdgwo asbgds 2969Mo@MMmadol LobdoGmol/LobdsMmob s dsd30L/saBbgdoL  MHYAMIsEHMMIOOL
3b6d30MmboMgdolomzol  BMLEGHO  3oM00gBHMgdol  dghbgzs,  sTsbmob  gladwgdgwo  0dbgds  LadoMmggwml
909dBHMMab9Mma9G 039 LobGHgdsdo d0dEobstg bm@mTswme 91089080 ©s 535G LoG3090d0 50bodbmwo
M93MGMOPPOL  BmbJgombomgdol  MfiyzgBo  dmboBHmMmobao. WAMS-ol  oxsMmmgds  LobdOmbobomgd o
399&HMOMEo A5BMmAz0l Imbozgdgdom dgladagdgel gobol 390 0dbgl gosbsgobgdmwo 35600 Lo@wsEogdo,
dglododolo  IMmIBogdwo ©sL336gd0 s M93MmIgbEs3ogdo ™Mogol dbMmog byl FgTymdlL s  95850EI9dL

LogdoMmmM39w ML gegdGH™mgbgHagBH03reo LobiEgIol FEAMOMBL.

The target of JSC “Georgian State Electrosystem” (referred to GSE) includes an arrangement of the compliance of the
functioning technological and automation systems of the generation objects to the requirements determined by the existing
Network Rules. In order to face the aimed task, it is necessary to create an information database, where the main role is given
to the establishment of the Synchrophasor Based Measurement System. Establishment of the Synchrophasor Based
Measurement System in generation objects will allow to detect the generators within the Georgian Power Grid which are not
adequately involved in the: (!) frequency and voltage regulation, (!!) reliable operation of the relay protection and automation
equipment during the outages in the system, (!!!) improvement of the dynamic stability of the system. Synchrophasor Based
Measurement systemis the information database of the Wide Area Management System (WAMS),which will allow selection
of the frequency / speed and voltage parameters for the proper operation of excitation regulators of the generators, therefore,
it will be possible provision of continuous monitoring over the running of the mentioned regulators during the normal mode
and the state of emergency mode in the system. WAMS extension with the synchrophasor data enables to make the better
analyzes of emergency situations and accordingly, prepared conclusions and recommendations will support and improve the
sustainability of the Georgian Power System.

2. LobgHMBbOBOMYIMEO 39dBHMOHMEO FsBMTZgd0L 3OMYIEOL BMYSO SOFIMOEMdS /
Synchrophasor Based Project Description

WAMS  bLob@gds  ofomdmgdl  LobdO®mboboMgdmwo  39d@MOWMo  gobBMIzgdol  FJomgdsl  J39LsYMOIO0ESD
3963w obgdM  byHzgMHdo, GMIGoE ABMgLYdMWos 9875050 LLY-U  FgbmdsTo. FowgdMwo  0bxzm®mIs3z0s
3900509985300905 bgoolbgs Lodlgwm s9m356900L goslofyz9Ge®, MMAMGmOoEss: 50033-0b gargd@®H™mgbgMagd oz e
Jugew8o dsd39d0lLs s ©Y6gdoL 3MbGHMMEO, 5139 93500l FgBmbgzg35d0 MHalogMMBYBOL sbsgrobo, LbobEgdsdo
6b9g3900L BY0LEMOE0S s Tgbfogans.

WAMS  396¢6ownto  bghHgzgho 5055050 0909 mdl  Lobd®mboBoMgdme 45HBmdz9dL  J39lvymMgddo  535MGO0L
Lofobssmdgam 53GHMToG03ol (sbd) MYEggdoEsb, MHmImgdog ghmol dbMHog gaLabwyMgd0sh sbo-b sdm3Esbgdl,dgmeMgl
db6og, 499860500 M5 LObIHMBEOBOMmGdIMO 39dBHMMMEORSBMBZ0L FJb03MMO LsBMsegds, 531936006 53 IMbs3E7agdL
M0 bS-U LobJOMBoBOMYdMWO 39dBHMMWMWO Fobmdzol Imbo@Gm®obyol bLobEgdsdo -SynchroWave, sbggg WAMS
LobEgdsdo. s85Lmobsgg, WAMS 0g4gbgdl sbs-b bogmadwybogzsiom Jugwl s 53M0ys©, dmE0sbs 0bEHgyMoMgdmwos Sbo-
Loob 9P LobiEgdsdo.

