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Quanta Technology

Smart Solutions, Real Results

Premium technical & business We are...
consulting

= Seasoned staff including former utility
executives and engineers with 25+ years of

Independent arm of Quanta _ _ _ el
practical experience serving utility industry

SRS = Talented mid-level and junior staff poised to

Industry thought leaders: become industry leaders

practical experts = Many patents, books and published articles
= Thought leaders, actively involved in

Headquarters in Raleigh, NC development of industry standards and

. . . evolving planning and operation practices
U.S. and international regional &P 8 P P

. = Advanced Degrees, Professional Licenses &
offices

Certifications (PhD, PE, MBA, PMP), IEEE

Extensive T&D Experience Fellows
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Quanta Technology Locations

Strategically located operations serve the North
American utility base

Toronto Office

2900 John Street, Unit 3
Markham, Ontario, L3R 5G3
Canada

Boston Office
Oakland Office 325 Donald Lynch Blvd.
428 13th Street Suite 210
9t Floor Chicago Office Marlborough, MA 01752
Oakland, CA 94612 1200 Roosevelt Road

Suite 400

Glen Ellyn, IL 60137

Headquarters

4020 Westchase Blvd.
Suite 300

Raleigh, NC 27607

Escondido Office
525 Corporate Drive Houston Office
Escondido, CA 92029 2800 Post Oak Blvd,
Suite 2600
Houston, TX 77056
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RTDS Testing — Latest Project

Alberta PowerLine

Fort McMurray West 500 kV Transmission Project
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Test Application

= Test included test of protection and control devices for two 500kV transmission
lines

« 12141 is a ~415km shunt compensated transmission line connecting Livock substation
to Sunnybrook substation (an AltaLink owned/operated substation)

« 12144 is a ~100km shunt compensated transmission line connecting Livock substation
to Thickwood Hills substation

« Shunt reactors are installed at each line terminal

« 500kV line protection is provided by two primary distance protection systems using
Siemens 7SA522 devices for system ‘A’ and SEL-421-5 devices for system ‘B’.

« The systems utilize high-speed communications assisted permissive over-reaching
transfer trip (POTT), direct under-reaching transfer trip (DUTT) and direct transfer
trip(DTT) schemes with time graded stepped distance elements for communications
independent backup protection

« Shunt Reactor Protection include the REC670 and SEL-487E devices
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RTDS HMI
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Alberta PowerlLine : HIL Test Set-Up
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New RTDS Shunt Reactor Model

Non-Linear model of Shunt Reactor

:

LU

J J1

L
W

g2 a2 2
N ]-‘N Nr[
Name Description Value Unit

Name Component Name SR1A

TName Terminal Label A

cnfg Format of Reactor Electrical Data Input MVAR -

Vbsin Rated RMS Line-to-Neutral Voltage 303.11

HTZ Base Frequency 60.0 Hertz

Rmvar Rated MVAR of the Reactor 16.7 MVAR

CulL .Copcer Losses 2e-3 p.u

Coretyp .T,pe of the Reactor Magnetic Core Iron Core -

satur Specification of Reactor Saturation Curve Points S

Xl 'Reador Leakage Reactance 0.3 p.u

MfacAir .l.lmual Coupling Coefficient of Sub-Windings (<1.0) for Air-Path Flux 0.0

FLTprc1 Percentage of the 1st Point of Fault from the Neutral 50

FLTprc2 vPercentage of the 2nd Point of Fault from the Neutral 30

Icon Show component icons as Small B

- It contains three sub-windings and two junction nodes in addition to the
terminal nodes.

- The model allows users to apply turn-to-turn and turn-to-ground faults
for a single-phase shunt reactor.

- The user has the option of specifying reactor core type: air-core or iron-
core.
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Communication Delay Simulation

= A communication latency of 16 ms had to be simulated
= |ogic of relay cannot be changed for test!

7SAS522 SEEJ;zi SEE':ZI 7SAS522

Fast Ch.

Com. Channel Delay Simulator (delay upto 1 cycle)
Com. Ch.
Slow Ch. Delay
(Microgrid
Controller)

Fast Ch.

