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Overview of Objectives




Existing TTC calculation process

 Day Ahead Market (DAM): Thermal limits are calculated
for five interfaces subject to N-2 contingencies (CTG)

e CTGs: Line + Line (2ndLine); Generator + Line (2ndGen)

o Variety of EMS tools including Contingency Analysis,
Power Flow, linearized Interface Limit Calculation

Drawbacks

* Process takes up to 10-12 hours/one person each day

* Inconsistency of results day-to-day and person-to-person
Significant amount of manual work

“Last minute” changes difficult to apply




Requirements to new process for DAM

 Dramatic increase of efficiency and robustness

« Day-to-day consistency of process/results. Eliminate
dependence of results on person performing calculations

 Maximal automation and short learning curve to run
process

* Ability to consider a variety of scenarios for each
Interface

« Ability to adopt new process for Real Time operation and
other markets (FTR, FCM)




PowerWorld: Pros for new TTC process

 |ISO New England has the best implementation in industry
achieving EMS model and PowerWorld synchronization

o Excellent flexibility and functionality of Power World as a
research and engineering tool

« Fast and efficient work of Power World, Inc. staff to
Implement desirable to ISO-NE changes in software

« Auvallability of process automation tool - SimAuto

 Industry proven reputation of Power World (BPA, TVA,
Entergy, etc)




PowerWorld: Cons to overcome in new process

e Complicated tool
— A lot of parameters to be adjusted for proper ATC run

— Long learning curve for a new user

* Vulnerability of data/settings from the unassuming user




TTC Calculator: How it looks and
what it does




Step by Step Calculation process

Step 1: Prepare power flow case in EMS environment
and convert it into .aux format

Step 2: Select pre-defined type of computations (All
Interfaces, Single Interface, Single Scenario)

Step 3: Select pre-defined system conditions relevant to
TTC calculations

Step 4: Push “Run” button

Step 5: Analyze results

In general, the calculations can be classified as
“Push one button” process




Data Flow Chart

- Monitoring elements - Interfaces related data

- Actions; Filters; SPS; etc. B - Actions for interfaces

Retriever
Converting EMS case to
PowerWorld format

EMS - Relatively Static data
Power flow cases ' | Script and data: .aux files "
B e & Sk Definitions: .csv files
l ' | - Contingencies definition - Scenarios

! i TTC Calculator:
Power flow base cases: H-ﬁ—p - User Interface »| Control-Scenario file
! .aux files | . .aux script
| : - Script Generator
; Dynamic data ! \
Results
PowerWorld: » - Excel .csv files
- Simulator - Reports

- SimAuto
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Main Menu

Date: [3/28(2007

HEurs I

Study Case: |mndeljfjwrflnw_iduff':.-' 09_28_07 osdl_20070929_175434, aux

Results File: |TTC_EI‘3-28-2EIEI?_aII.::s'-.f

Ratings

MSTAR: [Sep2007 |

DAl Season: | SUMMER

Type of Calculation

" all Interfaces and Scenarios
&' single Interface

Interface: [CT-Imp ]

[™ Run all Scenarios for selected Interface

v Pun a specific Scenario

Type of Limit: |2ru:ILinE! 'I

Conditions

v wsE1 available
V¥ wsiaz Available

¥ w310 Available

v Cpen Line 1385

¥ Cpen Cross Sound Cable

[V Limit CaM1 and Canz

W Limit MHHE output

Scenario: |Sa|:kﬁtt PStap = 43 ] Save Log Clear Log
10/11/2007 9:31:25 AM - IS0 Mew England TTiC Calculator - Intialized =
hd
Fun Approve YWiew Results Settings Close |

ISO newengland

. GUI uses “TTC process”

language

. All engineering knowledge

on TTC calculation
process and software
settings are pre-defined
and hidden in .aux files

. Regular User can run

calculations but cannot
change critical data in .aux
files

. Authorized User has full

access to all critical data

. Batch or Single Scenario

calculations
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Settings
JRI=IE

TTC Calculator Settings

I
O

TTC Common Dir: I'l,'l,rtsml:u'l,TTC_P'-.-'-.-"I,TTC_F"-.-'-.-'_CDmmDn'I, Change |
TTC Local Dir: IC:'I,D:::-:uments and SettingsiMy Docurments\FTC_PW_Local, ichange |
M3 Office Dir: |C:'I,F'r|:|gram Files\Microsoft Sfficelofficel 1Y, Change I
Study Case Dirs |'l,'l,rtsmI:u'l,Pl:uwer'-.-'-.-'DrId'l,expl:urts'l, Change I

