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In a meeting with Hydro management on May 29, 2015, Hydro stated that a
technical analysis was completed that concluded that the Newfoundland Power
mobile turbine accompanied by a Newfoundland Power mobile diesel generator
was a viable option for black start at the Holyrood Plant. Please provide the analysis
completed by Hydro at that time as well as any other information that led Hydro to

this conclusion.

Please see PR-PUB-NLH-172 Attachment 1 for the analysis completed by Hydro. As
noted in more detail in Hydro's response to PR-PUB-NLH-173, the primary purpose
of having the Newfoundland Power mobile generation at Holyrood (as opposed to
another location on the Avalon) was to provide additional station service power and
to enable pre-warming of ancillary equipment. As well, the analysis indicated that
the Newfoundland Power mobile units could potentially be utilized as a blackstart

backup.
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1. INTRODUCTION

This report provides motoring starting analysis of Unit 2 Boiler Feed Pump East during a
Plant Black Start condition utilizing Newfoundland Power’s Mobile Gas Turbine and Diesel
units only. This analysis was requested as a result of the January 11", 2013 outage and
subsequent installation of Newfoundland Power (NP) back-up generation at Holyrood Plant
to supply emergency generation to the Avalon as well as potential Black Start capability of

the Holyrood Plant.

2. SCOPE AND OBIJECTIVE

The objective of this analysis is to provide an assessment of the capability of both NP’s
portable generation sources being able to start the largest motor in the Holyrood Plant,
which is the 3000Hp Boiler Feed Pump on Unit 1 or 2.

The scope of the study included the modeling and motor starting analysis of Unit 2 Boiler
Feed Pump East utilizing NP’s portable generation sources. Determination of operation of
plant protective relays due to under voltage conditions is not in the scope of this work. The
study involved the dynamic analysis of motoring starting using Version 33 of PSS®E software

from Siemens PTI.

Newfoundland and Labrador Hydro 1



PR-PUB-NLH-172, Attachment 1
Page 5 of 50, 2015 Prudence Review

Holyrood Black Start — Motor Start Simulation

3. MODEL DETAILS

A simplified load flow model of Holyrood 4.16 kV system has been developed for analysis as
depicted in Figure 1. This model includes NP’s 7.5 MVA gas turbine generator connected
directly to Holyrood plant Station Service Bus SB12 and NP’s 3.06 MVA diesel genset
connected through two transformers to Station Service Bus SB12. The 4.16 kV cables
between the Unit Boards and Station Service Boards have been modelled as well. Finally, a
modest plant load of 1 MW has been assumed with both NP generators operating prior to

starting of Unit 2 Boiler Feed Pump East.

The following model details have been assumed:

3.1. NP Mobile Gas Turbine

A 7.5 MVA mobile gas turbine with generator voltage of 4.16 kV is modelled and Appendix A
outlines NP’s data sheets for this unit. PSS®E dynamics model for this unit are attached in

Appendix C, these include the following:
- GENROU (Round Rotor Generator Model), data as per NP’s data sheets in Appendix A.
- IEEET2 (IEEE Type 2 Excitation System), this model was copied from the existing
Greenhill Gas Turbine data with exception VRmax = 3.0 instead of 2.5.

- GAST (Gas Turbine-Governor Model), this model was copied from the existing

Greenhill Gas Turbine data with exception Vmax = 1.0 instead of 0.8.

3.2. NP Mobile Diesel

A 3.06 MVA mobile diesel with generator voltage of 4.16 kV is modelled and Appendix B
outlines NP’s data sheets for this unit. PSS®E dynamics model for this unit are attached in
Appendix C, these include the following:

- GENROU (Round Rotor Generator Model), data as per NP’s data sheets in Appendix B.

- IEEET2 (Same as Gas Turbine model).
- GAST (Same as Gas Turbine model).

Newfoundland and Labrador Hydro 2
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3.3.  Unit 2 Boiler Feed Pump East

This motor is a Westinghouse, 3000 Hp, induction motor with full load current rating of
350A. Appendix D outlines the technical data associated with this motor, including a locked
rotor current of 581% of rated full load. PSS®E’s Induction Motor Dynamics (IMD) program
estimates the motor equivalent circuit data based on full load and locked rotor current,
starting and pull up torque. Results of these parameters are then used in PSS®E ’s Induction
Motor Load Model CIM5BL to dynamically simulate a motor starting analysis. The results of
the IMD program for motor equivalent and PSS®E model description are outlined in

Appendix E.

