S — Electrical Trensient Analyzer Program

ETAP &
etap } Total Enterprise Solution

ETAP Real-Time

.I'-"c Waring Success

Enterprise Software Solution for
Electrical Power Systems
ETAPOS S, &7, HITH 9 M) X A|Asiol
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AXILINY &R HYULICE
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ETAPZ &7 & HIE 3! MY T AS TIIEA, AEd|04d, Mo, X3}, Xt&

Low Voltage

Industrial Generation

Transmission Transportation

Distribution

ETAP User Support
Upgrade & User-Support Contract(UUC) -Maintenance

ETAP Upgrade & User Support Contract(UUC) — Maintenance= ETAP AZEQME Pt HIE HI20|=2t 7= XS HSLOZIM, HAtS]
ETAP SXITHH|, £89| HIE 21HE EFYLICH |XIE4 A2fe] Hils Soff, HAIR] 2& T AA- FM Z2MEQ| et ETAPS| MZR 7|s2t
ZHQIOE A B IS X|AXOZ HIZES & QI&L|CH

= T My

Free Version upgrade / 2Xtt X 7l& MZE M& / A4 210|E22| YHI0IE

User Group Meeting

ETAP User Group Meeting TAIS9| AV|= 2, 3| 7t sl
AIX|LIIS A HEXRI ETAP 28 Wokg BR6t0 1 E8-e Sliiste SACE JhAlst ULLICH

I_ =
ETAP User Group Meeting2 LS AtS EeHoi |Ct

ETAP Project0]| CHEt Engineering ARG / ETAP X4 H30|= AR A7H, T7|8H| 7|,
77| R Jle BE S8 0¥StE MOILIEE / ETAP User 2t XI2EQ,

ETAP User Group Meeting
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QA Standards

ETAP Quality Assurance Program2 MHAHHOZ QL= EF Q152 HIOOH X|&XMOZ gHXA|F| 1 QUSLICE,

Registered to 1SO 9001 : 2008

¢

ACCREDITED

ANSI/NCSL Z540-1

Certification No. 10002889 QM08

1SO 9001:2008
Model for Quality Assurance in Design, Development, Production, Installation and Servicing - 1SO 9001:2008 Registered Certification Number 10002889 QM08

United States Code of Federal Regulation, Title 10 CFR Part 50, Appendix B

Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants

United States Code of Federal Regulation, Title 10 CFR Part 21

Reporting of Defects and Noncompliance

United States Code of Federal Regulation, Title 10 CFR Part 50.55

Condition of Construction Permits, Early Site Permits, Combined Licenses, and Manufacturing Licenses

ANSI/ASME N45.2 - 1977

Quality Assurance Program Requirements for Nuclear Facilities

ASME NQA-1 (includes Subpart 2.7) 1994, 2000, 2008, NQA-1a 2009 addenda

Quality Assurance Requirements for Nuclear Facility Applications

1SO 9001:2008

Quality Management Systems - Requirements

IEEE 730.1 - 1995

IEEE Guide for Software Quality Assurance Planning

CAN/CSA-Q396.1.2-1989

Quiality Assurance Program for Previously Developed Software Used in Critical Applications

ANSIN45.2.2 - 1972

Packaging, Shipping, Receiving, Storage, and Handling of ltems for Nuclear Power Plants

Training

ETAP2 RS0l vt T2 X 5l 2FES 9Pt WSS THsty USLICE 712%R! RXFS Tt ETAP Regular Training Course?t ETAP 7HZrAL Engineer®| X402
TIBHE| = ETAP Advanced Training Course2 dE|0] UELICE ETAP Regular Training2 & 6~73] ZIMEIH ETAP Advanced Training2 S 1 ~ 23| ZIHE| 1 QUELICE

Website(www.etap.co.kr)

Ct. ETAPO| CHRF 2! w4 3 7[=HQ L, BIZCH2EE, Webinar, HQ%E S ZHT

ETAPE ¢H= L SMES 9t BEMS MHEZM YAO|ES 2/dolsi] 2Tt UsL
YAOIEE X|EHR HHOIES Sot0] RS0 782 BES S

o
HI
U

N
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s

ETAP Learning Center www.etap.co.kr
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Panel Systems 2X4t ANSI & IEC Panel Systems (ANSI / NEC / IEC)

AC O3 Z2lA| AC ArcFlash
DC OF3=eHA| DC ArcFlash

O OO0 m O0Od

o Star WX& MY Star- Coordination & Selectivity
p . &C di . « 2% & Sequence of Operation
rotection oordination .
Star XFSEHS& WX Star - Auto Protection & Coordination

StarZ 7{2| A|F7| B StarZ Distance Relay Protection

e OPHE 2AM Transient Stability
F

. . Generator Start-Up
Dynamics & Transients

1o ofn
ofn
a

S @B User-Defined Dynamic Model

== Oj7HHS £=H & T Dynamic Parameter Estimation & Tuning

O OoOoood OO
ne

- S HYl YA 7| wWind Turbine Generator
Renewable Energy . EfYBEE Photovoltaic Array

823F & ALO|& Ampacity & Sizing (IEEE 399 / NEC / ICCA-P54)

23F & AO| Ampacity & Sizing (IEC 60502 / BS 7671 / NF C15-1000 / IEC 60364)
HXI(PE) =H| ALO| Protective Earthing (PE) Conductor Sizing ( BS 7671/ IEC 60364)

Cable Systems AP 2M Electric Shock Calculation (BS 7671 / IEC 60364)

*—1 Underground Thermal Analysis (Neher MacGrath / IEC 60287)

=
=
ZEM Cable Pulling

O oot m
oy

Ot Q AW Finjte Element Method

Ground Grid Systems

Power Quality

m
m
m
©
o
0
o))

b5 EZF IEEE 80 & 665 Standards

H|4F Harmonic Load Flow

L]
MR
M
l:'l
[> P
e[

7H Frequency Scan

ZIEC|XFQ! & AFO|E Filters Deisgn & Sizing




ETAP Eiectrical Transient Analyzer Program) Modules .getap

DC Systems

Control System Schematics

Transformer

Distribution Systems

Transmission Systems

DataX Plus

|AF DC Load Flow

X X

|4k DC Short Circuit
M & AtO|% Battery Discharge & Sizing

AC H|O] A|AE! AC Control Systems
DC |0 AJAE! DC Control Systems

0 00 OO0
i
n
OE

« MVA AFO|%E Transfomer MVA Sizing

« EH XX} Tap Optimization

S H| A Unbalanced Load Flow

4 EZRA
FHE S99 M3 X3 Time Domain Unbalanced Load Flow
YW N%E &AM unbalanced Short Circuit

0| %£|& 3} switching Optimization

M| "I} Reliability Assessment

ZF 2| Fault management

DT EM Failure Mode Analysis

HQ OPH T Voltage Stability

x|=o| ZHlX HHX| Optimal Capacitor Placement

GIS X|T GISMap

Oooooododddn
o]

M2 2= Line Constants

- M2 HMF 22 Line Ampacity

- O] & %3 sag&Tension

« HVDC(X1 Y = F YA &8 Y3 HVDC Transmission Link
M-I BM Contingency Analysis

X|™9o| M3 X & Optimal Power Flow

Microsoft® Excel QE{H|O|A Microsoft® Excel Interface (mza3 s

CllOJE] &et Project Merge

SmartPlant® Electrical QIEJH|O]A SmartPlant® Electrical Interface (=212 g
AVEVA Electrical™ QIE{i|O] AAVEVA Electrical™ Interface (=213 )

e-DPP® QIE|{H|O|A e-DPP® Interface (=213 53

EMTP-RV FX7| 2t ¥4 oM =2 88+ EMTP-RV ElectroMagnetic Transients+

PSCAD QIE{H|O] A+ PSCAD Interface+

Ooooood] OO

Base Package

+.0 24

[ SM8Z&(Option Module) H3!

|= EMTP-RV™ / PSCAD™ QIEJH|O| A2t = &0| ELICH

0183t0] ZQst RES HQUSIMM HES QEGIAH HLt WEH H#XS 2or HY 4~ USLICH

°
ZUE|0] U= Base Package ModuleS EAIZLICH

mFI

%
;0| ZAI= ETAPH| 7| =X 2

®
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@ . 9 ETAP Base Package'= 712 &&F 2§ % 2/0[=2{2] HOIEHS OI6101 AFBXI 2 AIARS 44 U 74 2 4 U T2 712 Ji52 2%
0—‘—0 o D5 TFIXILICH ETAPS 27158 Sofl ASTHs Blohn Maspil Ay & Eratol LIEIT F7| EMES 46101 77|50
@ | \0 SH2 U @ 4 T, B A0| Hg GO0 AIAHS T ¢ 4 QI0M, TIYF 210|=Rf2| HOIEIE ZBol0] A 04 50|
@ ZoITt 4ZS ¢ 4 UBLICE

712 ©X oM 25
Embedded Analysis Modules
- AlOlg ®™F 82F Cable Ampacity
« HO|& AtO|& Cable Sizing
- 70|18 ®2| Cable Manager
« #|0]8 &<~ Cable Constants
SHMZ 2= Transmission Line Constants
AEH 4t Load Flow

THAX| AR Panel System

O{=2|#H0]44 Application
+ 64-bit Application
« Local SQL Database Platform

CtM T One-Line Diagram

Built-in intelligent graphics

Automatic equipment connection mode
Network nesting

Integrated 1-phase, 3-phase, & DC systems
Integrated AC, DC, & grounding systems
Multiple generators & grid connections
Display results on one-line diagrams
Customizable font types, styles, & colors
Customizable display of ratings & results
Graphical display of equipment grounding
Graphical alert of overstressed devices
Hide & show protective devices&  equipment
grounding

Propagation of nominal & rated voltage
Propagation of phase connection

Automatic display of energized & de-energized
elements using dynamic continuity check

Text box editor with dynamic link to properties
OLE object & ActiveX control integration
Intelligent text box & hyperlink bookmarks
Customizable output reports via Crystal Reports
Batch printing with view-dependent

printer settings

User-friendly plotting

Keyword based element search

.