DAL Season: Winter [~ Summer [ Resulks Display

Only Generate PYW Script File During Run: 2 Open With: & Access  © Excel

Feport Type: € Summary £ Detailed

Skip User approval of Limit Calculations; r
Sorting For . R
Impork Mew Daka IUpdate Cond Cefault SUMmary! 3 e Limit: £ i Lirit
Zancel Save and Close

o Establish links with shared data on server and data on
local machine

« Set a selection criteria for summary report — “best case
scenario” (operation) or “worst case scenario” (planning)

» Other settings and service functions
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System conditions

EE 150 New England TTC Calculator O] x|
Date: [3/28(2007 Haur: |

Study Case: ImndeIJ:uFJ:uwrFIDW_iu:IuFF';.-'_EIQ_EB_EI? osdl _20070929_175434, aux Ij:l
Results File: ITTC_DQ-EB-EDD?_aII.::sv = |
Ratings Conditions
MNSTAR: [Sep2007 [ ¥ WsG1 Available
DAL Season: | SUMMER ¥ WSz Available

v ws10 Available

Type of Calculation

i~ all Interfaces and Scenarios W Open Line 1385

' single Interface ¥ Cpen Cross Sound Cable
Inkerface: ICT-Imp ]

[ Run all Scenarios For selected Inkerface

IV Limit CAMN1 and CANZ

¥ Fun a specific Scenario I¥ Limit MHHE cutput

Type of Limit: IZru:ILine *I

Scenario: [Sackett PS5 tap = +3 | Save Log Clear Log

Allows user to apply current system conditions which are not
reflected in EMS but impact results of TTC

« Avallablility of fast start units for relieving local overloading

» Compliance with Operating Procedures
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Results - Detall

150 New EnglandTTC Calculation Report i ] [
ISO New England TTC Calculation - Detail [
Drate: 09e28/2007
Study Cazer wflowy tezywezy 0928 0Tosdt 20070927 115757 aux
System Status Ratings
WEGT: Available WSGZE Available WSA0 Awvailable DAL SUMBMER
Line 1385: Open CEC Open CAN1+2 Limited MHHE: Limited WETAR: Sep2007
Interface | Limit Scenario DAL | Limit Cortingency Limiting Element | Limit Solution Tripped  (Losd Shed Tripped Unit(s) Ay
Tvpe () Uzed Type Gen (MW (MW
BOSTH 2ndLine  Phasze Shiterstap= -3 B 2757 F37 + 3894 T14641 188 FULL u] 0 ™|
BOETM  2ndline Phase Shiterstap= -3 B 2814 337 + 304 514541 1688 FULL 0 a O
BOSTH 2ndline  Phase Shiterstap= -3 M 2838 F37 + 394 5145-2 185 FULL u] 0 O
BOSTH 2ndLine  Phase Shiterstap= +6 B 1588 F37 + 3894 110-511-4 206 FULL u] 0 ¥
BOETM  2ndline Phase Shiterstap= +6 b 2023 337 + 304 110-510-4 208 FULL 0 a O
BOSTH 2ndline  Phase Shiterstap= +6 B 2468 FE7 + 387 110-511-4 206 FULL u] 0 O
BOSTH 2ndline  Phase Shiterstap= +3 ] 2548 337 + 394 110-511-4 206 FULL u] 0 ¥l
BOETH  2ndline Phase Shiterstap= +3 ] 2530 337 + 394 110-510-4 208 FULL 0 a O
BOSTH 2ndLine  Phase Shiterstap= +3 B 3126 FE7 + 394 T14641 188 FULL u] 0 O
BOSTH 2ndline  Phase Shiterstap= 0 W] 2865 F37 + 394 T146-1 188 FULL u] 0 1
BOSTH 2ndline  Phase Shiterstap= 0 | 3018 337 + 394 S145-1 1685 FULL u] 0 O
BOETH  2ndline Phase Shiterstap= 0 R 3108 337 + 394 S145-2 1686 CTG_FAL 0 a O
CT-mp 2ndzen Basze O 2073 B16 43 478 FULL 1098 0 MILS )
CT-Imp 2ndGen Base O 2086 B17 1.4 477 FULL 1099 0 MILS O
CT-lmp 2ndGen Basze O 33 330 39341 1530  FULL 1088 0 MILS O
CT-mp 2ndline  Basze [0 1467 1254 + 1753 132 14 FULL u] 0 |
CT-Imp 2ndline Base o 8% 330 + 395 1821 228 FULL u] 0 O
CT-lmp 2ndLine Basze 0O 1890 330 + 395 1765 1683 FULL u] 0 O
CT-mp 2ndline  Basze 23 330+ 395 1836 280 FULL u] 0 |
CT-Imp 2ndline Base 2392 330 + 395 1821 280 FULL u] 0 O
CT-lmp 2ndLine Basze 2465 347 + 385 1624 280 FULL u] 0 O
LWWSEMA 2ndGen  Tiverton on Ecohbdin O 905 ML 1 215 FULL 200 0 CAMT |
LWSEMA 2ndGen  Tiveron on Ecabdin O 933 342 D1 215 FULL 200 0 CAMNT O
LWWEEMA 2ndGen  Tiverton on Ecabin [ 1084 128 [y 217 FULL 200 0 CANA O
LWWSEMA 2ndGen Base O 35 ML 1 216 FULL 200 0 CAMT x|
LWWSEMA 2ndGen Base O 853 342 D1 218 FULL 200 0 CAMNT O
LWWESEMA 2ndGen Base O 1007 128 [y 218 FULL 200 0 CANA O
Page 4 of 7 10 1/2007 11:39:54 AW -
page: || 4 lm]| A | v