Newfoundland and Labrador Hydro 3
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SIMPLIFIED HOLYROOD PLANT MODEL
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TUE, MAR 05 2013 13:08

MOBILE
DIESEL MOBILE
GAS
TURBINE
400
NP_DSL 1
a02 «
NP_MGT 213
—
313
1.0p00
1,000 ERE 401
250 7 NP_DSL_TRF
1.0p00
1.0000

1.000
42

441 1.00C
2y UNIT 2 - 4.16KV BOARD 2y 3ls 313 g8 HRP UBL g8 i
100 | 22 ERE a3 10002 |2 e 0 o 439 1,000 o 1 oo S a2 100 2|2 =E 0 o 438 1 e
. H S |o . H S |o |
22 1 °|° i HRP UB3 a2 < |° <\ e HRPSST34 a2 < i c|° HRP UB2 a2 °|° <|° e HRPSST12 i °l°
; v 1; ;1
BFPW
1 0 1.0p00 1.0p00 1
1 0 1.0p00 1.0p00 1
650 o |o 1.000 655 o |2 1.000 652 o 1.000 653 olo 1.000 654 ole 1.000
HRD UAB3 ?|e 06 HRD SAB34 S |9 06 HRD PCB =] 06 HRD PCC S |o 06 HRD PCA S| o 0.6
Simplified Model of Holyrood 4.16kV Network

Newfoundland and Labrador Hydro



PR-PUB-NLH-172, Attachment 1
Page 8 of 50, 2015 Prudence Review

Holyrood Black Start — Motor Start Simulation

4. MOTOR STARTING ANALYSIS

The simplified Holyrood system model of a black start condition forms the basis of the
motor starting analysis. It is assumed an initial plant load of 1 MW is being fed by both NP’s
gas turbine and diesel genset in isolation from NLH system. Voltages prior to motor starting
are unity.

Results of the dynamic motor starting simulation are outlined in Figures 2 through 6 below.

Unit 2 BFPW Start - NP GT / Diesel Only
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Figure 2
Motor Starting — 4.16kV Bus Voltage

As can be seen from Figure 2, motor starting will cause a very substantive drop in voltage on
the 4.16kV bus to approximately 0.71 pu for roughly 0.5 seconds before it begins to recover.

The voltage is below 0.9 pu for approximately 2 seconds.

Newfoundland and Labrador Hydro 5
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Unit 2 BFPW Start - NP GT / Diesel Only
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Figure 4 - Motor Starting Speed vs. Time
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Figure 3 outlines the expected motor starting current in pu of the full load current of 350A.
It is expected the starting current of the motor to exceed 5 pu, which significantly depresses
the 4.16 kV bus voltage. Figure 4 outlines the pu speed of the motor from stand still to rated
speed of 3580 RPM, it will take approximately 4 seconds to bring the motor from stand-still
to rated speed. Documentation from the manufacturer states that normal starting at 100%
voltage should only take 2.0 seconds, while at 90% voltage, motor starting should be about
2.9 seconds. With the NP generators, the expected voltage will be close to 70% which will

reduce the starting torque, thus increase the time to rated speed.

Figure 5 outlines the expected MW power output from both NP generators. Both units in
parallel are capable of producing the required output for motor start. Figure 6 outlines the
expected MVAR output of both generators during motor start-up. It appears that the gas
turbine exceeds its rated output for roughly 3 seconds. The capability of the unit to operate

for this duration is questionable and needs verification from the manufacturer.
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Figure 5 - NP Generator Power
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5. CONCLUSION

Based on this preliminary analysis it appears with both NP generators operational that
starting of a 3000 Hp Boiler Feed Pump is theoretically possible, but increased starting time
and depressed voltages can be expected on the 4.16 kV buses within the plant to a value
close to 70% of nominal. Several areas of concern have been identified and need to be

addressed if Black Start capability will be required from these units. They are as follows:

1. Are there any under voltage relay protection settings on the 4.16 kV or 600 V system
within the plant that could cause equipment tripping as a result of the depressed

voltages during motor starting.

2. Does the NP Mobile Gas Turbine generator / excitation system have the capability to

supply up to 150% of nameplate rating for several seconds without tripping off-line.

Newfoundland and Labrador Hydro 9
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APPENDIX A

NP DATA SHEETS

FOR MOBILE GAS TURBINE
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APPENDIX B

NP DATA SHEETS

FOR MOBILE DIESEL GENERATOR
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MD3 Screen Shots
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Caterpillar Generator Data Page 1 of 9
GENERATOR DATA MARCH 28, 2012
For Help Desk Phone Numbers Click here
Selected Model
Engine: 3506 Generator Frame: 825 Genset Rating (kW) 18250 Line Valtage: G00
Fuel: Dietel  Generator Arrangement: 3062928 Gensed Hating (kVA): 72810 Phase Voltage: 346
Frequency: 50 Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 21949
Diuty: PRIME Connection: SERIES STAR Application: EPG Stapus: Pending
— Wirsioa: 4400 AFT1E A0MS )
Spec Information
Generator Specification Generator Efficiency