.

Multiple display layers including anti-aliasing &
transparency

Orthogonal or diagonal equipment connections
User-defined connector & symbol thickness

Preview multiple equipment symbol sets

Intelligent tri-state units for small or large equipment
sizes

MS Excel style data sorting & filtering

Composite Network thumbnails

.

Zoom & Pan windows
Circuit tracing - source, load, point-to-point

.

6

« Color contouring based on results

XI5/ 4d Auto-Build
- Intelligent rule-based diagram creation & spacing
- Eliminate drag & drop
+ Auto-build without leaving equipment palette
« Automatic alignment tools

A|AE! M MH| System Elements

Unlimited AC & DC elements

1-phase (2 & 3 Wire), 2-phase (2 & 3 Wire), 3-phase (3
& 4 Wire)

Unlimited buses: license dependent at run-time
Nested views (composite networks & MCC)
Power grid

Synchronous & induction generators
Photovoltaic array (PV Interconnection Study)
DC Photovoltaic array

Wind Turbine Generator

MOV, synchronous, & induction motors
Exciters, governors, & stabilizers

Voltage & frequency dependent lumped load
Cable, line, reactor, & impedance branches

2W & 3W transformers with voltage regulators
2W & 3W transformers with buried delta winding
Open-Delta transformer

Remote connectors

Harmonic filter

Static Var Compensator (SVC)
Instrument transformers (CT & VT)
Protective devices & meters

Single & double throw switches

Grounding switch

Bus duct

Batteries, DC motors, DC loads & branches
Battery Chargers, Rectifiers & Inverters
Uninterruptible Power Supply (UPS)

« DC-DC converters

- Variable Frequency/ Speed Drive (VFD /VSD)
« ANSI, IEC, & user-defined symbols

« Series Capacitor*

JHE ZX| AEHE oA
Switching Device Interlock Enforcer

+ Auto enforcement of switching interlock logics

- Automatic’pre’&‘post’switching logic verification

- Interlock based on circuit breaker positions or meter
readings

« Automatic interlock conflict checking

« Ability to model cascade switching control

- Active monitoring of switching interlock violations

+ Switching plan validation

0| &2| Cable Manager
- Batch cable management
« Customizable cable reports
+ Multi-cable sizing & shock protection evaluation
+ Intelligent search / filtering

T 2| X} Configuration Manager
« Tabulate & control different status configurations
« Compare source, load, & switching device status
- Flag changed data with checker capability
+ Copy, merge, export, import, & print

G|OJE| &2|X} Data Manager
+ View / edit Base & Revision Data
« View equipment properties for individual fields
« View equipment State & Service
- Display & filter data based on study type
« Graphical data management & merge per individual
equipment

B0} &2|X} Theme Manager

« Display color coding based on:
- Phase
-Voltage level
- Area
- Feeder
- Grounding (Solid, Low-Z, High-Z, Ungrounded)
- Earthing (TT, TN, IT, NEC)

Display faulted buses by symbol or color
Change result display precision per unit
Apply theme to individual view or globally
Decluttering options based on zoom levels

GlO|E| €5 Datablock
« Customize input data & study results
- Display results, tags, and/or properties
« Define templates & share
- Automatically apply templates per device type
« Instant preview of Datablock

CEME X{A! One-Line Diagram Templates
« Create & utilize unlimited one-line templates
« Template sharing
« Use default project ID or template ID
« Use properties from default project
or templates
- Instant preview of templates

£ HuN

Output Report Comparator
« Built-in output report comparison tool
« Compare hundreds of study reports in one action
- Verify study results against benchmark reports
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ETAP Base Package= XI5 THd, CIUDH HEU7|, ZASE H7|7| 2t0|222], AA— 8 22|
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CtXt2! H|OJE{H|O] A Multi-Dimensional Database
» Orthogonal multi-dimension database

» Unlimited independent graphical views

- Unlimited status configurations

« Unlimited property revisions

» Multiple loading & generation conditions

« Lock & unlock element properties

- Multiple States to track equipment conditions
» Utilize real-time operating data

« Unlimited study solutions

« ODBC - MS Access, SQL Server connectivity

» Dumpster with unlimited cells: copy & paste

« User access security with password protection
- Edited-by & checked-by with date stamping

- Merge project files via clipboard

Conliguration

Prassniaticns

» 24

Study Type Cutput Fapont
'1.-\_-‘ % "
A 3
T, —

Generation - Study Solution
(Smady Options, Pachmeters, Alirls, 812

Loading

HES3 AlZ20]4 Network Simulation

«» Unlimited buses (license dependent) & elements
» Looped & radial systems

- Automatic error checking

+ User interface for all network analysis modules

» Customizable ETAP preference properties

+ Multi-level user access management

712% AH|AE2| Built-In Calculators
« MVA, MW, Mvar, kV, Amp, & PF conversion
» Motor nameplate & dynamic parameter data
+ Generation nameplate
» Power grid short circuit impedances
+ Motor & generation inertia

A|AE BUB|X} System Manager
» Project equipment & study summary in one
convenient location
« Distribution Load Flow alert summary
« Switching Optimization summary
+ Fault Management summary
«» Contingency Analysis summary

= 7l5S M3YLICH

IZZHME 2| Project Management
- Manage studies with scenarios & macros
« Record scenarios based on study settings
» Macro-controlled scenario execution
« Automatically compare & verify plots
- Export output data & plots to MS Excel
» Dynamic update of preferences

E5 U2|X} Plot Manager
- Stand-alone application to view ETAP plots
+ Load plots from multiple projects
» Compare plots from multiple studies
« Save plot style as templates

« Zoom, pan, crosshair & many more functions
- Customize legend, grid lines, plot options, etc.

CIOJE| w¥(DataX) 7|&
Data Exchange (DataX) Base

- Legacy program conversion to ETAP

« Automatic one-line creation

« Protective device library mapping

- Convert using native file formats

- Database conversion from legacy software
- WMF / EMF / DXF / PDF exporting

« Import RAW / IEEE / CSV files

« Export to AutoCAD’ using DXF format

« Import ground grid plans from AutoCAD
« Load Ticket for induction machines

« Import SKM" project files

« Import EasyPower” project files

H | BE|X} Report Manager
« Customizable output reports & plots
- Input, results, alerts, & summary reports
« Reports via Crystal Reports viewer
+ PDF, Microsoft”Word, & Excel reports
« Element ID & text search capability
« Multi-Language Report

4 A AN 4

O O

2lOJMIA BUB|X} License Manager

- Stand-Alone

« Concurrent User LAN & WAN

« Network license checkout

» License borrowing manager

» Flexible license borrowing duration
- License configuration wizard

clolE2{2| Libraries

» Comprehensive library (over 100,000 devices)
» ANSI & IEC devices libraries
» Verified & Validated (V&V) library data

- V&V locked data

» Add, copy, merge, & delete capabilities
- User-defined & controlled libraries

« User-access control & security
« Edited-by & checked-by with date stamping
« User-controlled library merge

Cable

Cable Fire Coating Protection

Cable Fire Stop Protection
Cable Fire Wrap Protection
Transmission Line

Line Ground Conductor
Motor Nameplate

Motor CKT Model

Motor Characteristic Model
Motor Load Model

Wind Turbine Generator
Photovoltaic / Solar Panel
Fuse

Recloser Hydraulic

Recloser Electronic Controller

LV Circuit Breaker
Solid State Trip
Thermal Magnetic
Electro-Magnetic
Motor Circuit Protector
Overload Heater
Harmonic
Interruption Cost
Reliability

Battery

Control Contact
Control Relay
Control Solenoid
GFI/RCD

Distribution Transformer *

®

20|82{2| / Libraries

HV Circuit Breaker Train Rolling Stock *
HZeH
etap@esds.co.kr




Network Analysis

HEYD 242 NIB2A0L, 0, LA, XI5 EHES 2B AIAY SXO| 4 U CHIR GOJEH0IAS RS e
Lememe DL\ 4ol 2ot 2SS TuelD YSLICL HIEYI N2 02N, DAY, ZRHL, HS7| JI4E U Kot BNRES
i EPLICE

Base Package
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« Power flow & demand load

Voltage drop & power factor correction

Automatic device evaluation

Automatic temperature correction

2W & 3W transformer LTC / regulator actions

Real & reactive power losses

Extensive violation alerts

Multi-report Result Analyzer

Auto-Run load flow based on system changes

Adaptive Newton-Raphson method

Fast convergence for systems with
negligible impedance
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Load Flow

e o M 9

Short Circuit

Network Analysis

Option Module

IgEM - ANSI / IEEE
Short-Circuit - ANSI / IEEE

=X|#42! ANSI/IEEE StandardE 7|
CRAFTIAR 1A X[2h M7HeRb |,

ZFOZ 3MTHt
24 X2 522
QISHo] AT A NHZE XIHE 7101 1/2cycle,
1.5~4cycle, 30cycleZ L0 M 4~ UELICH

ANSI / |EEE C37 Standards

IEEE 141 & 399 Standards

UL" 489 Standard

Integrates with protective device coordination

Automatic device evaluation for 3-phase,
1-phase, & panel systems

Generator circuit breaker evaluation

Phase-shifting transformer

.