3609dBHoL  59mEsbol FoMmBmoagbl  g9b6gMs3ool  Mmdogd@gdby  LobdMmboboMgdmo  39dBHMOMO  gsbmdzol
9fymdoemdgdol (9.5. PMU) ©opds @5 0bgm®mTogool aodmagds sbosgy WAMS LgMgg@do o SynchroWave
byMH39M30. 30650056, SBs-b FMBJ30MmboMgds MIMazmglo dggbgds 50033-0b Jugwdo Bodobsdyg 3MHMEgLbYdOL
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390035y qmdsl, 396300l md0gdEJdoL wdgEHgbo bsffomo GRS SLo-b ,mZ5wMobgEzoL” GOl Fomgom. gl 0dsl
603653L, M0 Llg-b LObIOHMBIBMOYO LOLEJIOL FoBIOMMYDS sboo 0bBMOTs3000 FoHsbIg)mbowos dmbgl s0o
abo-b LoLEYIsdo godmygbgd o IM935¢RMbI30MMH0 Mgaggdol Abas3Lo IMFYMdOWMdJIOL gsdmygbgdom, 6539
3950 LBobJHMbOBOMmYdMWO 39dEHMOWMO 45HMIZ3900L INFYMdOWMBGBOL d5BsBY. 3MMgIE0 56 godmofizg3l Mo0dy
bsbosmob (33000 gd9dL LobIMMBoboMYPdWMwo 39dGMOHMWO oHBMTZ9d0L 3MmTbo3sEoolL Jugerol 3M0b303gdols ©s
39w930069935300L I EH03wgdum@gdol LolEgdol godmygbgdol mzswlsbGoloom.

The purpose of the Synchrophasor Based Project is synchrophasor data acquisition in the outstations and sending to Phasor
Data Concentrators (PDC). Actually two different PDCs are receiving currently phasor measurements from the field: SEL
SynchroWave PDC and GE Phasorpoint PDC used for Wide Area Monitoring System (WAMS). The data is processed by the
PDCs for the purpose of monitoring disturbances and oscillations in the power system, as well as for analysis of system
outages.

The objective of the project is to extend the GSE synchrophasor database with the phasor data of the generators, namely the
new phasor measuring units (PMU) will be installed in the premises of the hydro power plants and transferred via the existing
telecommunication system to the new PDCs.

The purpose of the project is to monitor behavior of the generators, conduct technical analysis of the generator governors and
specify exact requirements in order to involve them in the frequency and voltage control process of entire power system. In
other words, this project is considered as the initial step towards automatic control of Georgian energy grid. Synchrophasor
system uses the same telecommunication backbone and telecommunication interfaces as Emergency Control System (ECS),
although the data will be received in the new, different from the existing servers. The first phasor data in GSE network was
originated in the ECS relays installed by SEL and still is being provided by SEL relays until now. Therefore, the existing phasor
system with WAMS and SEL PDC is fully integrated in the ECS, whereas the generator data provided by the new project will
stand apart the ECS system.GSE requiresfor the generator behavior monitoring the phasor metering, analog measurements and
binary signals, so the project will focus on delivery of devices with PMU functionality instead of the multi functioning relays
and controllers used as ECS relays.

3. 36mydEHob dmEyemds /
Project scope
39d60376  oboogds  Fgosogt  bMsd3glbo  2-0L  3000MMYwgdGHMLoEYMOL,  MMIgwog  LodoMmzgeml

99dBHmMab96M 9@ 039w Jugwdo 380d369wm360 500 MF0Msgl, 5J9sb Fodmdobatg 9@ sbowo odbs 3Gmgd@do.