Frame: 825 Type: SR4B Mo, of Bearings: 1 Per Unit Load KW Efficiency %
Winding Type: FORM WOUND Flywheel: 21.0 025 456,3 435
Connection: SERIES STAR Housing: 00 0.5 a125 4.1
Phages: 3 Mo, of Leads: 6 0.75 1368.8 oG
Poles: 4 Wires per Lead: § 1.0 1825.0 97,2
Syne Speed: 1800 Generator Pitch: 0.6667 1.1 2007.5 97.2

Reactances PerUnit Ohms

SUBTRANSIENT - IMRECT AXIS Xy 1584 O.0250

SURTRANSIENT - (LIADRATURE AXIS H‘q IRE ] 0.3z

TRAMSIENT - SATURATED Ky 02357 00372

FYNCHRONOLS - MRECT AXIS ."{d_ 29615 04705

SYNCHROMOUS - QUADRATURE AXIS ]{q 14720 02244

NEGATIVE SEQUENCE X, 01527 00241

ZERO SEQUEMCE X, .05 ERIT B

Time Constants Seconds

OFEN CIRCUIT TRANSIENT - DIRECT AXIS Ty, 68,2860

SHORT CIRCUIT TRAMNSIENT - DIRECT AXIS T, 0.4964

COFEM CIRCUIT SUBSTRANSIENT - DIRECT AXIS T, 0.0087

SHORT CIRCUIT SUBSTRANSIENT - DIRECT AXIS T, 00077

OPEN CIRCUIT SUBSTRANSIENT - QUADRATURE AXTS T"q[, 0.0068

SHORT CIRCUIT SUBSTRAMSIENT - QUADRATURE AXIS T, 0,006 1

EXCITER TIME CONSTANT T, 0.2225

ARMATURE SHORT CIRCUIT T, 00637

Short Circuit Ratio: 044 | Stator Resistance = 0.0021 Ohms___Field Resistance = 1.003 Ohms_|
Veltage Regulation Generator Excitation
Voltage level adustment; +/= 5.0% Mo Load  Full Load, (rated) pf
Voltage regulation, steady state: +i- 0.5% Series Parallal

Voltage regulation with 3% speed change: +-  0.5% || Excitation voltage: 528 Volis 3589 Velis  Volts
Waveform deviation line - line, no lond; bess than 3.0% || Excitation current 2.8 Amps 777 Amps  Amps
Telephone infloencs factor: less than 50

Newfoundland and Labrador Hydro
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Caterpillar Generator Data Page 2 of 9

Selected Model
Engine: 3516  Generator Frame: §23 Cremset Rating (K'W): 18250 Line Voltage: 600
Fuel: DHesel  Generntor Arrangement: 3062528 Genset Rating (KVA): 2281.0 Fhase Vaoltuge: 346
Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.3 Rated Current: 21949
Duty: PEIME Conmection: SERIES 5TAR Application: EPG Status: Pending
Wergion: 400 35713 A6 31

Generator Mechanical Information

ﬁ ——————————

Center of Gravity
[Dimensicn xJj0.0 mm|j0.0 04
Dimension {00 mn[0.0 TN
|IRimension Z|)0 mm W

& "X"is measured from driven end of generater and parallel to rofor. Towands
engine fan is positive. See General Information for detalls

= """ |s measured vertically from rotor center line. Up is positive,

= "Z" s measured to left and right of rotor center line. To the right i positive

Generator WT=0kg *RewrWT=0kg * Stator WT =0 kg
0.0 LB 0.0LB 0oLE |

Rotor Balanse = 000508 mm deflection PTP
Chverspeed Capacity = 100% of synchronous speed

Gmrﬂnr Tursiuml Data

= Coupling JI= Etul:ur I3 = Exciter
lnd.Fll TOTALJ=J1+J1+]J3 End

K1 = Shaft Stilfness beiween K2 = Bhaft Stiffness between
J1 + .72 (Diameter 1) J2 + J3 (Diameter 1)

I Kl Min Shaft Dia | 12 K2 Min Skaf Dia 2 I3
0.0 LE [N, 5= 0.0 MLB 1% frad 0.0 N, 00 LE M5 0 MLE N.frad (0 I, Bl LB TN, s
M ms 00 MM mind 0.0 mmy BN me 00 MN mim {10 mm 00N m s
Tatal J

0 LB I, &%
00 M m s J
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Caterpillar Generator Data

Page 3 of 9

Selected Model
Engine: 3516 Generator Frame: £25
Fuel: Diesel
Frequency: 60 Excitation Type: Permanent Magnet Pwr. Factor: 0.8
Duty: PRIME Connection: SERIES STAR Application: EPC