= No commercial solution was available-> Quanta Technology developed customized
solution for this test
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Test Plan-Functional Tests

Z:1 12141 Line Protecton FUNCEIONAN TESES...uuusiisiarsasi msssssani isssinssn ssasasssnssonis isasssnsmis semiss sns son sismsn s snsasin s 1.9 / 7.1.1 Basic Internal Faults
*  Temporary metallic internal faults

711 Basic Internal Faults .. eI 2 ¢ Fault duration = 200 ms (12 cycles)

712 Basic Internal Resistive Faults ... B ECSL T LT E T RSP PEO ST RSO 22 *  Only fast communication channel is active in Siemens and SEL protection

7.1.3  Permanent Internal Resistive Faults . o Cases #1a, #1b: Heavy load with system normal is simulated

7.14  External Faults.... *  Faults locations H (note: locations | and K are considered in reactor functional tests).

7.1.5  Evolving Faults_...._._..

7.1.6  Breaker Failure — Fails to open... Siiifiiszziziasiisiasiiissisiisizsciississasizsiis: Table 7-1-1: Internal Faults

7.1.7  Breaker Failure — Fails to closa .. B eSS TestCase| Fault Fauke | P | rak | Fauk

- - i Percent Duraion z Load

7.1.8  Switch-Onto-Fault ...... O # | Location wE= ||| AR =

719 Power Swing Blocking Test....... L41 1101 H 0.00 BG 7] 0 0.01 Case#la

7.1.10 Communication Failure L41 1102 H 0.00 AG 12 (] 0.01 Case#lb

7.1.11 Energization from Thickwood Hills ... L is: H 000, 1 BRG L =1 00 Lase#lb
141114 H 0.00 BC 12 60 0.0 Casedla
41 105]  H 0.00 ABC 12 o0 0.0 Case#lb

7.2 12141 Shunt Reactor Protection FUNCHONA] TESTS ... iecnciicnimsinss s s s e s e s a7 L41_1106 H 10,00 BG 12 0 0.01 Case#la

B ; ; 4117 H 10.00 G 12 0 0.01 Case#lb

721 APL Livock 12141 Terminal Shunt Reactor: Internal Faults . 141_1108 H 1000 BCG 12 30 0.01 Case#lb

7.22  APL Livock 12141 Terminal Shunt Reactor: Line Switching . L411109] H 000 | cA » 60 0.01 Case#la

723  AML Sunnybrook 12141 Terminal Shunt Reactor: Internal Faults. 40 LI, H LA, AR L O A 00 L CaseklD

i 3 5 TR 411111 H 30.00 G 12 0 0.01 Case#la

724  AML Sunnybrook 12141 Terminal Shunt Reactor: Switching Onte Internal Faults ......... 42 Wiins|  m a0 | e = i L P

7.3 12141 Protection Operating Time BatCh TRSES criieirierir e re e s s e re s e sra e srana e e e e nanene 43 |_41:1113 H 3000 CAG 17 30 0.01 Case#lb

141114 H 30.00 LB 12 &0 0.01 Case#la
41115  H 3000 | ABC 12 %0 0.0 Case#lb
411116 H 5000 | AG 12 0 0.0 Case#la
41117 H 50.00 oG 12 0 0.01 Case#lb
141118 H 5000 | ABG 12 20 0.01 Case#lb
41118 H 50.00 BC 12 60 0.01 Case#la
1411120 H 5000 | ABG 12 20 0.0 Case#lb
411 H 7000 | AG 12 0 0.01 Casedla
1411122 H 70.00 BG 12 0 0.01 Case#lb
411123 H 7000 | ABG 12 30 0.01 Case#lb
141 1124] H 7000 BC 12 60 0.0 Casedla
141 1135]  H 7000 | ABC 12 90 0.0 Case#lb
1411126 H 000 | AG 12 0 0.01 Case#la
411127 H 90.00 BG 12 0 0.0 Case#lb
1411128 H 3000 | ARG 12 30 om Case#lb
141 1128] H 90.00 BC 12 60 0.0 Casedla
1411130 H D000 | ABC 12 o0 0.0 Case#lb
141 1151 H 10000 | BOG 12 0 0.0 Case#la
411132 H w000 | ca 12 20 0.0 Case#lb
1411133 H 10000 | ABC 12 60 0.01 Case#la
1411134 H 0000 | CG 12 %0 0.0 Case#lb
1411135 H 10000 | EG 12 90 0.01 Case#la
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Test Plan-Batch Tests

7.1 12141 Line Protection FUNCHIONEA] TESES. i s sisssss sansas sismssmsss sansas s 15
7.1.1 Basic Internal Faults .. . . 20
7.12  Basic Internal Resistive Faults O . );.
7.13  Permanent Internal Resistive Faulta ______________________________________ 25
7.14  External Faults ... . 26
7.15 Evolving Faults ... B 2
7.1.6  Breaker Failure — Fails to open... Saiiiiiinziisiiiiiniisiiisiisiiniisiiisiisiisiisiiiisiistiisiziiasissiast 30
7.1.7  Breaker Failure — Fails to close .. e O e e PP TR 31
7.1.8  Switch-Onto-Fault ... e -
7.1.9  Power Swing Blocking Test ....... = - 1.3 12L41 Protection Operating Time Batch Tests
7.1.10 Communication Failure 52 S <% After the functional testing, the final settings will be tested with extensive operating time batch tests simulating

7.1.11 Energization from Thickwood Hllls ____________________________________

e o b

QUANTA
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internal line faults and external system faults. The batch tests shall be configured to simulate the conditions
listed below.