LobJOMmboboMmgdMwo 39dGHMOMEO  FoBMIZgd0L LolGYds Mbs 0dbgl Fmfimgdmwo  30EOHMYEgdEOHMLIEYMO
besd3gLo 2-mgo.

LobJOMboBoMmdMWo 39dBHMOMWO FoBMmdzolL LoLEJIob Y356 dM3BL FoMTmowagbl, Gmd PMU-I dog
MBOMB39wymz0wo 0dbgl LoEyMMOEB MoMMIMWo FgbgMsEHMMOLMZOL LGHGHMMOL LsdxgsBs ©Ibols s dsdzol
239Dmaz5, 91939 BIWMAOMGO FobMIzgdolL (s3HBbgdoL ©Ibol Lowowyg s FodFsMMNZIEo 535MOEHOL 3MDBOEOs) ©
©oL3MgEGHMo Logbswgdol sTdsggds (50MmIMMZIWGOOL BEYMTsMHGMds)  Loduigem s8mEsbgdOL  gowslisfiyz9dEo.
LobJOMboBoMGPdMWo  39dEHMOMWO  gobBMIZzgd0  Yosghmogds ETHERNET Jugwoo IEEE C37.118 U@oboo®@ol
ImmbM3zbgdol gbsdsdols.

PMU-gd0b v9603960bocobszool doBbom, sbg3g dglgo30l 3OHMEgbobs s FoMoy Bofomgdols Jobmzol 3MHmEglol
39956303900L 80Bboom LolEdsdo gsdmygbgdwo 0d6gds 300mbogsgool gohgdo.

335653 9MHMEo Bsfowol goms 30mgd@o dmoEsgl sbg3zg dmfimgdmeo Imfymdowmdgdol dmabobm@mgmdsl, 3gMdm,
2903900-30(94mdom  Lodmdomgdl  LobgOHmbobomgdmwo  3gd@GmOMmo  AsBmAzol  dmbs3gdgdol  dowgdol,
3Mbx3041M0M900bS s F9oEgdol YbMWbzgwymgol dobboo.

The technical proposal contains the Khrami HPP 2 hydropower plant, which occupies an important place in the Power
System of Georgia, therefore it has been included in the scope of the project.

The current task of the synchrophasing system is to measure from the Khrami-2 HPPthe three phase output power and stator
voltage for each generator, also the task includes provision of the analog measurements of the current excitation magnitude
and the discrete signals of the circuit breaker position, as well as analog outputs sent out of the synchrophasing system IEDs
should be accepted by the turbo-generator control systemfor the purpose of solving the network automation tasks.
Synchronphasor measurements are transmitted via ETHERNET network according to the requirements of IEEE C37.118
standards. The transmitted information will be received, accumulated and elaborated into the servers.



Besides the hardware component, the project also includes the services for the supplied equipment, namely, installation,
commissioning and putting into the operation of software programs for the purpose of synchrophasor data configuring,
transmitting and receiving in the PDCs.

4. LoEymM®9ddo LobdMmMboBoMmIdMwo 39JGHMOMWO  gsbBMIZoLTM{YMdOMMgdOL B3IEOBOIIE0S ©S
39936039960 dmmbmgbgdo /
Synchrophasor Equipment

b6533gbo 2-030L  dMfimgdmwo Mbs 0dbgl ©s3MA3YIBHIdIo 39S LobMHMboBomgdMwo 39dBHMOMEO
29Bmdz0L LobEHGIoL IMfYMmdOEWMdGBOm, bodoGbbm Fos gsdEHsmgdol dmbEog0m, FggMmgdgdOom, ToMI0MIBOD ©

2963563939010 33900L5030L 296393600 Lomsbsm 53EHMBo@vMHo 5MIOMZIEGdOm.