Load terminal short circuit calculation

.

Multi-report Result Analyzer

Export Short Circuit Analyzer Results to MS Excel
User-Defined Fuse Test PF and X/R for Short-Circuit
Duty Evaluation

.

.

DEFM — |EC Short-Circuit - IEC

I HF42! IEC 60909 & 61363 Standardd| L2k 3

AMCHEE CRARTIAF 1M X|2F M7HCERF T38| oM X2t
SO 2Iti0] YA I NHRE Loldi Y

2= USLICH IEC 61363 PlotE 8¢ M7 HotE
QI 4 QULICH

« IEC 60909, 60282, 60781, & 60947 Standards

- Transient fault analysis - IEC 61363 Standard

- Integrates with protective device coordination

« Automatic device evaluation for 3-phase,
1-phase, & panel systems

« User-definable voltage c factor

- Load terminal short circuit calculation

« Export Short Circuit Analyzer Results to MS Excel

« User-Defined Fuse Test PF and X/R for Short-Circuit
Duty Evaluation

« Multi-report Result Analyzer

Option Module

DEEM - GOST Short-Circuit - GOST

= H[H2Q! GOST StandardOl| [Ci2t 34T

CRAFTIAE {41 X|2F AIZHCRE J2| 7 oM X|2F DA

HEE DOBID AR 4 BLICE

+ GOST R 52735 Standard

« Calculate periodic & aperiodic components

» Consider pre-fault loading condition

« Radial & multi-loop circuit calculations

« Short circuit output report in Russian language

Uptlon Module
HE7| 7I& Motor Acceleration

TS719] 7|SA| Lilists HBHHE HLSH0,
AE0 OXl= BgE EMELICE Dynamic TS7|
7t&2 PlotE &4l Slip, Speed, Power, Torques
ME7| SX0| MHIEO| SIS olgk A QA [T
Static T©&7| 752 Dynamic AnalysisOil ZLP*
Parameter7f S5 M AT 4 USBLICL Plot

S AIS0IA LRCRH X'd2] #atof LH2 Hore
stoler 4 QLI

Dynamic motor acceleration

Voltage flicker

Motor & load dynamic models

Static motor starting

Multi-sequence starting

Conventional starting devices

Soft starter devices

VFD frequency control motor starting

Load & generation transitioning
Motor Operated Valve (MOV) simulation
Comprehensive alarm & warning

Start motor individually or based on groups

Consider individual or global bus voltage
alert limits



Panel gystems

Base Package

2X4k ANSI & IEC Panel ANSI & IEC

ZH|#242! ANSI/ NEC/ IEC Standard0il &=6t0
%£M9| panel System= THE 4= UsLICH ET
E= 3YCZ 2FElE= Panel Systeme T
XY HHEAS S €1 7FESH CIXRRlst A
USLICL 0] 252 ETAPY Base Package®ILICH.

Ok
2T

- Intelligent panel design & analysis

+ 3-phase (3 & 4 Wire) panels

+ 1-phase (2 & 3 Wire) panels

+ 1-phase (A, B,C, AB,BC, CA, &3 Wire) panels
+ ANSI & IEC Standards

« National Electric Code load factors

.

Load flow with graphical per phase display
- Automatic device duty evaluation & alerts

.

Automatic updating of upstream panels
+ Export panel schedules to Microsoft Excel
« Panel with internal & external feeders & loads

:1 | T

Arc”l?lash

Option Module |

AC O3 Z=2lA| AC ArcFlash

= H[12Z2! NFPA 70E Standard2} IEEE 1584 Standard

0l 2t AIS2l Bolted Fault Current2t Arcing
CurrentE Stli 2H[Q| A DUHX|E ALSHD Arc
Flash BoundaryE XISALSH efis 25

& UELICE

« |EEE 1584-2002, 1584a-2004, 1584b-2011, 1584.1-
2013

« NFPA’ 70E 2000, 2004, 2009, 2012, 2015

» CSA 7462 2008 Standard

+ ASTM D 120-02a Standard

OSHA 29 CFR 1910 Standard

- National Electric Code” (NEC) 110.6

- National Electric Safety Code” (NESC)

- Embedded short circuit & device coordination

« 3 &1-phase Arc Flash Sequence-of-Operation
+ Graphical display of device trip sequence

- Automatic verification of device duty

+ User-defined incident energy correction factor
+ Current Limiting Fuse (CLF) modeling

- Incident Energy plots

« LV transformer arc flash limit

» Maintenance mode switch

+ Relay actions (49, 50, 51, 67, 79, 87)

« Panels & single-phase systems

+ Multi-report Result Analyzer

« Labels, work permits, & data sheets

Option Module |

DC Ot3 =2 A| DCArcFlash

NFPA 70E 2012 Annex D.82 &==610{, 2F7t
ARBElE HEA 1 HIHAH E3

YK, BXE HYUTX|QL 22 =LA IHY
S50 AUUHXIE AHSA| HEELICt.

AC Arc Flash®t 22I=0] B2 2MS +HLICH

+ Maximum Power Method

« Stokes & Oppenlander Method

« Paukert Method

« Determine incident energy

« Assess arc flash protection boundary
+ Arc Flash Viewer

+ Multi-report Result Analyzer

.

Labels & work permits

AUE 22, OBY WY, AWES LY

Reduce Risk, Improve Safety, Enforce Compliance

Panel System

Arc Flash



3etap STAR - Protection & Coodination
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Protection & Coordination

Option Module Option Module

Star - X & A 2% &M Sequence-of-Operation Star - XI5 HS & €X
Star - Coordination & Selectivity AR X7} Moo AFDE oI Mt IREE0| Star - Auto Protection & Coordination
AS0| HEE HodH|o douAiet 4EEe TR SES Wefst, TR-ARFHENN 75’8% ARF MO ASo| GEE HodH|9| doHXiet Z4-8/dE ETAPOI
ARAHEE SOl =le 4= ASLICE UHe H=24H|9| AlE E2&A2 Graphical Animationg XS 2.2 ZQIshs 7|SQLICH AlSQ| HEMNQ!I Ho A
VHHFO| A7(0] LHE w=A| K PHA| S =RIsH0] SOl =olg 4~ ASZLICE S o0l ERlst, 7HESH| Y 4~ USLICH
AL Al2lgat oFgEe AR & USLICL
- View device operation sequence graphically - Automated evaluation of zones for overcurrent
+ AC&DC coordination - Device failure & backup operation protection & coordination
« Graphically adjustable device settings - Sequence viewer » Reference Rule Book for evaluation
« Extensive device library (verified & validated) - Normalized (shifted) curves - Automated display of TCC curves & equipment
+ Embedded short circuit analysis « Relay actions (27,49, 50, 51,51V, 59, 67, 79, 87) BRI EUres
. Embedded motor acceleration analysis . Current summation - Automatic selection of worst case fault location
o MRS (e EIER: EITES « Tabular presentation of evaluation results
. Comprehensive plot options - Dynamic update of the evaluation results
. Adjustable magnifying-glass zoom view « Summary of protection evaluation results
. Time difference calculator « Study result report in spreadsheet format
« Multi-function / level relays
« Device setting reports Option Module
- Automatic detection of protection zones StarZ He| AlF7| BS
» Protection & coordination zone viewer StarZ Distance Relay Protection
« Screen capture utility
« Library enhancements Star-Z 25 S0l AlSEH|0 HAE 7[A X TXA
- Relay test set interface HEPAR71o] 85& E‘{E o, 28I =2lrES Aoy
« Export to COMTRADE format = USHIEL AES BLEA| SES FH0kL, AEAP
AUEOZ HOIY £ U= AT E MEEH0 AMEEOILD

FUSH HEATVIE EHE =+ USLICH

« In-depth evaluation of impedance relays
« Characteristic Plotting
« Single & Sliding Fault Analysis
= » Voltage & Current Injection Testing
i « User-Editable Scheme Logic
',' - Distance Relay Element & Library

. » Automatically calculate voltage & current injection
ol BT based on line parameters

- Fault distance versus fault resistance plotting

Sequence of Operation
10

Sequence of Operation



Dynamics & Transients

e’f.a'i‘.a;::'

/V\/\J-J

Dynamics & Transients

Option Module
It QPEE 2M Transient Stability

1MX|2E M7 S0F Z2ES TR Q|2H0Y| CHot

o E
HAASO| SHEHS BAUILICLATD| A2

Jbsl=

A QB0 BF U HS7I9| JiS U Ak A
Thet Dolgiie S ST Aeie 42lehD, A
g Ry 4 UL

» Synchronous &induction machine models

» Comprehensive excitation system models

» Comprehensive governor-turbine models

«+ Power System Stabilizer (PSS) models

- GE, Westinghouse, & Solar gas turbines

« User-Defined Dynamic Models (UDM)

« Unlimited Sequence-of-Events & actions

+ Typical & common disturbances & operations
- Automatic actions based on relay settings

+ Short-time & long-time simulation

« Variable total simulation time & simulation step
« 3-phase & line-to-ground fault actions