Internal Batch Tests (Per Appendix D of the AESO Functional Specification)
* Three fault locations will be tested: H(0%), H(50%) and H{100%)
At each fault location all ten fault types are to be applied: AG, BG, CG, AB, BC, CA, ABG, BCG, CAG

2141 Protection Operatmg TiME BAtCh TSt ...l e csessresvasseecsessenressnssssassssssmsssessnsesseras and ABC

* Ground faults will consider 0} fault resistance (per AESO documentation, defined clearing times for
ground faults are for solid ground faults)

* For each fault type the following fault inception angles are to be applied: 0, 10, 20, 30, 40, 50, 80, 70,
80, 90, 100, 110 and 120 deg. of phase A

* The above tests will be carried out considering the following load flow/system contingency cases: #1a,
#1b, #3, #4 and #5

e FEach test will include line energization with a stabilization period (=4s) followed by the fault event
Energization from both terminals is possible, thus, tests will be configured in a way that energization will
be simulated from alternating terminals.

External Batch Tests

*  Six fault locations will be tested: C{0%), A(50%), A(100%), L(0%), L (100%]), M(100%)

* At each fault location all ten fault types are to be applied: AG, BG, CG, AB, BC, CA, ABG, BCG, CAG
and ABC

o Ground faults will consider 00} fault resistance

* For each fault type the following fault inception angles are fo be applied: 0, 30, 60, 90 deg. of phase A

* The above tests will be carried out considering the following load flow/system contingency cases: #1a,
#1b, #3, #4 and #5

* Simulated adjacent cleanng times to include: high speed clearing {i.e. communications assisted) and
delayed clearing (1.e. communications failure or breaker failure).
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AESO Timing Requirements

Single Line To Ground

Location Multi-phase Faults Faults
Line Near-end Clearing Time 3.5 cycles 4.5 cycles
Line Far-end Clearing Time 4.5 cycles 5.5 cycles
Substation Fault Clearing Time 3.5 cycles 4.5 cycles
Breaker Failure Near-end Clearing Time | 9.0 cycles 10.0 cycles
Breaker Failure Far-end Clearing Time 10.0 cycles 11.0 cycles
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Test Results

Approx. 3500 cases were tested in 3 weeks

During functional Test (ca. 200 tests)

- 2 critical setting problems where found
- Switch onto fault pick-up level was to sensitive

- Overreach of zone 1

« 5 setting improvements where detected and implemented
- Incorrect logic

- Timer adjustments

One critical firmware issue was found during sophisticated batch test of 3500 test
(requirement of AESO)

- Firmware bug caused wrong direction determination for external fault

« Quanta Technology supported customer and manufacturer during the revision of the
firmware

Communication delay simulation devices was developed particular for this test

Confidential & Proprietary | Copyright © 2019
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510 0 LivockLine

510 0 LivockLine

510 0 LivockLine
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NERC Protection System Misoperations Task Force 2013

Figure 2: NERC-wide Misoperations by Cause Code (lan 1, 2011 - April 1, 2012)

AC system,
193, 8%

As-left
personnel
Communication error, 201, 9%
failures, 396, 17% DC systemn, 112, 5%

Refay failures /
malfunctions, 465,
2%

Incorrect setting /

logic / design errors, Other. 11. 1%
# P

b8, 28%
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Advanced Automation & Testing Process

= Advanced Automation & Testing Process Used by Quanta Technology

Conducting RTDS testing is a budget and resource commitment which should not be
underestimated.

Quanta Technology utilized a combination of testing automation and process
enhancements to reduce the time it takes to conduct RTDS testing, while
simultaneously improving the quality of the results.

Our goal has been to optimize the process to ensure all necessary tests are conducted
as efficiently as possible

Defining Test Plan

Building Power
system model

Program Control Building Hardware
Elements and Logic Test Set-Up

Program Script Files
for Automation

Conducting Test

Summiarizing Test Results

Evaluating Test Results
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Test Plan

Test Plan (tabulated) Script input file

1
8
5
4
4
2
2
9

Fault | Fault Angle
Test No.|Position| Locatio [Degree
[4] n ]