All equipment for Khrami 2 HPP should be preinstalled and prewired in one cabinet including:

-PMU with 3-phase I, U metering, analog and binary inputs

-Test switches for synchrophasor inputs (I,U metering)

-Communication Switch

-GPS Satellite clock for time synchronization distribution (the item is valid if PMU is not equipped with internal satellite
clock).

Note: GPS antenna with installation kit and with coaxial cable must be provided.

-Cabinet with preinstalled and prewired equipment including DC voltage AC/DC MCBs, electrical socket air conditioning,
ventilation system, lighting and 220V AC receptacle.

4.1 PMU s {ig0gd0 / Phasor Measurement Unit (PMU)

LodggsbBs ©Yboly s dsd30L FMHgIdo sOFMMm30wo Mbs 0gmlb LsGJuGHM Fodm0dzgEgdom, Mmoms dmbogl dbmdo
690900l obbg Bo39B30 96 0BMEoMmgds. bMsd3dgho 2 boan®ol  dmbsfmgdgwro dsbos-Imfiymdowwmdgdol Los
obowmgm ©sbs®mdo 1 - Boligdol gbMogo.

PMU-30 0003dwo ©s 4005899353000 0b6xm®dogool  dmEmemds  ©sdm3zogdneos  9wgd@dmmbsoym®ado
5MLYIMO Ag69MHGHMMGIOL MomIbMdIBY. 0bBMMTo300L FM3MEMds, MHMIWOL 25sdTs39ds bs ImMobobml

PMU-8 560L 55-0560 39065000 09660 s 1003-0560 dsd30L §Hgogdo
-bksdo 2: 2 ggbgtsheato

2x3-35B0 ©gbols gobmdgzs5s gbwmo MHgogdom

2x3-035B0 00030l gobmdgzs 1003 dsd3z0lL HMgogdom

2x4 565¢0Mma0996Mm0 A5HMI354 - 20 Joer0sd3gH o

2x40b3MgEH Mo 995350 Loabowo, 5615653 gd 2 gsb35¢ 39390 XAIBI.

B99dmom s0fgMowo 3mbxgoanMogos bMsddglo 2-mz0l FoMdmoyqbl 9930w gdge dmmbmgbsl LobHmbobomgdwywo
399GHMOMEOo gobmdzol bgwbsfymgdol 8odsmrm, 5439 MBS 500bodbmb, GmA  sbg39930wgdgwo dmnmbmgbss PMU
0ymb IMOMEOME0 G030 530WIE JoBIMMNMIDO0 3mBLEHMWJE0Wo S 3OMYMITFMNO 330 dgdoL do9Ty).
Lbgsbs0Mo@ ™A 300g3sm, dm3g8vo 30HMmgd@ob BsMAWgddo dobbmemE0gwgdmEo 3mbroy®szool dmdsgzswdo 50%-
0 35BMEOL dgdmbgzg3zsdo 56 Mbs AobEIl LoFomm dBMIo bglsfyml 535G MGMWo b 3OHMAMmsTMwo bsfools
9933ws. PMU-b v»bs 3dmbogl 89bsd¢gdemds 3060899 mMo ©sdm)300989wo LobdOhmbobomgdmwmo 3gd@memwmmo
20BmIgz0L 65300l Asgbogbol  MBOHMBlgwymgols. 9855850  LobgHmbobomgdywo  39dEHmOMEo  gobmdgzol
06830635300l M™m39gds bgds MM odm30gdgE dmbsigdms 3mb3gbdMmo@m®mdo (PDC) — SEL SynchroWave s GE
e-terraphasorpoint. dlgoglo, 5dols 3MMgJGHom M35 olfiobgdmwo Lobdmmbobomgdmwo 33JBHMOmMEo 25BMIZz0L
9b5(399900L bo35000 b 0g4Ho369dMm©gl PMU-U dogh ™ sboen PDC-do.