» Auto-sync check action

« Embedded Newton-Raphson initial load flow
+ VFD /VSD dynamic modeling

» Lumped Load user-defined dynamic modeling
« UPS parallel operation modeling

«» PV Array source modeling

« Inverter source modeling

» Automatically compare & verify plots

« Consider MOV Dynamic Voltage Limits

- Enhanced Generator Excitation Systems

Option Module

BEM7| S Generator Start-Up

27 |0] ALK gl H|ALSFO| CHTH A|SEAS BAT

oo™ o
4 UBLICL HEI|, MOV S 2707|2628 Hotsol
SIS E-FHHY £ OFO| HARHES AHD,
SRI0| MAIY NSEHS B 4 UL

« Cold-state generator starting

« Load generators prior to synchronous speed

- Frequency-dependent machine models

« Frequency-dependent network models

» An expansion to the Transient Stability module
+ User-defined dynamic model interface

Option Module

Argxt ol 5 2
User-Defined Dynamic Model

Matlab S/WE TLOHSHX| %0t ETAPE Stl =TT
HOA AR S ZHESHH| 155 fEE HY o+~ UASLICH
UDME Soll AF8Xt= 7IRX2Z MEEl= HIOJE 20
A UESQ0] e M-S A=610 M &
HE[E =+ USLICH

- Full graphical model builder

- Library of pre-built models

- Integrated with transient stability models

« Wide variety of blocks for building models

« Import & Export Simulink® models

« Various model testing methods

+ Real-time compiling & linking of model

«» Automatic UDM links to components

« Compile & test directly from the UDM builder

Option Module

S| HE =3 & =F

Motor Parameter Estimation & Tuning

7|0 UgrEO! B B
SIIBI2E HBY 4+ UL
HSI|o| B|2H4E 2

DiHE4 2 £3 S
DEQHE B4 AU 4 UL,

- Estimate induction machine equivalent
circuit parameters based on readily
available manufacturer data

» Single-cage models

- Rotor deep-bar effects

Option Module

53 0HHS £ & £

Dynamic Parameter Estimation & Tuning

AREXE A GOV, EXC, PSS S0l CHEH S&fet
OH7HH==0] HE 0 =RI0| 7HSTLICH DPETE
ZYHI0JE 2t YX[oh= HEDt HOHZ XtE = dsI0
AFEXI0IH| HZLICE. NERC StandardE Sl

QIE5E Power Plant Model2 T £X9| Zigts
HSELICE,

+ Tune dynamic models w/ multiple inputs & outputs

- Estimate model parameters using field
measurements

« Utilize UDM to build custom models

- Combinations of Models: Generators,
Governors, Exciters, PSS, etc.

« Utilize field data from recorders & PMUs

- Compliance with NERC MOD Standards

« Automatically exclude data errors & noise

- Multi-objective stochastic optimization method

+ View parameter sensitivity

- DPET Result Analyzer for comparing multiple
estimation results

After Tuning by DPET

Before Tuning

11



3@@;; Renewable Energy / Ground Grid Systems

Renewable Energy

Base Package

=3 g4l 9HEI| Wind Turbine Generator

Renewable Energy Solution2| StLIR! Wind-Turbine
Generators 7 == USLICE. UDM(User Defined
Dynamic Model) 2&2| Bulder, Z12|11, Complier
Q0| AT TUZ HIFOZE SHLX| 280i CHTt
HO|EMO| 7bsELICE.

+ Model unlimited wind turbine generators

» Detailed modeling of turbine dynamics,
aerodynamics, & power coefficients

» DFIG with pitch & converter controller

» Simulate wind disturbance like ramp & gust

- Individual or zone-based disturbances

» WECC wind turbine models

« WTG manufacturer / model library

« Support User-defined Dynamic Model controllers

+ New Control Block Test Routines

+ New Complex Terminal Voltage Input Blocks

» Complex Terminal Current Output Blocks

WInd Turbine Generator

12

Base Package

EHYESZE Photovoltaic Array

Renewable Energy Solution2] StLIR! Photovoltaic
ArrayS 7Y 2= UZLICE ETAP Photovoltaic
Array= EHFSAIOHX|] WFHEO| CHEE £&0
SHFAIE MBS0, A-EZ2| Solar Cell2 €
BN THX|Q] 2OlEAI0| THsHLICt,

« Solar farm modeling

« Solarirradiance based on location & time
« Performance adjustment coefficients

» AC & DC System Analysis

« Inverter dynamic modeling &operation modes
» Maximum Peak Power Tracking (MPPT)

- Constant current source modeling

+ Model PV systems with individual panels
+ Model DC cables & combiner boxes

« Extensive manufacturer / model library

« P-V&I-V curves

Photovolteic Array

- Xt

|

®

Ground Grid Systems

Option Module |

O AEH

il

Finite Element Method

SX[oHA 7|21 STtQ AM(FEM)S S31 GPR
= ZA%st, O|E 6l Absolute Potential, Touch
Potential 2 Step Potential2 LIS AFSXIOIA|
3D Plot2 MISYLICE Import DWG(Based on

. AutoCAD) 752 Soll LYY GridE 242 =+

ASLICH

« 3-D plots for step, touch, &absolute potentials
- 3-Dirregular configurations

« 3-D graphical interface views

» Rods & conductors in any direction

« Graphical display of over limits

Option Module |

IEEE 80 & 655 & IEEE 80 & 665 Standards

IEEE 80 & 665 MethodE 7|IE2Z GPRE 27N

- Ol0il [HZ Touch Voltage®t Step VoltageS

| HAFLICE. Optimize Number of Conductors

' & Rods FunctionS S8 XF=Q 2 #|X0| TH|Q}

HRS+E 28510 AEX0IA MSHLICE

» Conductor & rod optimization
« 3-D graphical interface views

: Sequence of Operation



Cable Sizing

He22F & ALO|E Ampacity & Sizing

Option Module

53 FXI(PE) TH AtOIE
Protective Earthing (PE) Conductor Sizing
Base ModuleZ =A|#2?2! |EEE 399 / NEC / ICEA-P54

£ 71202 Mutvt 518K ZHY 4 AUSH, 2|22l BS 7671 17th EditionZt IEC 60364-5-545

SR, DYt BSY| 2V ISTY, IETR, 7IEC R HoHXIE AP £X 2| Protective Conductor
DAL S 52 2rEst] £FQ 7018 FZI1E U8 & 27|12 HEY 4 &L
= UELICH
£V, 8H 252 IXFH BS 7671 17th Edition  * IEC60364-5-54 Standard
2 7[ELZ BFoF, MY ME7| AAV|ISHY, - BS7671 Standard
M2 X0 EH S BHESH X|H9| Aol « PE thermal requirements & sizing
A1 UL, MYt 18R E8YE B € + « User-defined fault current & clearing time
QEL|EF « Reports in Crystal Reports & Excel
- Consider leakage current
- IEEE 399
+ NFPA 70 - National Electric Code
- ICEA P-54-440

Option Module

» IEC 60364-4-43

IEC 60364-5-52

» IEC60502-2

IEC 60092

» BS 7671, British Standard

NF C 15-100, French Standard

» Ampacity /Current Carrying Capacity Calculator
Sizing based on ampacity, voltage drop, short
circuit, harmonics, & overload protection

™AL BAM Electric Shock Calculation

= X742 BS 7671 17th Edition2} |EC 60364-4-41

StandardE 7|E2 2 FXIFE0 L& =2XF

J0] T2 QUIHAE AlbstD, HEHUS HLSH
0]

—= ==

LHED S #fph A9l Yets ALSXIOIA MAILICH

« IEC 60364-4-41 Standard

- BS 7671 Standard

« EN 50122 Standard

« TN-C,TN-S,TN-C-S,TT, &IT Earthing
« Electric shock requirements

« Maximum or average operating current

Armor & Sheath thermal calculation

» Grounding conductor selection based on NEC

» Cable Library with neutral, grounding / protective
earthing (PE) conductor

Add auxiliary neutral & PE conductors

» Optimal & alternative sizes

Model Forms: BS & user-definable

» Reports in Crystal Reports & Excel

+ Loop impedance & current calculation
« Touch voltage calculation & evaluation
- Consider resistance to Ground / Earth
» GFCl / RCCB protection

« Reports in Crystal Reports & Excel

Cable Sizing Electrical Shock Protection

Cable Systems

Option Module
= =
s €58 =4
Underground Thermal Analysis

Neher-McGrath Method2t =XI+42! IEC 60287
MethodS Solf Oid= 2 CHE2] 2 E 0] CHet
ArYE UHESHo, AX|ZZ0) T2 A|CH 282
2OI5HT HO[E9] S8 LZ2IIIS BEA5I 7|&

| e SAE AH0I20 CHet FETt H71E O8Y &
=

P

30

» Neher-McGrath Method

- |[EC 60287 Standard

« Steady-state temperature

» Ampacity optimization

- Automatic cable sizing

« Transient temperature

« Intelligent rule-based alignment & spacing tools
« Automatic conduit distribution & spacing

+ Uniform & non-uniform conduit arrangements
« Custom, NEC, or IEEE rule-based spacing

- Wizard for creating raceways

Option Module

HO|E 3 Cable Pulling

ro

o AOIE 22 A™E =6k #fotd] g2t
YH(QIEHE)S HIZIL, 3D Views Sofl &5
7IX0], EHQ] 25 X 2EFE U VRIAHCR
Mo £X9| 22 F2E MSYLICE

=
[E=a

H
lo

- Integrated with one-line diagram cables

- Integrated with underground raceways cables
+ Pull multiple cables

- Completely flexible pull geometry

Full ETAP cable library integration

- Display 3-D pulling path geometry

©
-

Ll

Cable Pulling

13



Power Quality / DC Systems

Power Quality

Option Module

XL XF AL Harmonic Load Flow

HAY 2olE2 ot 8= DA XAl
of0] AiS0il 0IXl= L S0 eHEes MY

- |EEE 519 Standard

« Harmonics spectrum up to 250t order

« Automatic distortion evaluation (THD & IHD)