new england
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Results - Summary

REE
-
ISO New England TTC Calculation - Summary Max -
Date: 09928/2007
Stuedy Casze pwflowe tozwaezy 0925 07 osc 20070927 _115757.aux
System Status Ratings
WEGT Available WEGE Available WS Available DAL SUMMER
Line 13585 Open CIC: Qpen CAM1+2: Limited MHHE: Limited MESTAR: Sep007
Interface | Limit Scenario DAL | Limit Contingency Limiting Elemert | Limit Solution Tripped  |Load Shed Tripped Unit(s)
Type ] U=ed Type Gen (W] (v
BOSTM  2ndGen Phase Shiterstap= [ 4418 |11 T146-1 145  FULL 570 MEG1T MEG2 MESS
BOSTM  2ndline Phase Shiterstap= +1 [ 2852 33T + 394 T146-1 145  FULL a 36
BOSTH  Zndline Phase Shiterstap= 0 ] 2968 337 + 394 T146-1 168 FULL 1] 0
CTImp  ZndGen Base O 2073 IB16 4% 475 FULL 10899 MILS
CTdmp  Zndline Base O 1467 1254 + 17253 1322 141 FULL 1] 924
CTdmp  Zndline Base R 23 330 + 395 1835 28 FULL 1] 0
LWWSEMA ZndGen  Tiverton on Ecobin | 205 ZRLY ] 213 FULL a0 C AR
LWSEMA Zndline Base | 356 331+ 342 D21 220 FULL I 0
MRST 2ndGen  Hawed Mor readorsIN SERMCE [ a1 1001 1880-3 250 FULL & MR e
MRST 2ndline  Haws Mor readors IM SERMICE [ 243 1001 + 1130 1880-3 240 FULL I 79
MRST 2ndline  Hawwd Mor reactors IN SERMICE E22 1001 + 1130 1880-3 32 FULL I 0
SWCT 2ndGen Hawd Mor readorsIM SERWMICE [ 1810 ol 890036-1 235 FULL 444 BHCC
SWCT 2ndline  Base O Tav 387 + 362 17831 12 FULL I 265
SWCT 2ndline  Hawwd Mor reactors IN SERMICE 1056 387 + 362 178341 184 FULL a 0
WESTCT 2ncdGen Base O 2073 362 178441 283 FULL 444 BHCC
WESTCT 2ndline Hsawed Mor readorzIN SERWMICE [ 1028 362 + 367 178441 283 FULL a 466
WESTCT 2ndline  Hawd Mor reactors IN SERWICE 1492 362 + 367 178341 184 FULL a 0
-
Page: L[;I |_1L|l| LI | [

new england
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Computation Time. Scenarios

» Transfer Limits are calculated by full AC solution. Linearized

solutions can give error up to 10%-20%, which is not acceptable for

DAM and RT operation

e Scenario is a single run of Power World ATC tool. Scenarios reflect
different system conditions (availability of equipment, phase shifter

settings, etc.) and different type of contingencies (N-1, 2ndGen,

2ndLine)

« Computation time of one Scenario takes about 1 min (PowerWorld

Simulator V.12, single CPU)

Type of Run

Number of interfaces

Number of scenarios

Batch

Multiple, pre-selected
(currently 6)

Multiple, pre-selected
(currently 55-65)

Single Interface One Multiple, pre-selected
(currently 4-25)
Single Scenario One One

ISO newengland
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TTC Calculator: Major Accomplishments

« Dramatically increased process efficiency. Time reduction from
12hr to 1hr now, and to a few minutes in the near future

* Increased reliability and consistency of results by excluding all
possible subjective factors and human errors

 Incorporation of expert engineering knowledge on TTC calculation
process into formal .aux files and make them available for use by
any user. Separating unassuming user from critical data.

* Very short learning curve for users with different backgrounds.