LobJOMboBoMmdMWo 39dBHMMMWO gobmdzgdol dodsmom LLy-b doge §oggbgdmwo IMMBMZ69d06 2odmIobsty,
PMU-0 »6@»s vB6Hmb3geyml:

® P 05 M 3amabols 20%mdgzs (o980 50 gobmdgzol dgbsdsdolo gobmdzol osdsbmboo.



® 306033 M0 LobJOHMboBoMmYdME0 39dBHMMH0 oBMIZ0L 6535000l FowoiEgds

® 1000MJNME0 553500LsM30L LobJOHMBOBOMmYdIWWO 39dBHMOMWO FobmTzol Imbs3gdqdol dodwgdo Mbs ogmls TCPI/IP
s UDP/IP 3e0gb@gdo.

e PMU wbos 99glsdsdgdmogl Lewers IEEE C37.118 Lgobos®@ol dmmbmgbgdl, sdobsmgzol Fomdmoygbowo mbs
0ymb dmdfmgdeol doge Lobdmmbobomgdmwo 39J@mOmo 3sbmdzol dmfigmdowmdol GHodol gsdmol mddo
(Type Test).

PMU-b 9605 3999eml 9000ml Hgoewmo Mmool boog LoodgE® s BMLEO FYsOHMmEb MmammoEss GPS bobEqgds.
dbmd  bgwbsfgmlb  Fgbodewgdgeos  m30mmb  gosBbgl  Bsdgbgdmemo  GPS  Lssmo, {fobsswdogy 9gdmbgggsedo,
9fm©gdMeo Mbs 0gmlb sdMm3009d9wo GPS Lssmo, GMmdgwos MBOHMBlgwymal ®mol dofimgdsl PMU-Lmgob.
LoGJ0GHO0 6B9bs Mbs 0gmb doghmgdwo MImsmm@ GPS Lsoomsb IRIG-B 3m@om gsblsbemzmhymwo oMmols
Logboeol dobsmgdsce PMU-o.

PMU s Uogzmdmbozsgom ULgobo mbs ogml ©sdmb@oggdmeo 9o, 39605530 @5 YOHM0gHms35380690wo
ETHERNET gJugeol 0b@ghggolgdom. PMU-b ¢bs 3jmbogl d060dwmd 2 zsewo 10/100/1000BaseT(X) 3mM@o IEEE
C37.118 LEbsmEHom LobdHmboboMmgdMwo 39dGHMOMEo gsHmdzol dmbs3zgdgdols s sbsgmyow®mo gobmdzgdol,

0L3MYEH0 Logbowgdol gowsbivEgds.

Three-phase current and voltage circuits must be equipped with test switch in order to lock or isolate the current and voltage
measuring circuits. Detailed list of equipment to be supplied is attached in Annex 1 — Price List.

For each generator PMU of Khrami 2 HPP is to measure:

-3-phase generator output current (I)

-3-phase generator output voltage (U)

-4 analog inputs (4-20mA )

-4 binary inputs

The number of the data whichthe PMU has to process is defined by the number of the generators in Khrami 2 HPP as follows:

-Khrami2 HPP: two (2) generators (with 5A current circuits and 100V voltage circuit)

The configuration described above for Khrami 2 HPP is a prerequisite for PMU, it should also be noted that it is also a
prerequisite for the PMU to be modular type without easily scalable design and software modifications. In other words, if the
configuration implemented within the given project is increased by 50% in the future, it should not be necessary to change
the hardware or software part of the measuring device. The PMU should be able to provide the transmission of at least two
independent synchronized vector measurement streams. Currently synchronized vector measurement information is stored in
two independent data centers (PDCs) - SEL SynchroWave and GE e-terraphasorpoint. Similarly, the stream of synchronized
vector measurement data provided by the project must be sent by the PMU to two new PDCs.

The PMU has to communicate to ETHERNET network and send synchrophasor data by IEEE C37.118 standard to two
independent PDC and must be capable of the following:
e P and M performance class measuring with the corresponding reporting rate minimum 50 times per second.

e Minimum two synchrophasor data streams for two independent PDCs.
eSynchrophasor data streaming to independent clients over TCP/IP and UDP/IP simultaneously.

o Full compatibility with IEEE C37.118 standards. For this purpose the supplier has to provide the Type Test protocol of
the PMU.