- Telephone influence factors (TIF & I*T)

+ Calculate & report I*TB (Balanced)
& I*TR (Residual)

+ VFD harmonic modeling

« UPS AC input & output modeling for
harmonic orders

+ PV Array modeling for harmonic orders

- Automatic alerts of violations

+ Harmonic sources library

» Embedded Adaptive Newton-Raphson Method

» Embedded Accelerated Gauss-Seidel Method

Xf=ZE D X1} Interharmonics

232! IEC 61000-4-701 2SI Kt=2t 1R THO|
oot 2ME 2% 2= USBLICL Inter-Harmonic2 =
QI%t Distortion, Voltage FlickerE AlL5HH, X522
MEElE PlotS S0l XL} At Fat

AZEOE 2o 4 ULt

« Interharmonic modeling & simulation
- Perform voltage flicker limitation studies

« Interharmonic distortion indices calculation based

on IEC 61000-4-7
» Adjustable harmonic current base
« Automatic harmonic spectrum generation
- Automatic interharmonic frequency generation

Harmonic Load Flow
14

FI HolS

Futg AFH Frequency Scan

« User-definable frequency range
« Resonance condition identification &alerting
« User-customizable plots

DXL ZE| Harmonic Filters

Harmonic Analysis ResultS HI®2 2 DXL MZS
{¢t Harmonic FilterE 7FHSH XIS 2 HAY &
USLICH EAE HHE Soll 120 BFE AHH[SHH
S2THYES SiA8t1 THD(Total Harmonic Distortion)
20| 7HsLICt,

« Filter design & sizing

» Single-tuned, high-pass, & band-pass filters
« Automatic filter overloading alert
Interharmonic filter modeling

il e Pl

Ho N 4> 4 A
0:

&5t A 2tE BI1oH0]

Quickly & Easily Evaluate Results & Make Decisions

DC Systems

Option Module

X5 AL Load Flow

12 WS SUEO HF Mo My ZEIiUS
HIBSIT, PEE (0| YT, 18HS8,
HHTTHU ST T BlLENS SWBHLICE,
IEEE Standard 9462 E4-6101 HohD A2k Sl
ZitE HBWLC

« |EEE 946 Standard

+ Integrated AC & DC systems

» Embedded Newton-Raphson Method
« Voltage drop

+ Power losses

- Battery auto-activation

« Charger / UPS current limit

» Charger / UPS mode auto-switching

+ DC converter modeling

» Motor model auto-switching

Option Module

& H|4F Short Circuit

8E T JI0IEE MSYLICH

« |IEEE 946 Standard

+ Integrated AC & DC systems

« Total bus &branch contribution fault currents
» Fault current rising time

« Battery modeling per ANSI / IEC Standard

+ Charger modeling per ANSI / IEC Standard

A

23S X2 = Wi

gLicH



Control System Schematics / Transformer gg@p

®

Option Module

HHE{2] ™ & AFO|%E Battery Discharge & Sizing

ST WH F7)0fl T2 SHES #5610 TY, TR
U ST BHY + UBLILL BHEIE Sof
DAL Y X0 TS AT FTXI AGRE
45 9 £7| STYS 20| X SYRME o
SBEHAE BT HLTLICH

» |IEEE 308, 485, & 946 Standards

« Integrated AC, DC, & Control System Diagram

« Battery discharge simulation

- Battery sizing

- Discharge via DC load flow or duty cycle
summation

« Voltage drop & loss consideration

» Class 1E DC power & control system models

» Simulation of control system with battery
discharge voltage

« Duty cycle diversity factor

+ Load model type per operating characteristics

« Battery duty cycle calculated from
individual loads

- Options for battery & load duty cycle 1
minute span

+ Multiple user selected options for battery
characteristic interpolation

- Multiple diversity & correction factors

Battery sizing report in IEEE 485

Standard format

Plot battery capacity, voltage, & current
- Plot bus voltage & load & branch flow
+ Detailed battery library

3 it

Control System Schematics

Option Module

DC |0 AJAE! DC Control Systems

DC M0{AlE=E Soll Pick-Up, Dropout Voltage
=4 9 TR S5 HQlotl, HEFER! o7kt

TAZE 28Y & UELICH ARIXE = SHEE
A7 | LE=0)| CHEh 2A1F =HX|Q] S-S0 TR

SO 2M0| IHsELICH

- Simulation of operation sequence

» Pickup & dropout voltage calculation

» Automatic alerts

+ Burden & inrush modes

« Controlled contacts

« Integrated with battery discharge calculation

« Integrated with one-line diagram

- State engine with automatic & step-by-step
sequence-of-operation of control relays,
switching actions, etc.

Option Module
AC X|0] A|AEH AC Control Systems

ACHOASEE St & AEY |2

A4S miCkat

T oo =
2 UBLICH HodH| SA0| TRl ofRgtint CHARE
ZAEY = U1, Pick-Up, Dropout Voltages, Loss %

Current FlowS =261 AlE2| £-8-81t 2FF
GIAZ & ABLICH

0%
fjo

« Include AC Control Power Transformer

- Simulation of operation sequence

« Pickup & dropout voltage calculation

- Automatic alerts

« Burden & inrush modes

« Controlled contacts

- Integrated with one-line diagram

- State engine with automatic & step-by-step
sequence-of-operation of control relays,
switching actions, etc.
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DC Control System

Transformer

Option Module

MVA AFO|%& Transformer MVA Sizing

®

ANSI & [EC StandardES 7|22 AX|1 T, FH2T,

EHEE, A2 UE CHEoI HHO| HYY| 8YE
HEL + UELICE X522 BZE Foiet Hl
1510 ZHESHIA| AL X0 HYet HEY| 8¥2
b A QIX| T}
=2 T Mg .

rx Ao r
od 1x o

» Sizing based on connected or operating load

» ANSI&IEC standard types, classes, & ratings

- Considers ambient temperature, altitude, load
growth, & load factors

» MVA Sizing based on cooling stages

Upnon Module
EH X| =3} Tap Optimization
ANSI/IEEE Standard C57.116 - 19895 7|E2 2
L7 |2F HYT (O]l CHEF R8WY HEHE Mot
HAT L & Tttt A R S AlLs

P
.
A0 H1917| PAHIS AEY 4 UBLICH

+ ANSI/ IEEE C57.116 Standard

- Optimize unit transformer turns ratio

« Considers system voltage variation

- Considers generation station auxiliary load
«» Generator reactive capacity vs.voltage plots

Tap Optimization

15



Distribution

ETAPHITEES

A|AR M= MH| System Elements

HHHA SOl Cifet A4S ETAPOHIAM 9L &~
UELICH BIEAISS] MHEEL A 440 CHet =0l
& OtLlet 44, HiEHE, AH0lE S 2HIRAL}
MZF01 THPE ArYS M6t ANE &Y =+~
UELICE

« Distribution segment & junctions

- Distribution feeders, lines & cables

« Substations & Switching Stations

- Jumper, cut, open point & splice
Distribution transformers — pole, pad & vault
Open delta transformer
Fuse links & fuse cutouts
Load break switches

Switched shunt capacitor banks

Distribution line pole configurations
Distribution line constants calculation
Distributed load

Spot load

Numerical relays including overcurrent relays &
distance relays

Multiple generator dynamic models

Complete synchronous & induction machine
models

Comprehensive dynamic load modeling

Comprehensive excitation system & turbine/
engine-governor models

AC & DC Photovoltaic & inverter modeling
Voltage regulators

Phase shifting transformers

Multiple types of harmonic filters

Motor Operated Valve Dynamic Voltage Limits
Enhanced Overhead Line Impedance
Calculations

Enhanced IEC Fuse Ratings

16

XIGEHISE =A] L] B
AlZ2tote] e, 2Xet, XS] 8% +
22| g = UASLICH

Distribution Systems

CtAF B Single-Phase Distribution

« ANSI & IEC Standards

- Load flow with graphical per phase display
- Voltage drop & power losses

- Voltage & current unbalance factors

« Automatic device duty evaluation & alerts

Volt / Var %X3} & HIOf

Volt / Var Optimization & Control

AMEZEN L2 ARSI XY =2 82X E
Soll 7Hy 2&stE Al *EYHS 2
UBLIC Interior Point Method(LH
HSo| FEof FROHA FHstL
7ts=LICt.