Crenset Rating (KW 18250 Line Voltage: 400
Gienerntor Arrangement: 3062528 Genset Rating (k¥ A): 2281.0 Phase Voltape: 346

Rated Current: 2 1949
Status: Pending
e Werghan $W00 35715 A03ES 3]

Air Flow:

| Generator Cooling Requirements -
. Temperature - Insulation Data

Cooling Redquirements:
Heat Dissipated:

526 kW
0.0 m'imin

Insulation Class: H

Temperature Data: {Ambient 40 %)
Stator Rise: 1050
Raotor Rise: 105,07

Insulation Reg. as shipped: 100.0 ML minimum at 40 0 I

Thermal Limits of Generator

Fregquency:

Limse to Lime Voltage:

B BR 80/40

F BR -105/410

H BR - 11540
F PR - 130/40

6l Hz

GO0 Vol
18530 EVA
2IRLOKVA
2500.0 KV A
23000 KV A
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Caterpillar Generator Data Page 4 of 9
Selected Model
Eugine, 3710 Guavrater Frame; 823 Genset Ranng (KW): 18250 Line Valtuge: ti)
Fuel: Driesel  Generator Arrangement: 3062928 Genset Rating (kVA): 2281.0 Phase Voltage: 345
Frequency: 60 Excitation Type: Permanent Magnet Pwr. Facior: 0.8 Rated Current: 21945
Duiy: FRIME Comnection: SERTES 5TAR Application: EFG Status: Pending

— = Versioa 41400 35713 40365 A1
Starting Capability & Current Decrement
Maotor Starting Capability (0.4 pf)

avn | oo o TRER Motor Starting
17 1s T ‘
13| 50
I 1.5 <0 >
1,121 I I
14 ] /
1,781 150 Ll
1141 175
R 20m -
[ 2o J[ 2 ]
3,368 T
BT "
4500 A 3D
T
[FTH) ) o :
B0t “.’_'l BIQLO  S0000 108000
[T FTE
Current Decrement Data
Ec;:: AMP ::; Current Decrement
[T WATAS
[ 10 [E)
0 [T
Ll [E5E) 4
EETEE T
i [T TR
73 T4
100 £817 o A
125 [FE
150 5585 | "‘\'.‘
200 3,157 000 "‘h““‘i
140 4,530 e
=:u:n:|=| A5 e "
T a0
a3 e on inn 200 L] 404 00
35 T Gt T,

Instantaneons 3 Fhase Fault Current: [3755 Amps  Instantanesus Line - Line Fault Corrent: 12136 Amps
Instantameons Line - Meuiral Faali Cwypemi; 20404 _-*_|||P-5
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Caterpillar Generator Diata Page 5of 9

Selected Madel
Engine: 3516 Generwtor Frame: 525 Genset Rating (kW): 18250 Line Veltage: 500
Fuel: Diese]l  Generator Arrangement: 3062928 Genset Rating (kKVA): 2281 0 Phase Voltage: 346
Frequency: 6 Excitation Tvpe: Permanant Magned Pwr, Factor: 0.8 Eated Current: 2194.9
Duiy: PRIME Conmection: SERIES STAR Applicution: EPG Status: Pending
— e g 4HI 39715 40365 31
Genarator Qutput Characteristic Curves

Open Circuit Curve
g.:'; ‘Ul e Circuit
t:um-nl | un;;h a0 o ==
[ o [T v ] ~a
o w1 |

I
=

| 400
l 1rE L]

J1.1 (1]
=
&1, /

| ITa % I .

“Eﬂ

oo 400 [ =] 1200 1500 00D
Fald Cusment

Short Circult Curve

e Geor
== 9 Chort Circuit

2o rd

- /|
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Caterpillar Generator Diata Page 6 of 9
Selected Model
Engine: 3516 Generator Frame: §25 Genset Rating (kW) 18250 Line Valtage: 600
Fuel: Diest]  Generator Arrangement: 3062928 Genset Boting (kVA) 2281.0 Phase Voltage: 346
Frequency: 60 Excitation Type: Permanent Magnet Pwr. Facior: (.8 Rated Corrent: 21949

Duiy: PRIME Connection: SERIES 5TAR Application: EPG Status: Pending
. Wersiom: SH00 39715 40365 31