Time Synchronization
The PMUs must be equipped with GPS time and synchronized in time with other phasor processing devices. For this purpose
GPS clock built in the PMU or as a separate satellite clock has to be provided for Khrami 2 HPP.



4.2 303mb035300L 063HgMxgoLgdo / Communication

9m399M@ 3GMmgdGdo bMsd3glo-2 -bmzol 3mdMBo3sEool 0bEgMxgoLl FomBmaagbl bszmdmbozsgom Lgobo, HmIgwos
9600l FBOHOL 5353806740l bMA3qLo 2-ol PMU-b, beem 9g6g dbMog bésd3gbo-1 -do 39bmogligdwyan LgRLl, Gmdgwos
53538069005 sbo-b Jugewol ICON M@ 03wgdum®mosb. 1b3ohgdol 3538060  Ggwg3mdMbogzszool Jugewmsb
9mo0mbmgl HmamO3 M33H03MM, 1939 b3owgbdol 3sdgwom (CAT5) Fogmmgdsl Mmdgwos Mbos FobbmMiEogwwEal
4399 m399meo 30d96035300L bdgdol dglsdsdobo.

9sbdogo bMsd3gbo 1-bo s BO3qLo 2-b MOl Eosbmgdom MOl 8030, GMIYOE ©93930MYOMEI0S JMHMTMPOLbo

330GV 3m 3303560 39dgEom.

130PR7d0L MBO3gOLOSW D300l FoBBbOM s 1939 PodMIEOBIMY 08 BodEH0wB, MM IMm3egl Ggdmbgggzodo ygzgysh
LoFoMMs M3GH03MMH0 39090l 5bM3EH03MM0 35B-30mMEOL 450mygbgds dmmbmgbs 130RgdOL 3mMEHJOOL MomEabmdol
908560 5MobL LE9BIOEHDOMYIMO, 39MHIM© F98IAO:

-b®sd39bo-2-0b bgoBgdo
0blEHOoMo 3nIMEsGmOmo
1. 4x10/100BaseT(X) 3m®&o 96 dgo 3OmEo
1x10/100/1000 BaseFx 56 9930 360, 90000m©0sbo sbghoo 8039 3mdmbozsigoobsmgol
1x10/100BaseFx 56 dg@ o 3m®@o, Multi-mode, grsbgoom 600 3 3mdmbogzsioobsmgol

30bGHGd@BMOMBs oMTsd Mbs Imafimpmlb bgohgdo bEs3qlo 1,2-m30L BsGMMO #1-0l Fglsdsdols, 3nbEHModEHMMo
3obbolidygdgos  LobMmbobodgdwo  39dFHMOMWo  4obBmIzol  LobEgdol  3mdnbozsgool  bgoBgdol
MO0YIONIYNEHIGOME IMTMdBY. bE33qL0-2-0L 0bEMLOHNME 33MGHIGMOL (L30RL) Mbs 3Jmbogl TbsGIsF M
IEEE 1588 L3obsd@ob.

In this project, the communication interface for Khrami-2 HPP is a communication switch that connects the PMU on one
hand and the existing switch in Khrami-1 HPP on the other side, which is connectedin Khrami-1 HPP to the ECS ICON
multiplexer and thereby provides a gateway to the Ethernet network. The detailed communication scheme is attached below.
The distance between Khrami-1 and Khranmi-2 HPPs is about 80km. There is a GSE single mode fiber optic cable (OPGW)
between the plants and terminated on the optical distribution frames (ODF). The pair of dark fibers will be provided for this
project.

It has to be noted, that the existing switchin Khrami-2 has no optical ports and not equipped with capability of signal transfer
on a distance of 80km. Therefore optical signal transceiver with optical/copper converter.