- Solve multiple objtectives simultaneously

+ Looped & radial systems

- Conservative voltage reduction

- Optimize voltage profile

+ Minimize losses

« Determine voltage regulator & switched
capacitor setpoints

- Optimal voltage regulation placement

= B LI E9{30) 0|27 7EX] Z&H MEAIZ = UELICH HIHHEAIE
AL
=

ACH, 0] 2ES EEoI0] HIHMUERI O AlST0|8zt AlE, B3,

AIZE HiE

Option Module

SoY X2H|L Unbalanced Load Flow

= US il
28T Off- Llne =4 #0F OfL|2t
Real-Time Systeme 28310 ZFH HIOIEE S¢t
On-Line B4 JHsTL|CE

« Single-phase & unbalanced 3-phase modeling

» Unbalanced & nonlinear load modeling

+ Open-delta transformer modeling

- Center-tap transformer modeling

+ Three 1-phase transformer modeling

- Isolated sub-systems with voltage-control

source modeling

» Isolated 1-phase source & system modeling

« Series fault or open phase condition modeling

» Phase & sequence voltage, current, & power

« Voltage & current unbalance factors

» Transmission line coupling

» Automatic device evaluation

» Report voltage & power in multi-units

+ Optimized for multi-core CPU

Unbalanced Load Flow

Option Module

o

SS9y D% 8M ynbalanced Short Circuit

ETAPE A& 20N 7HY 32X 28Y
DYEM JIsE MESYLICH &3 3 U0 CHet
Simultaneous Fault # OfL[2f, &7HYALLD, X[2fAtD
A CHRIALD S AS0IM st DO CHet
ELER BME SUWE 4 AUBLICH

« Include prefault loading

« Shunt faults - 3PG, 3P, LL, LG, LLG

« Series faults — A,B,C, AB, BC, CA, ABC

« Simultaneous fault

« Display phase or sequence results on one-line



Distribution

getap

Upnon Module
=
AlZF Y 28Y Y xR
Time Domain Unbalanced Load Flow

ERILRION CHY HAAE HEEE 9 Cret
SOHETH S| T 40| JHSELIC AHSXD
RPTH ARZIO| T2 FIh, FAM A8
S| sl €I 4 QIOM, K7t £ CHATHO)
21571801 Ther £40] JHS LI

=
A
e

- Loading & generation profile library

« User-defined profile intervals (hr or min)

» Create standard profiles such as “8760 profile”

» Seasonal variations including holidays

» Multi-year load growth

» Mixed customer classes or composite sectors

» Simulate daily, monthly or yearly output from
PV farm

- Place devices in or out of service during the
planning period

« Plot power generation, consumption, losses, &
energy demand for a specified period

Option Module
JHH| %= 3} switching Optimization

TEAS 28 Tt =7, HHZ|, XHE719

2OIEM0| 7sHLICH S8 3 BT HM=0| BE gl

THSSRY T 52 AT BNl SE2 ALEAUL

T8¢t Logice Sl AP0l =olgh 4= ASLIC.

HHIZF QIEIE (Inter-Lock)Oll CHRF AFZ T oIz

UELICE.

+ Improve system losses

» Minimize voltage violations

+ Minimize overload

- Balance feeder loads

« Graphically display recommended switching
operations

» Network summary before & after optimization

+ Automatic creation & saving of optimal
switching configuration

» Optimal switch placement

Up"O" Module
ME| HI} Reliability Assessment

ASOll SEE ol MZleE B =+ UBLICH
R A 218 2 OfL[2f HH|of HE EHR

52 Sofl sHFEHIl MTTFRF MTTRE ZltHoH
Average Failure Rate Per Year(BH 8 1 &)t
Average Outage Duration(B&8HAZNE AlLrY

= UFLICE

2

+ System reliability

« Customer oriented indices

+ Energy (cost) indices

« Sensitivity analysis

» Single & double contingency
+ Looped & radial systems

&
¥

e

Reliability Assessment

Option Module
nk IR
Fault Mangement & Failure Mode Analysis
HAAISON T e CHEQR Waivt Apno)
FO| Tt 2A2
287101 OlXl= 520
ESEel o= S 1ol PNy
Sfet H|xo] A

fjo

« |dentify & locate faults based on waverforms

- |dentify fault types - 3P, LL, LG, LLG, etc.

« Predict location based on customer outages

- Single or consecutive faults

- |dentify isolation points based on protective
device location

- Restoration based on multiple objectives:
minimize power losses, minimize overloading,
optimize voltage

+ Automatically create & test network topology
configuration

+ Looped & radial systems

Upllon Module
Fok OFM I voltage Stability

Modal Analysis(ZE5lA) 2} Sensitivity Analysis(
ZEoliA) MethodE Sth IS0 CHE
SHEES TSI TUMFEEE EAYLICE P-v
Ee QVEY Tiig Sl B MY AHHKE

RISt M2l U= Als EAE ItSYLICE

ek

« Sensitivity Analysis

» Modal Analysis (Eigenvalue Analysis)

» PV QV Analysis or Continuation Load Flow
Analysis

« P-V curves, V-Q curves, dV/dQ self-sensitivities

- Eigenvalues, eigenvectors

« Bus, branch & generator participation factors

» Minimum distance to instability

» Graphical results & plots

Option Module

x|=o| FHlM HYX| Optimal Capacitor Placement

As FEMM A XGEHE T Shunt Capacitor
ALl NS Tt DEQULICH HULTHt
THEH 52 12610 Bank Size, Location,
Capacitor Control Method 3! £X2| EX[H|2t
28HIE 28 & USLICL

- Optimal location & bank size

» Minimize installation & operation costs

» Individual source or average energy cost

- Voltage & power factor objectives

+ Minimum, maximum, & average loading

» Branch capacity release & cost savings

» Review capacitor impact on the system

» Capacitor control method

+ Flexible constraints

17



gg_i;gp Geographic Information Systems

®

Geographic Information System

Option Module

GIS X|TE GIS Map

ESRI's ArcGISE Soll TEAISO CHeh X2 EAIAR
(Geographic Information System)1} ETAP One-Line
Diagramte| H=0] 7+sLICH AS4H| GHIOIE |
CHot HEof 7 2] gl0], s X|Hel ZH|of CHet

HIOE] S713H8 4% 4 UsLIC,

+ Intelligent Geospatial Diagram

- Display analysis results on GIS maps

» Synchronize GIS data to ETAP projects

» Graphical user interface for data mapping

- Control modification & accept / reject actions

« Check consistency for data synchronization

« GIS handling of 1-phase systems

« Synchronize GIS with single-line diagram

+ Include transmission & distribution networks

+ Run studies for millions of customers directly on
GIS Map

- Supports millions of electrical components

« Geospatial graphics using multiple layers

» ETAP MapServer for background maptiles

+ Automatic network reduction

« Circuit Tracing & Distance Measurement

GIS Map

18

e & HEA £H
Feeder & Substation Diagram

GIS Map HIOIEE Sdl 2% X HHA0] A[ZHEQl
7217t 7S ELICE Electrical GIS Diagrame Sl
HHAZIO| MHT G Wy X2|F BHE O=
=10 ZHESHA| =l &~ UBLICH
- Electrical GIS diagram synchronized with graphical
feeder & substation diagram
» Model 1,000s of components as an equivalent
feeder
- Millions of electrical junctions convert to 1,000s
of buses making the system solution fast &

manageable

Feeder & Substation Diagram

G|OJE{ &2|X} Data Manager

HE8HD, T GIOELE &2
£ SoH ZRHEO) Yt WAt
BAAP|T, HIYEE B

tar TCC Data’™ ZHESHA| & ASLICH

$9 ol oF mH
0y © ¢ >
I

=Slejgely
od =2

- Display & locate elements with incorrect electrical
parameters
- Graphical select & view properties for multiple
devices in a spreadsheet format
» Reconductoring & Rephasing
- Sorting, Filtering & Find & Replace functions

AAS M2 2E TIEHY M 2| AR

Circuit Tracing & Distance Measurement

ASH FEE 20 g Okl S22 X Tt
FZE A SES HUY = UELICH ST OLVUIME

tEA g 24 FHsEL, ASO 0iXls Sge
Y =+ AUCH, GISA HSOH0, 2HI7he| AX|ZHnt
=9 ZHAZ(0 CHet =RI0| s 'ILICH

« Trace route upstream & downstream
« Trace route to source & laterals
» Trace route from point to point
« Trace GIS & Active Feeder
» Measure distance between elements
« Measure distance for selected elements
» Measure total feeder length
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Transmission Systems

®

ETAP $H2 S$TM=Z BE, SVC2E, HVDC 33
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Option Module
MB B Line Constants

71E ST & iITEZ R OfL[2f A 20 TRt
A=O| 7tsota, 2801 tiet 28X EME
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«» Conductor & ground wire libraries

- Built-in configurations: horizontal, vertical, etc.
+ General configuration: X, Y, & Z coordinates

» Multi-line mutual coupling

+ Phase & sequence impedance matrix

» Transposed & un-transposed lines

+ Short & long line models

» Multiple layer soil model

- Calculated or user-defined impedances

Option Module
MHEAID 2AM Contingency Analysis
AL oHf HZE Md|o HHa DA CHet

Y
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» N-1 & N-2 contingency assessment & ranking
» Fast screening method to scan outage list

- Multiple graphical outage lists

« Automatic performance indices calculation

« Summary report analyzer

XtESet, ofiHx] e

Transmission Systems

Option Module

M2 HMF 22F Line Ampacity
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» Conductor ampacity vs. temperature
- |EEE 738 Standard
+ Determine maximum operating temperature
for various loading conditions
« Derated ampacity based on temperature limit
« Consider weather, solar heat, &
geographical location

Option Module
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X2 Optimal Power Flow
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+ Solve multiple objectives simultaneously

« Interior point method with barrier functions
+ Minimize power losses

+ Active power optimization

» Reactive power optimization

» Optimal dispatch

Optimal Power Flow

9! eSCADA A|AH! Z'2 ETAPQ| 7|2 EMDEN S3E X|sH

A Network Topology Builder&

Option Module
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+ Sag/ tension vs. temperature

» Multiple spans between dead-end structures

« Level spans of unequal length

- Solve spans of unequal length on different
horizontal planes

« Include effects of wind, temperature, & k factor

HVDC(EDY X £XWA)

(M)
HVDC Transmission Link
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« Detailed rectifier & converter modeling

» Composite AC/ DC & DC/ AC systems

+ Built-in control schemes

+ Inclusive transformer model

«» Automatic harmonic spectrum calculation
- Easy-to-use integrated model

+ VSC-HVDC model*

L EE-EE = W e

HVDC Transmission Link
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Data Exchange