Generator Output Characteristic Curves
Zero Power Factor Curve

Lime -Line sl 70rn Power

100
Fialkd Lima =
C ni || Lime Vialt a0
Larme ne Yo =
TH] [ ]
T 00 _/A"‘!
g
[T )
g ][ 4w ]
168 AR 4 _4
ST 5400 -
1212 500 kil
1843 50 =00
el [ 7
akan [ 70
= [

oo 00 800 M0 00D 10008

Fisld Curres
Air Gap Curve
m - Lime Welt Adr G-I:p
020 Pl
/
L2 i
L]
oI
]
on 100 200 800 40 500
Finld Conrent
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Caterpillar Generator Data Page 7 of 9
Selected Modal
Engine; 3516 Geperator Frame: §25 Genset Rating (kW) 18250 Line Valtwge: 600
Fuel: Diesel  Generator Arrangement: 3062928 Genset Rating (k'VA): 27810 Phase Valtage: 346
Frequency: 50 Excilation Type: Permanent Magnet Pwr, Factor: 0.8 Rated Current: 21545
Dhity: PRIME Connection: SERIES STAR Application: EPG Status: Pending

— ey m— s Wb G AT G305 51

Reactive Capability Curve
Click 1o view Chart
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Caterpillar Generator Data Page 8 of &
Selected Model
Engine: 3516 Generator Frame; 825 Genset Rating (KW): 18250 Line Voltage: 400
Fuel: Diesel  Generator Arrangement: 2062928 Genset Rating (kVA): 22810 Phase Voltage: 346
Frequency: 60 Excitation Type: Permanent Magnet Pwr. Facior: 0.8 Rated Current: 21549
Duty: FRIME Ceanection: EERIES STAR Application: EPG Lratua: Mending

- - s s A (M0 715 D365 31

General Infermation

Ordra2e Catenillar Custom Ganerators (50 Hz, 60 Hz)
Crata for Custom 5Hd4, SR4B, SR4B-HY, SRA and SR5-HY
Caterplller generators basll by Lesoy Sormer - LISA and
Liray Somer — France.

Refar o DM7821 for explanation of all generator data in Technical
Marksting Information [TMI) excent generalor effickncy for which the
explanation is given below.

GEMERATOR EFFICIENCY

Ganareior efficlency ks the percentage of enging flywheel (or othar
prima mowver) powar that g convered ino eleciical oulput. The
generdorn efficiency shown iz calculated by the summation of all

lnsses methad, and i delemined in accordance with the IEC Stendard
60034, The efliciency congiders only the generator, Thera ks no
conssergtion of engine or parasitic losdes hene

Newfoundland and Labrador Hydro
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Caterpillar Generator Data Page D of 8
Selected Model
Engine: 3516 Generator Frame: §23 Genget Rating (kW) 18250 Line Voltage: 600
Fuel: Desel  Generator Arrangement: 3062928 Genset Rating (KVA): 22500 Phase Voltage: 346
Frequency: 8 Excitation Type: Permanent Magnet Pwr. Factor: (.8 Rated Current: 2194 9
Dty: PRIME  Connection: SERIES STAR Application: EFG Status: Pending

e ——— - - = Yrsloa; AIHN] 33705 40365 31

internal Information

Max Elock Load @ 0.0 Max Motor Load - 0.0 Max Single Step : (.0
Block Kg : 0076 Muotor Kg : 0,099 KV A Derate : 2281.0
Derate Code : BE Temperature Rise: 103.0 Target ckW: 18250

The user information for this generator is unavailable for reference.
Generator Data Uploaded On: October 06, 2011

Catarplllar Confidential: Green

Content Oaner: Share Gilles

Wab Master(s} FSG Web Based Syslems Sypaort
Current Dade; Whednesday, March 28, 2012 8:17:20 Al
L Catarpillar Inc. 2012 AR Rights Resared.

Dala Privacy Slalemant.

Newfoundland and Labrador Hydro



PR-PUB-NLH-172, Attachment 1
Page 30 of 50, 2015 Prudence Review

Holyrood Black Start — Motor Start Simulation

:| Leading

Operating Chart

Lagging
1.2
L.0FF B PF

Engine Limiz

kW Rated kKvA
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APPENDIX C

PSS®E DATA SHEETS

FOR GAS TURBINE AND MOBILE DIESEL GENERATOR
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SIEMENS
Genarator Model Data Sheats PSS‘EE 333
GENROU P5S®E Model Library

Mogie. GAs TukbiNE ( dae previded by
119 GENROU MG T NP - Brad Todker Jonr7/13)

Round Rotor Generator Model (Quadratic Saturation)

This model| is located at system

R # __  |BuUs,
Machine identifier ‘ #_____ 1D, p, PMECH | SPEED  read
I:l;.s model uses CONs starting " £y —EFD ISORCE, coirce Current
and STATEs starting with # K. %" ARNROY | ETERM o, Terminal Voltage
The machinaur.::lutf: is I'I.f"lﬂr B;;Eh of Bus
ZSORCE for this machine is +j [ANCLE » Angi
on the above MBASE
CONs # Value Description
J 5.0 |7 do(>0) (sec)
J+1 o.04 | T"d (>0) (sec)
J+2 |.5 |Tqo(>0)(sec)
J+3 0.08 | (>0) (sec)
J+d |.oo [H Inertia
J#5 O D, Speed damping
J+6 0.2475|*4
37 6.9 |%a
J+8 0.2779[*¢
Je o.lb [Xaq
J+10 0.1883[ %4 =X
J+1 T I .
Je12 o.12 |S(1.0)
JH13 o. bo |8(1.2)

Note: Xg, Xg, X'g, X'g, X"g, X"g, X, H, and D are in pu, machine MVA base.