New switch in Khrami-1 has to communicate to the PMU by means of either optical or copper port. Communication to 80km
remote distant side can be carried out directly from the optical port of the switch or by means of transceiver with
optical/copper converter similar to the one in Khrami-2 HPP.

The requirements to the ports of the synchrophasor switch is as follows:

-KhramiZ? HPP
SP Switch with:
4x10/100BaseT(X) ports or more
1x10/100/1000 BaseFx port, or more with Single Mode, Lazer module for communication up to 80km (optional)
1x10/100/1000 BaseFx portor more, with Multi-modeLazer module for communication up to 600 meter.

The Contractor is responsible for the mutually agreed operation of the communication switches in Khrami-1 and Khrami-2
HPPs.

The Contractor shall also provide optical patch cordsif necessary, in one end of the patch cord with FC connectors will be
connected to the ODF, and the other end-to the synchrophasor equipment and therefore, the connector type to be determined
by the contractor;

The switch inKhrami-2 HPP shall support IEEE 1588 standard.



4.3 dsd3s / Power Supply

LobJOMBoBoMYdMWO 39JEHMOMEO A5BMIZ0L FMFYMdOWMBGBOL 33900Lsm30L 2odmygbgdmwo 0gbgds Loymmol
15539FMEOGHMOM d5GHIMIoL IMdogzo ©gbol Fgomm. bEsd3dgbo 2-ob dmdogo dsd30L ooy 9gsygbl 2203
0m©dog  dod3sL,  s@bodbmero  dsd30L Loogby  Mbs ogmb  gomgwomo gho  396oodo
59Mb3559099olobOHMmboboMmgdMwo 39d@B MO goHmdz0L LolEgdob yzgws Infymdowwmdol 339ds:

3905530 s3MbGgdME 439w IMPYMBOWMdLL. MBS gosBbgl 33900l 06EOZ30MOEMGO  83EHMISEMO
20mIO™M390 O JOHMO ©TBHJO0MO  LaMmgbgMzm 53@MAsEGHMMO  sMIMMZJ0. ©OLZMOYGHMo boabswgdol

§690900 9bs 0gmb 2sdbmEmgdo gMmmdsbgmologsd MM xaMas© ©s HoMImoagbogl 9MHmMIsbgmolisysb
©3809)30909¢ 99dOOI FHIRIOL.

O0HIGHOL, 39Ol 3Ww0TsG-3mbGHOMEOL,  396G0wsEools s dobsmgdol  FmfYymdoEwmdgdolsmzol
239035¢0l{obgdmros 2203 33wso ©Hol Fystrm.

(33500 960l IMFymdowmdgdo sbg3zg »bws 0339090MmEIL 060300 MM 53EMBoGHNMHO STIMIMMZYEgdOL
09939mdo0.

Synchrophasor equipment have to be supplied from the Khrami 2 HPP battery system, which is 220V DC

Every particular device has to be equipped with the separate MCB preinstalled in the cabinet. The binary inputs of PMU
must be separated from each other and thus, must represent a separate electrical circuit.

Provision of 220V AC is planned for air conditioning, climate control and lighting. 220V AC MCBs together with 220V
AC receptacle must be provided as well.

4.4 356505 / Cabinet
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The type of the cabinet by the outstations is described below:

TYPE 1

-Dimensions: 2000x600x800mm (HxWxD)

-Color RAL9001

-IP sufficient for indoor installation

-Front door servicing

-Wall mounted type or rack mounted type with 19“ 42U rack swinging door
-Cable inlet below

-Bottom of the cabinet closed with removable metal segments

-Grounding bus installed



-220V DC distribution MCBs according to the information below in the item 4.3, “Power Supply”
-220V AC MCBS for climate control, air conditioning system, lighting and 220V receptacle