DataX Plus

Option Module

Microsoft® Excel QE{H|0|A
Microsoft® Excel Interface (=213 )

MS Excel % MS Access® Worksheet &32t&
ETAP OLVE HEWY = U&LICHLYZE GO}
XE2E ETAPL 3720 EHEH, S8 2T
7|2 2tO|EL2|HI0IHE Soll UHZI0 ARZ XA
AEE TS MSELICH
« Bi-directional Excel data exchange
(Open & Fixed Formats)
» Map Excel worksheets to ETAP elements
» Synchronize data to ETAP projects
« Perform consistency checks during
data exchange
- Substitute missing information with ETAP
defaults & library data

Option Module

GIOIE] ¥ Project Merge

L HIOIEE WHEA| AlEstn, ©H| HI0HE &2
FYL =+ USLICE 0|8 St Z=HE| CHeH HAIG
SO[oHH Yibdg TAAPP D, XPUFE T

2= UELICE StarTCC Data™ ZHEGHA| gy 4
UELICE,

- Parallel ETAP project development

+ Merge Base & Revision Data

» Merge TCCs Views

+ Multi-user management of project merge

71E 2ZEQI00IN 22{27]
Import from Legacy Software

SKM Power*Tools® / ESA EasyPower® 2t Z2&
CHEMR! H3AE =4 S0IM Y48 LiEe
HESHA ETAPRZ E218 = USLICH oLV #et
OfLI2t, BHIXIE 3 HF-ARIFHE HIOEZ HEO
7tSELIC.

ETAP offers conversion tools from other power
system analysis software that will automatically
generate a multi-layered graphical one-line
diagram in conjunction with the electrical data
and associated TCC studies.
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Option Module

SmartPlant® Electrical 2IE{H|0|A
SmartPlant® Electrical Interface (=233 ¢

InterGraph CompanyOllAf 7H&E SPEL
(SmartPlant Electrical)to| 3 H|OJE L
7152 MIBYULICE ETAPS| HOjH s4S Sdf
AHEAtE AES EAISHL, BA4% Che SPELS
AHESH0] AH|9| WHIFT| B SX[E4- H|E0H| Thet
B2 DY 4 UELICH

- Bi-directional data exchange

+ Map attributes of SPEL with ETAP elements &
properties using Universal Mapping

« Looped / radial system connectivity

Option Module

AVEVA Electrical™ QIE{H|O|A

AVEVA Electrical™ Interface (=213 3%

AVEVA Electrical™ 10| et H|O|E WE0|
7S YLICE Universal MappingS Soll ETAPL
AVEVA Electrical™ S/w 72| 28| ¥ £ HIOIEIE
B2 D ZHESA| AT DR g 4 QBLICE

« Bi-directional data exchange

» Map attributes of AVEVA Electrical with
ETAP elements & properties using Universal
Mapping

+ Looped / radial system connectivity

Option Module

e-DPP® QIE{m|O]A

e-DPP® Interface (Z213 %)

Eltechs CompanyOllA 7HEE e-DPPRIR| &=H0F
oEgE HSYLICL e-DPPE S6li ETAPL
7|25t OLVOll HEEHIE F7t, B, AHE
WL, Work Sheet HEHZ HHIXIZ, AeAI= 3
CIO[ERE|E #2[Y 2~ USLICH

«+ Map attributes of e-DPP to ETAP elements

« Synchronize e-DPP data to ETAP projects

- Database mapping via graphic user interface

Option Module

EMTP-RV FX7| ZtE ¢4 oA =212 +
EMTP-RV ElectroMagnetic Transients +

ICh. XEF{(Sec)2 2ilist=

Motof M2 3 A0IZ0IM LliEl=
JXIE =QI5tL, TRV, Shunt
Compensation 5= 125t H<= ePgXe! AlE
280| 7-sHLICt

A
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» Switching Transient

« Insulation Coordination

» Lightning Surges

+ Sub-Synchronous Oscillations
- Ferro-Resonance

« Power Quality

» Renewable Energy Generation
+ FACTS & Electronic Converters
« EMTP-RV Interface

+ PSCAD Interface
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] 4 ‘nﬁ_, Waf a4
200

e




Application gelap

ETAP Application Field

ETAP is the most widely-used platform

ETAP2 30E32H M 100,0007H Ol&e| 2fOpPdI AT EOHE T 7HS Sl ARSElE T AIAH
SMFULICE ETF, 10,0007 012] 7140t A2, BRI S0| 2 ST HHA|A™L
M2, oM, |XIE=, B0l ETAPS A2/6HH ARSStD USLICH

With more than 100,000 licenses in use worldwide, ETAP has been the most proven power systems
platform in the world for nearly 30 years. Tens of thousands of companies, electric utilities, and government
agencies worldwide rely on ETAP for the design, analysis, maintenance, and operation of their most critical
electrical power systems.
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Data Exchange

Engineering Consulting / Data Centers / Generation Plants / Oil & Gas / Transmission &

Ch=0f X2 Distribution / Manufacturing / Goverment & Military Facilities / Nuclear Generation Plants
Multi-Laguage Edition / Metals & Mining / Transportation / Education
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eTraX

eTraX — M T XIZF A|AE! Rail Traction Power

- Traction substation capacity planning based on
existing or planned train operations

« Evaluate energy demand & cost using various
train timetables

- Centralize GIS, planning, protection & operations
in single application

« Traction power supply design, configuration &
equipment ratings

» Determine impact of various rolling stock

« Determine capacity restrictions & analyze
mitigation methods

«» Determine impact of unplanned events on
traction power system using real-time data

» Geospatial asset information for overhead
catenary system synchronized with one-line
diagram

- Traction power equipment templates

« Unbalanced load flow simulation for
1-phase 2 or 3 wire systems
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eTraX - Rail Traction Systems

ETAP eTraXe LV 2 MV HEO| M A|ARS ZAsHD 2[5 Tt 7K FHoHH ez Lty U0 MR T2
I

A ATEQOIQILICE eTraXis AR T2 AAHO| H7| HEYI AB7(0) Y 221 47| X He| 2428024
LRI 4 LI

FMH| Elements - ad s AniasaRena—y com i

«» Track & node e ; ) 3

« Traction substation =

« Train station & platform

« Section insulator, insulated overlap, PTFE & |
isolator =1

- Auto & booster transformers 2

« Signal, speed limit, level crossing markers

- Distance, elevation & bend radius markers

FRERELO

QIE{H|O| A Interface e e /!' ]
« Equipment warehouse f
« Railway track A

« Overhead catenary /1

« Route editor r! \r-

- Timetable editor L
‘~. /

M Analysis

« Train Performance Calculation
« Time Domain Unbalanced Load Flow
« Unbalanced Short Circuit

] EopEpmEms mEm  EE

o
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The future of power systems engineering

& operation - today
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ETAP Real-Time

Yetap

BUFEY HAUAL R

Model-Driven Power
Management Solutions

» Common network connectivity model

» Integrated SCADA functionality

- Smart Grid & Microgrid Master Controllers
« Real-Time decision making applications

« Predictive Simulation & Optimization

+ Operator training simulator

» Online & archive data trending

+ Web-based SCADA architecture

« Built-in server redundancy platform

- Integrated historian for both data & events
+ Integrated alarm & event management

+ Wide array of standard drivers

F2A40)
DUYSE 22 ot
R CIEE R

Mission critical power
management solutions from model-
ing to operation

ETAP Real-Time™2 AF&XIQ| MBAARS OfF, K01, A2k, Z|Kat, Qof
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SCADA & Monitoring

oY J|u MAp S
Network Connectivity Analysis
- Network topology builder & processor
- Intelligent graphical user interface
+ Multiple model views: logical & geospatial
« Color coding based on network state
« Graphical display of results & abnormal
conditions

- Foundation of real-time applications

ATFICH S¢F SCADA Integrator
» Quick creation of standardized & reusable
templates
- Human Machine Interface (HMI)
« template library
- Efficient system integration & rapid deployment

e M Z2ES
Native Communication Protocols
- Wide array of standard drivers
» Direct Modbus RTU & TCP communication
» Direct DNP3 communication
« Automatic download of COMTRADE & SOE files
- Integrated historian for both data & events
+ Integrated alarm & event management

IEC 61850 ™A X3
IEC 61850 Substation Automation
« Direct IEC 61850 connectivity from ETAP Server
« IEC 61850 environmental compliant gateway for
distributed control & data collection
+ Automatic download of ICD & CID configuration
files
» Automation logic

Oy AN & 7191871 £3
Waveform Capture & Synchrophasor Measurements
« Automatic download & archive of waveform
captures
- Waveform Capture Viewer
« Transfer data to DPET module for tuning
« Replay recorded waveforms for root cause &
effect analysis
- Capture data from disturbance monitoring
equipment
« COMTRADE Sequence-of-Events Recorders &
PMUs
- Fault & Dynamic Disturbance Recorders
+ Online & archive trending

A2t & AR E
Visualization & Dashboards
« Thin client based monitoring & control
» WPF dashboards & views
- Automatically generate electrical diagrams from
ETAP views
- Intelligent web graphical user interface
- Geospatial maps for situational awareness
- Configurable web interface & control
« Alarm & warning displays
«» Customizable trending
» Flexibility to create “what if” scenarios
- Execution of ETAP scenarios remotely
» Process & performance monitoring
+ Multi-state breaker monitoring & control

Al & THIY E wWeb & Mobile Views
- Safe & secure communication
» User & machine Access Management
« Perform “what if” simulations remotely
» Customizable views