X'q must be equal to X"y,

MVB ks = 1+5

Newfoundland and Labrador Hydro
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SIEMENS
Generator Model Data Sheets pss®E 333
GENMROU PSSPE Madel Library
Mogie. Diesel.  MD3 ( dotho provided by NP~
1.19 GENROU Bred Tuckar, Jan. 7 12)

Round Rotor Generator Model (Quadratic Saturation)

This model is located at system

gite #  IBUS,
Tr‘:::h:::d?:;::{cma starting vl T
with ® 4, Efy L Mﬁ Source Current
and STATEs starting with # K ' Vr %ﬁ- GENROU | ETERM o, Terminal Voltage
The machlneuh:‘g_is F;uﬂzﬁ;esaéh of Bus
ZSORCE for this machine is *] ANCLE » Angle
on the above MBASE
CONs & Value Description
d 5. 0o |Ta(>0)(sec)
J+ o.o4 |7 do (>0) (sec)
J#Z I. 50 |Te (>0) (sec)
J+3 o.08 |V (>0)(sec)
J+4 |-e |H. Ineria
J*5 o D, Speed damping
J+E .ol R
J+7 o.90 |%a
J+B 0.1 bb3 Ay
i o-lo [*a
J+10 0.1237| %"= X"
J+19 o.1 |A
J+12 o7 [S(1.0)
J+13 0.bo |501.2)

Note: Xy, Xg, X'g, X'g, X"y, X"g X, H, and D are in pu, machine MVA base,

X g must be equal to X'y,

MNALege = 3.0k
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SIEMENS
Excitation Systam Model Data Shaets Pss®E 3aa
|EEET2 PSS®E Model Library
ASSumEed SETTINGS SAME AS
6.40 IEEET2 Green Ll GAs Tkl ~ E ( ?_1.1:'_{3* "ng)g =3
IEEE Type 2 Excitation System insteed of O )
Thiz model is located at system bus ¥ 1BUS,
Machine identifier # 10, —ECOMP
This maodel CONs starting with ¥ J YOTHSO |
IS Model uses . 5 ng wi 5 v—m- FEET? EFD
and STATEs starting with # , — FLEL o
and VAR W L. — VL
T CONa " Wl Deacription
| o .035| TR (sec)
J+1 o0 |Ka
J#2 o.22 Ty, (seC)
J+3 .0 | VRMax or 28r0
J+d o [VRMIN
J+5 O KE
J+6 1. o | Te (=0} (sec)
7 o.fB| KF
J+8 0.3% |TF1 (>0) (sec)
J+8 i.oo |Trz (=0 (s=c)
J+10 . B2 Eq
H11 0.5 |SeE)
J412 2 43 |Ez
J+13 b. Blo SglEz)
STATEs ] Description
K Sensed V1
K41 Regulator output, Vg
K+2 Exciter cutput, EFD ]
K+3 Firet feadback integrator
K4 Second feedback integrator
VAR # Description
L Ke

Al maferal cantained in this documenfalion is propaefary fo Siemens industry, [ne., Siemeans Power Technologles intemational
6-80
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SIEMENS
Turbime-Governcr Model Data Sheeis
GAST

pssPeE aaa
P5SPE Model Library

BSSummED Medel. Fo Mol DWESEL

A GRS TullE‘:-l.ruE_I SAME As GREENIMLL (oAS
Gas Turbine-Governor Tupewe (excgrt Ve

wwiireosed from 0.8058 e

7.5 GAST

This model is located at system bus  # IBUS,
Machine identifier i ID, l.o)
This model usas COMNs starting with J, SPEED GAST FMECH
and STATES starting with ¢ K, Speed Power
and VAR f, L
CONs: " Value Description
J O.0f R (apoced droop)
Je1 o. 4o |T1>0) (sec)
J¥2 0. I (] TE [}u:l ':EE':]
J+3 2, po |T3(*0) (sec)
Jod Amblent ternperabure load limit,
l.o  |AT
b 2.0 |K
J6 .o |Vmax
J+T o Wi
J+B O P
STATEs # Description
K Fuel valve
K+1 Fusl flow
K+2 Exhaust temparatura
VAR # Description
L Load raference
Wmiax, ¥min, Dy 8nd B are in pu on generater MYA base.