5. 309dE00 g3m35¢o0lf0bgdeo dmBLsbeyGgmds /
Scope of the Services
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The supplier shall provide materials and equipment, draw up the cabinet design documentation, detailed drawings,
electrical and communication schemes and transfer JSC GSE for installation. After delivery of the hardware component
provided by the project, the GSE will implement its installation, connecting to the station electrical circuits and power
sources according to the drawings and documentation submitted by the supplier. GSE also agrees to energize the
equipment temporary under an agreement with the supplier to verify the "viability" of the test mode and inform the
supplier in case of failure of any device which will help the supplier to eliminate the above trouble. The GSE's obligation
is to check all the external circuits and ensure correct connection to the synchrophasor cabinet up to the connecting point
in the cabinet, across the terminals.
The supplier's obligation is implement reception of the data in the PMU after verification of the circuits by GSE, to
configure it and to transmit data by two independent synchrophasor data streams in order to receive them in the PDCs of
GSE. The service also includes training for the purpose of operation of the system provided for GSE personnel. The
training will be held before rendering of the works and in order to use the obtained knowledge into life during
commissioning. The training should be conducted at the rate that the GSE can subsequently have the ability to operate
the system independently, if necessary, add new measurement signals to PMU, their configuration and transfer by IEEE
C37.118 standard. The supplier must also share the knowledge of GSE on the typical failure of the devices and software,
their discovery, localization and elimination. GSE determines the time allocated for the teaching period of not more than
5 working days, but it may be possible to decrease / increase this time based on the Supplier’s competent recommendation.
Training should be conducted in interactive mode, including practical tasks. It may be possible to review the planned
schedule by the supplier in the course of the process and to correct it upon GSE’s request. GSE reserves the right to



change the training process,for example request more practical examples at the expense of considering other planned
topics, and under the terms and conditions described in this document.
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Documentation
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The contractor shall prepare the drawings for installation works to be conducted by GSE. Specifically, the supplier must
integrate the GSE drawings with the cabinet drawings and present them in the final form. For example from the current
transformer to the synchronous cabinet to the PMU. The drawings of the circuits provided by GSE must be fully
transcribed in the supplier documentation.

The documentation should be provided for installation works performed by GSE.

The drawings correction and adjustment will be done in the process of installation and commissioning. The final as build
documents supplied by the supplier must be printed on paper (2 copies) and electronic form (in PDF and ACAD or other
editorial format).

The supplier shall be also obliged to submit the following:

- Operational guidelines for synchrophasor-based system and communication equipment intended for the service
personnel in the project’s final phase.

-Brief or complete User Manual/ Manufacturer Instruction for all devices of synchrophasor-based system shall be
presented when presenting the tender proposal (bid) (if the presented document (s) confirm inconsistence with technical
conditions of the offered products, this may serve as a basis for disqualification).

- Installation package, the working actual version, license and backup copy of all programs of the synchrophasor system,
as soon as possible in the project’s final phase.



3659 Bsfogrgdo /
Spare parts

36094 BH0o 3mbsfmgdgemo dmbsfimgdgao dsMsy bsfowrgdol boo:
-PMU -13. 89900930 dobsliosmgdemgdoo:

1x3-g35B5 960l gob™Izs 55 gbmMo fiMmgwogdom

1x3-35B5 dsd30L gobmdzs 1003 dsdz0L HHgogdom

1x4 565¢rma0m60 g5HMdzs F00sd39Mvyeo (4-2005)

1x4 ob3MmgEMEo 396351393900 990535¢0 Logboeno
-LaBILE™ 35000083900 ©IHMMO PoBMIZ0L HHgolsmgol -13
-LaBILE™ 2500008390 dod30L A5BMAz0L HMgobomgzol -1
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List of parts to be supplied by the project:
- PMU -1pcwith the capability of measuring for 1 generators including:
1x3-phase generator 5A output current (I)
1x3-phase generator output voltage (U)
1x4 analog inputs (4-20mA)
1x4 binary inputs
-Test Switch for current metering circuit -pcs.
-Test switch for voltage metering circuit -pcs.
-Set of GPS clock GPS clock with antenna and installation kit — 1pcs (if GPS satellite clock is not built in PMU).
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