G|OJE] S¥F DataTrending
« User-friendly and flexible trending application
« Supports real-time and archived data trending

AH & BX| Alarming & Notification
» Prioritizes events via graphical and tabular
views
- Enables early detection & announcement of
problems
+ Alerting for non-telemetered devices

O|HIE 27 Event Logging
- Event log of all activities in the system to the
nearest miliisecond
» Complete history of power system'’s operation
when played back
- Retrieve sequence of equipment operation and
maintenance records
« Tabular or graphical views - hourly, daily,
monthly, or yearly basis

. IEC 61850 . OPC
- Modbus . OPCUA
. DNP3

Direct connectivity to any industry compliant system
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Power Management

SE OlF & 2ot X
State Estimation & Load Allocation .
- Dependable and fast convergence unobservable .
subsystems .
« State-of-the-art techniques .
- Includes essential tools for model validation .
» Compare telemetry, estimation, and power flow
results c

o

231t Eglol'd AlEzI0lg
Operator Training Simulator

0= AlSd0]M Predictive Simulation

Simulate circuit breaker operation

Identify potential operating problems
Simulate motor starting & load change
Predict operating time of protective devices
Predict system response based on operator
actions

Perform “what if” operating scenarios
Web-based simulation & alerts

Simulate real-time & archived data
Operator assistance & training

ol Al =24|0]4 Preventive Simulation
» Automated alarms based on events that may

potentially occur
Suggest remedial actions

Dynamic graphical simulation of the
power system

Simulate sequence-of-operation using
real-time data

Explore Alternative Actions

Virtual test of operator / controller actions

O|HIEZ 0|4 Event Playback

Ol X] H| A4t Energy Accounting .
- Energy tariff builder c
« Customizable reports o
» Real-time energy cost tracker .
+ Cost & consumption summary .

S —— Ea
T
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Replay archived historian data
Investigate cause & effect
Explore alternative actions
Replay “what if” scenarios
Playback of event views
Historical alarm database

&

\GMS;
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Generation Management

X2 M0 Automatic Generation Control
- Multi-area control
« Load frequency control
» Minimize Area Control Error (ACE)
+ MW & Mvar sharing
» NERC performance standard

AXZ™ Economic Dispatch

« Incremental generator heat-rate
« Generation constraints

+ Minimize fuel costs

« Optimize energy costs

- Detailed nonliner cost functions
» Fast solution

« Robust algorithms

Q7] GAHI”™ unit Commitment

« Real-Time validation & optimization
- Forecast based commitment

» Maintenance schedules

¥ AHFE Interchange Scheduling
- Tariff analyzer

« Rate structure builder

» Transaction scheduling

- Transaction contract

- Transaction reports

« Fuel cost schedule reports

OflH] 2| Reserve Management
- Operating reserve analysis
« Reserve capacity monitoring

« Notification of inadequate reserve
« Predict operating reserve




ETAP Real-Time
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Energy Management

HERI3 HOt 8M Network Security Analysis

+ Online security analysis

» Situational awareness support

» Perform “what if” operating scenarios

« Contingency Analysis, Short Circuit Analysis,
Voltage Stability, etc.

717] =Tt XA Equipment Outage Scheduling
+ Schedule equipment outages and consider in
network security
» Generators, transmission lines, transformers,
breakers, switches, loads, and compensation
devices
» Schedule equipment derating

ZEAIEIO] Supervisory Control
+ System optimization
» Supervisory & advisory control system
- Optimal power flow
+ Programmable logic editor

ZAHZEH™ Economic Dispatch
+ Minimize fuel costs
+ Optimize energy costs
- Consider network security constraints
+ Robust algorithms

2|QErl2 THY Mot
QESHA AA”RS
2EY + YLt
Faster than Real-Time

ILS dynamically mages the stability of the
system to respond faster to disturbances

Intelligent Substation

HM A XHE3} Substation Automation
- Flexible automation
+ Programmable logic editor
» Online control
+ Remote control - enable & disable commands
» Control inhibition based on system operational
constraints

JHE] 2| switching Management
» Switching sequence management
- Safety & security procedures
« Interlock logic evaluator
« Switching plan validation

» Control inhibition based on switching operations

» Safety ground switch

+ Pre-switch & post-action interlock

» Enforced interlock logic in simulation mode

- Supervisory control for real-time switching
operation

23} 2| Load Management

» Demand-side management
» Time-of-use load shifting
+ Intelligent load management

1. Simulate Triggers

Intelligent Load Shedding

=Q Hol ES Load Preservation
- Steady-state & transient response
+ Optimal load preservation

» Fast response time

+ Reliable operation

» Minimum load shedding

+ Proactive contingency analysis

» System islanding logic

+ VFD load reduction control

H3l 3|2 System Restoration

» Restart inhibition

» Logical load sequencer

- Load & source restoration priority

HSHKIEE HS Load Shedding Validation
» Automatic generation of transient study cases
« Confirm load shedding actions
» Simulate ILS recommendation
» Integrated stability knowledge base

2. Evaluate Actions

4. Analyze Recommendations

3. Update Logic
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ETAP Real-Time

ETAP ADMS™M2 & ™
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Advanced Distribution Management System

Xs¥ Xges 32t Crojoj 13y
Intelligent Geospatial Diagram

« Animated flows and alerts

» Flexible use of all analysis modules

- Multi-layer graphical display of GIS & data

» Use background maps for spatial awareness

- Substation & Feeder Diagrams

» Synchronized GIS & Logical views

SEHO = & 51X

State Estimation & Load Allocation

MY o1 Z2|AH 0]
Distribution Network Applications

Ck7| B15} 0|= Short-Term Load Forecasting

Volt / Var %|=3} & HOf

- Real-time assessment of network status
Volt / Var Optimization & Control

» Allows prediction of unbalanced system behavior X L
« Reactive power & var optimization

« Controls LTCs, capacitor banks & var support
devices

- Conservative voltage reduction

- Optimize voltage profile

» Minimize reactive power losses

TiC BHR A4 24
Feeder Balancing & Loss Minimization

- Utilize real-time or archived data

» Solve for any voltage level from transmission to low
voltage

- Solve radial or meshed networks

+ Auto run or manual modes

- Save solution control parameters for each scenario

+ Multi-CPU calculation capability

« Improve system kW losses

+ Minimize voltage violations

+ Minimize overload

- Balance feeder loads

« List of recommended switching operations

« Tie Point Optimization

- Feeder Reconfiguration

+ Automatic creation and saving of optimal
configuration

A B2|A]AE! Outage Management System

- Estimation of unbalanced distribution systems

- Unobservable system estimation from substation L& #X|, M8, ¢{X|, 22| & MH[A 57
meter to individual customer

» Utilize customer sector load profile library

« Apply load profile from meter data management . Prediction and Rule Engine
system

Fault Detection, Identification, Location, Isolation &
Service Restoration

« Utilize substation waveform for fault detection

« Support for Temporary Network Elements such as . Utilize fault passage indicators for fault detection
jumpers and cuts - Fault type identification - 3P, LG, LL, LLG, etc.

- |dentify one or more probable locations of fault

- Predict fault isolation switching actions to clear

= network faults

« Integrated with Outage Management System

1 « Integrated with Switching Management
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- Predict location of protective device that opened

upon failure

« Prioritize restoration efforts & manage resources

- Provide information on extent of outages &
number of customers impacted

+ Measure & reduce outage frequency due to use of

outage statistics

A|AE OIE{H|O| A System Interfaces

» Outage Management Systems (OMS)

+ Customer Information Systems (CIS)

« Meter Data Management Systems (MDM)
« GIS Systems

» MultiSpeak XML

» Common Information Model (CIM)

« Esri ArcGIS

«+ GE Smallworld™ Electric Office GIS

« Intergraph® InService OMS
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Microgrid Central Controller

I X| X% 2| Energy Storage Management
» Compensate for voltage & frequency fluctuations
- Regulate active and reactive power produced or consumed

kX X| &3S} Generation Optimization
« Supervisory control regulates generation levels
» Maintain power exchanges with neighboring areas
- Automatically detect loss of grid and switch control strategies

+ Regulate voltage and frequency P ;
+ Minimize energy costs, fuel costs, etc. /_,_.‘ E I 1
» Consider renewable energy in generation mix 'ﬂ b _u\ !
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£9Z 2| Demand Side Management

- Move on-peak usage into off-peak periods

« Shift rate schedules

- |dentify costly variations in load profile

+ Shed non-critical loads to save on energy cost

9™ & HEo} 0|= Generation & Load Forecasting
+ Reliably and accurately forecast future short term loading
» Generation forecast from varying sources

?e_tg:p HEADQUARTERS

f

Model-Driven Real-Time Solutions

- Distribution Management System
- Intelligent Load Shedding
« Smart Grid & Microgrid Solutions

- Power Management System
- Energy Management System
- Generation Management System
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Quality Assurance Commitment
ETAP is Verified and Validated (V&V) against field results, real system measurements, established programs, and hand calculations to ensure its
technical accuracy. Each release of ETAP undergoes a complete V&V process using thousands of test cases for each and every calculation module.
ETAP Quality Assurance program is specifically dedicated to meeting the requirements of:

Registered to ISO 9001 : 2008
1SO 9001:2008 10 CFR 50 Appendix B 10 CFR Part 21 10 CFR Part 50.55  ANSI/ASME N45.2
ASME NQA-1 CAN / CSA-Q396.1.2 ANSI / IEEE 730.1 ANSI N45.2.2

Certification No. 10002889 QM08
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Other brand and product names are trademarks of their respective holders. B16-PO-APR2015
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