IBUS, 'GAST, ID, CON(J) o CON{J+E) !
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APPENDIX D

3000 HP INDUCTION MOTOR DATA
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TECO-WESTINGHOUSE MOTOR COMPANY
ROUND ROCK, TEXAS U.S.A.

CUSTOMER NEW FOUNDLAND & LABRADOR HYDR DATE - FEB 19, 2013
CUSTOMER ORDER NO. 1022269

APPLICATION ELECTRIC UTILITY PUMP

S.0. 8052AA

DATA FOR WORLD SERIES, HORIZONTAL, BRACKET TYPE INDUCTION MOTOR

1. RATING

HP 3000 HERTZ 60.0 INSUL CLASS F
RPM FL 3580 SERVICE FACTOR 1.15 KVA CODE E
VOLTS 4160 RISE C (1.00 SF) 80 DUTY CONTINUOUS
AMPS FL 350 METHOD RES NUMBER OF POLES 2
PHASES 3 AMBIENT C 40

2. MECHANICAL

FRAME 5011 BRG TYPE SLEEVE END PLAY INCH 0.50
ENCL TYPE Wp2 LUBE TYPE FLOOD MOTOR WK2 423
ROTATION(FROM NDE) CCW LOAD WK2 70

3. STARTING PERFORMANCE - NOMINAL, VALUES WITH (*) ARE GUARANTEED

100% VOLTS 90% VOLTS

AMPS (LR) 2032 1789

AMPS (LR) % 581 511

POWER FACTOR % 15.2 14.8

START TORQUE % 78 60

ACCELERATION SEC 2.0 2.9

SAFE LOCK SEC FROM HOT 9.2 11.8

SAFE LOCK SEC FROM COLD  10.7 13.7

PULLOUT TORQUE AT 100% VOLTS = 248 %
4. EFFICIENCY - NOMINAL

LOAD % 115 100 75 50
EFFICIENCY % 96.67 96.86 97.03 96.82
5. POWER FACTOR - NOMINAL

LOAD % 115 100 75 50
POWER FACTOR % 91.2 91.6 91.3 88.6
6. POWER FACTOR CORRECTION

MAX KVAR = 327 MAX FL P.F. = 95.8 %

Newfoundland and Labrador Hydro
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Version 1.0.8

GraphiC 7.1 Feb. 19, 2013 1:59:28 PM

Induction Motor Starting Characteristics

Calculated at 100% Line Voltage

NEW FOUNDLAND & LABRADOR

Customer

8052AA

Design.ID
Engineer

ELECTRIC UTILITY PUMP

Application

T.NGUYEN

3580 Load Curve ASSUMED

2 Volts 4160 Rpm(fl)

Hp 3000

Poles
Pf

581

Lock Amps(%)
F1 Torque(lb-ft)
Lock Torque(%)

3600

350 Rpm(syn)
Load Wk?

F1 Amps
Frame 5011

4400

70
423

0.92

78

Motor Wk?

Hertz 60.0

3

Phase

2.03

poadg snouoiyouk

n

%

250% Torque
600% Current

240 360 430

120

Round Rock, Texas

Curve No.

TECO-Westinghouse Motor Company

Signature
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Version 1.0.8

GraphiC 7.1 Feb. 19, 2013 1:59:28 PM

Induction Motor Starting Characteristics

Calculated at 90% Line Voltage

NEW FOUNDLAND & LABRADOR

Customer

8052AA

Design.ID
Engineer

ELECTRIC UTILITY PUMP

Application

T.NGUYEN

3580 Load Curve ASSUMED

2 Volts 4160 Rpm(fl)

Hp 3000

Poles
Pf

s11

Lock Amps(%)
F1 Torque(lb-ft)
Lock Torque(%)

3600

350 Rpm(syn)
Load Wk?

F1 Amps
Frame 5011

4400

70
423

0.92

60

Motor Wk?

Hertz 60.0

3

Phase

2.86

.Time(sec)

poadg snouoiyouk

n

%

250% Torque

200
480

600% Current

240 360

120

Round Rock, Texas

Curve No.

TECO-Westinghouse Motor Company

Signature
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Version 1.0.8

Round Rock, Texas

Curve No.

% Current

GraphiC 7.1 Feb. 19, 2013 1:59:28 PM

Time vs Current and Thermal Limit Curves
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Time vs Current and Thermal Limit Curves

GraphiC 7.1 Feb. 19, 2013 1:59:28 PM
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Round Rock, Texas

Curve No.