1001 01 F iy 0

1002 | 01 F
1003 | 01
1004 | 01
1005 | 01
1006 | 01
1007 | 01
1008 | 01
1009 | 300
1010 | 300
1011 | 300
1012 | 300 F

Initialization */

4

Automation

string fName = "C:\xy 1B.txt"; /¥ Input File */
fopen(fName, "r") ;

for ( k=0 ; k<33 ; k++ ) /* Increass K for more test cases,
Maximum ig 54 ‘wwd/

{
[uwiiekt pead from File “vew/
f3canf (£Name, "3d", FLTcase) ; s H t f'l
Eacant (e, "41", FLlpezeent); Cript program ftile
fscanf (£Nane, "$3", FLTLoc) ;
£scanf (£Nams, "$d", FLTtypelmb) ;
fscanf (ENane, "$£", FLTresist) ;
£scanf (fName, "$£", FLTangle) ;
SetSlider "Subsystem §2 : CTLs : Imputs : FltDurxxx2"=150; //10
cycles fault duration
SetDial "Subsystem §2 : CTLs : Inputs : LGTYPxxx2" = FLTtypeNmb;
Setslider "Subsystem $2 : CTLs : Inputs : FltAngxxx2" = FLTangle;
setslider "DraftVariables : Lenxx" = FLTpercent;
SstSlider "DraftVariables : RE" = FLTresist;
Start;
SUSPEND 3;
PushButton "Subsystem $2 : CTLs : Inputs : FltActxxx2";
SUSPEND 0.141;
ReleaseButton "Subsystem §2 : CTLs : Inputs : FltActxxx2";
SUSPEND 3;
sprintf (mystring, "C:\x\d_bs", version, Fllcase, version);
ComtradePlotSave "xxx",mystring;
SUSPEND 3.00;
sprintf (mystring, "C:\y\%d_bs", version, FLTcase, version);

1
1
1
1
1
1
1
1
1
1
1
1

ComtradePlotSave "yyy",mystring;
SUSPEND 3.00;

Stop;
}
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Test Results Summary

Automatically Generated Summary of Test Results

Fault Angle
. |Type of| Rf 9
Test No. Locatio [Degree —
fault | [ohm] Faul dzsortton Raeqn el times are i ms)
n ] Test o Fau: Poston ]| eut Locaion]Type cf ack RE o] ange Degrse Contrede Fle__TipR Dt Aided O] DEF T EF Serd[DEF Rec.[SOTF Tip Dt Carir Send]Ds: Crir e | C oze [ A% Star | Block] 453 7ig| C3R | CBY | C3B

01 [ Fl [E ) Rl g 10T VICT 92 BE B 5 (3 I ERAEAEE W9 | 925 | 10677 | 104566

1001 F1 AG 005 EUL 1002 01 F 4G 208 90 Ralegn 1002 VIC7 83 295 83605 1776 | 944 2555 | 4835 [ 1044 88| 1043 €5

1002 F1 AG 005 90 1002 01 F AE s 150 Ralegn_1 VICT  1€35 BBBE( 189 | 9428 283 | 484 | 41 a
1004 01 F AE a8 L) Ralegn_1004 VIC7 1795 z €953 | 185E | 9426 275 % 4735 | 463¢

1003 F1 AB 0.05 150 10 0 Fi a6 | 25 ) Relogn 10 VI 1615 1 €3] 198 | 429 @5 | 44 | 414 | 476
1006 0 Fl a6 s | W Rabor 106 VIT 86 - €958 2 | w7 67 |4 | 8 | 6%

1004 F1 AB 0.05 B0 1007 01 F a3t | o ) Rale g 1007 VIC7 84 %1 | 4845
1008 01 F A3CG a8 90 Ralegn_1C0E_VIC7 1655 2405 | 46

1005 FW AEG 005 0 1008 EY F 36 s 120 Ralegn_100¢_V1C7 *021.26 2535 | “0E13
101 1 Fi EC L ) Ralegn_I01C_VICT “0455% wr |t

1006 Fi ABG | 0.05 50 1ot E] al x| W Rabg 101 VITT 204 FERIEYS
10tz 1 Fi R ) Ralogn (012 VI 2015 nm | w2

1007 F1 AEC 005 0 1012 EY F 3C6 a8 120 Ralegn_1 VIC7  *BE | 1905 | 179 a1 | 4865
1014 EY F 3C6 208 3 Ralegn 1014 VICT 202 196 | 1865 2145 | €025

1008 F ABCG | 0.05 El 10t 1 F1 BA | 265 | 120 Releg I0EVIT 206 | 21 | 207 245 | 08
1016 1 Fi BAG | 065 | W Rlogn 106 VIT 2095 | 1936 | 16 8% | 5

1009 F 56 005 120 107 [0 Fi || @ Ry ICIT_VICT 10752 | “0784 | 835 o | 26 | 95555 248 | 10525
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Process Automation
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Conclusion

= To select appropriate number of test cases is a difficult task
= Time and budget constrains often dictate number of test cases

= Automation enables more effective testing
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