% Current

TECO-Westinghouse Motor Company

Signature
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APPENDIX E

PSS®E DATA FOR 3000 HP INDUCTION MOTOR DATA
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SIEMENS

Pss®E 333
P35%E Model Library

Load Characterstic Model Data Sheets
CIMSEL, CIMSOW, CIMSZN, CIMSAR, CIMSAL

9.2 CIMSBL, CIM50W, CIM5ZN, CIMSAR, CIMSAL
Induction Motor Load Model

Thizs model uses CONs starting with L d,
and STATEs starting with i K
and YARs siarting with i L
and ICON i M,
and Resarved ICOMs starting with .. N

CONa Value Description

d p.o2Z |Ra

F end *a

#2392 [Xm>0

#3  |o.047|R1>0

J+4 f 054_ Xy=0

J+a o.00585

Ra (0 for single cage)’

M6 pd30

Xz (0 for single caga)

T .o |E120

J+8 o.17 [3En

J+3 (.7, |E2

J+10 o- 51- 5(Ez)

B (2 615 (MBASE?

J+12 L PMULT

J+13 o - 58 |H (inertia, per unit molor basa)
J+14 o [VitpuP

M5 | e | T (eyclesy?

JH1E o.0BBS T (cycles)

J+17T 1-D D (loed damping factor)

J+18 c,‘—l_qb

Thoms Load torque at 1 pu speed
{usad for motor starting only) (= 0)

1 Ta moded sings cage mator- set Rz=Xz=0.
2 Whan MBASE = 0, mator MVA base = PMULT « MUV load. Whan
MBASE > 0, modor MVA base = MBASE.

3

| is the par unit valage level bekow which the relay to ip the

motor will begin tming, Te disable ralay, set V) =0,

Ty Is tha tima In cyclas for which the voltage must remain balow

the threshold for the relay to g, Tg is the beeakar delay time

Gyches,
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SIEMENS
Load Characteristic Medel Data Sheats pss®E 333
CIMSBL, CIMSOW, CIMEZN, CIMBAR, GIMEAL PSS®E Modal Library
STATEs Value Description
K E'q
K+1 E'g
K+ E'
K+3 E"q
K44 A zpead (pu)
K+5 Angle daviation
ViidRs Value Description
L A_::Imitlan:u af Initial condition Mwar
dilference
L+1 Motor Q )
: L+2 Taiee (pu motor base)
I L+3 A
L+4 T (pu on maotar base): 2
L+5 I
| L+6 o
| L+7 Motar curment {pu motor base)
| L+B Relay trip time
| L+8 Breaker trip time
L+10 MVA rating

1 Load tarque, Tp = T (1 + Dwl®?

2 For mokar starting, T=Tngm i specind by the usar in CON [J18),
For maotor onling studies, T=To is caloulated in the code during
Initizbzation and stored in Vel (L+4).

ICON Value Description
M z IT, motor type (1 or 2)
R‘:E";’;:d Value Description
M Relay action code
i M+1 Relay frip flag
M+2 Breaker action code
M+3 Breaker trip flag

I, "CIMSxx, LID, ICON{M), CON(J) to CON[J+1B) [
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SIEMENS

PssPE 33.3 Load Charactenstic Model Data Sheats
P5S®E Mode! Library CIMSBL, CIMSOW, CIMSZN, CIMSAR, CIMSAL

LID is an explicit load identifier or may be * for application to loads of any 1D associated with the

subsystemn type.
Model suffix xx | Description
BL Bus number
oW Cwner number
ZM Zane numbear
AR Araa number
AL ]
Typa 1 Type 2
R+ % I-!.t-a-j'l»rﬁ jrl
L —_— } { ]
i X L X
N % 1%z o "j | X
" R, Ry 5] ARy
) E r s

Impedances on Motor MVA Base

RATING @ ZJooe HP @ assumed pF=o0.89

EDD::- !'-?-4'['—" _ 2-'5'5 FERTE
o. R3S

Mool wk = 423
LoAd i —m_t;_,qsfu,...a)

493

=l % z
Mz 6.23] xi0  (RPm) = Wk
s
Bl e,

Z
H= ©0-23) xie © (3580) X *ﬁi
2515

H= ©0.5%%
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- —_— ks
E: SHE| =
& ara| =
= =5z f

- |
B
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|'.'.:'.'=L
[t
- m
=
= 1
o3
o X
=
P
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m
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- =0
a oo
i na
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=
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[=]
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—- m
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Ly
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o
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=1
fii o
=
=1
o
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| o
=
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o P
T
o
o
e
£ ru
= 1)
| - =
1 _l=

l_E-jH_ C—‘F'“I*[b SranTid b TeRGGE = L"l-_.u"IE-'L__ 695k
I m. |-8677 =-9fs
Pe s ca18
A forser Toil= 3% - 2415
B lesar 0-TISE FYETA
Toran, 5. 8o
. ©o.946
fEsvte  0-25 AL, Lot T2 .::‘ =[.2
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