* Opportunity to adapt new process for Real Time operation and
other applications (FTR, FCM)

“TTC Calculator” is the new level of application
Power World tools in production environment




TTC Calculator: design features




TTC Calculator: Functional Scheme

| Data on server =~ [———— ———— —— !
! Supporting data Line rating: Settings and I
! Power flow cases: and script files .aux format Documents :
| .aux format .aux format ! :
| /// """"""" J

TTC Calculator: . PowerWorld:

- User Interface * - Simulator
- Script Generator - SimAuto
/ 1 I | A

N~ (O 4 SR W N p— \
i Temporary Results TTC Control-S?enar.io file i
| files - Excel .csv files Calculator ready to feed into Simulator |
1 1
! - Reports ancillary data Data on local machine

» Cyber security: Critical data in protected area on server

« Multi user environment with ability to have individual settings for each
user to optimize solution for a specific task

e Easy to maintain

2007 PowerWorld Client Conference. October 25-26
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Major Functions

Links together
e EMS model
 Power World process automation tools

% « ATC computing engine

TTC Calculator |===) |User Interface

e Optimized for TTC process
o Uses “TTC process language”

Script Generator
* Produces complete script file

« Script file is run automatically or saved for
iIndependent run by Simulator

o Flexibility to modify and add new scenarios

2007 PowerWorld Client Conference. October 25-26
ISO newengland © 2007 1SO New England Inc. 20



EMS and Power World integration

Retriever and Plant Information (Pl) system provide
capability to convert EMS power flow case into
PowerWorld .aux format

EMS Power Flow Case

V4 o N\
Study Mode | | Study Mode
RT Mode Power Flow Contingency
_ Analysis
Retriever i/' \ ________ 1 ______ F--
.aux file .aux files .aux file .aux files

Every SE run Every CA run
3 min 9 min

By request




Script Generator

Read retrieved S g Ul
Make case ) from EMS ) calculation via
adjustments common [* study case User Interface
for all interfaces

\

Action Loop: do for all select@ <
.aux files

¥
Adjust study case for a specific interface
Action ¥
-aux files Loop: do for all selected scenarios «
of this interface
Final adjustment Load _
of study case for IC.’a |l Load: Monitored elements,
a scenario Ine rating Contingencies, ATC settings,
3 settings Special Protection Schemes
Action Pt :
.aux files Run ATC tool and write results

e Universal structure for any scenario
* Introduction new scenario does not require coding and is data driven

\ 4
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More detalls of supporting .aux files




Source - Sink

Interface
*_

é T <Power Transfer

* Respect capacity limits: Pload >0, Pmin < Pg < Pmax

* Locate Source and Sink far away from interface; include both
generators and loads

« Capacity of available on-line units in the Source is often not
sufficient to hit TTC limit. Assign additional Source units and bring
them on-line if they are off-line in study case

 Change load only after generator resources are exhausted




Monitored Elements

Source

é T Monitored Area T é

Selection of Monitored area as a compromise between

« Maximal system coverage around interface and

* Avoiding remote areas prone to local overloading due to
relative arbitrariness of Source and Sink configuration
and their day-to-day change




Contingencies (CTG)

Source

b e

Reduce total number of CTGs to those significantly affecting
Interface area. Each interface has individual set of CTGs

Power World can generate N-2 CTGs as simple combinations of
single CTGs. That could be more conservative comparing to
NERC reliability requirement related to N-2 CTGs.

Special treatment of CTGs involving tripping of generators (2ndGen)
« Automatic selection of largest generators
* Proper AGC settings to pick up tripped power

2007 PowerWorld Client Conference. October 25-26
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ATC Settings

L:J Available Transfer Capability

i Analysis I Fesulk I

—&TC Salution Methad
" Single Linear Step (5L)

"~ Iterated Linear Step (IL)

+ {IL) then Full £Tia Solution

~Transfer Calculakion Options

Ignore Limiters below

Comrmon Cpkions I Define Contingencies  Advanced Options |Memu:u I

:

Transfer Tolerance |10.0000 = gy

Max Iterakions |15 =

When iterating,

:

F9T700 A gy

Define Extra Monitors

[T &nalyze Multiple Scenarios

f Ignaring reactive power

" Assuming conskant volkage magnitude

Transket Limiters to
Ikerate on

i

~TModel reackive power For linear methods by, ., ——

Power Flow Solution Opkions

Imjection Group Options

Madify Contingency Solukion Cptions |

Ilse specific solution options
v . .

for contingencies

Force all transfer ramping o occur in
v pre-contingency skates and repeat

Full CTG solutions

i Assurning reactive power does nok change

¥ Iterate on Failled contingency

[T For linear methods, allow amp limits by assuming a constant volkage magnitude,
Then multiply the MYA limit of the transmission line by the per-unit voltage of the line

=10l x|

Save Setkings | Load Settings |

? Help | l-'LCIDse |

Coordinated settings to get reliable and accurate solution at min time

new england
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Automatic following changes in EMS

EMS power system model experiences frequent changes and
results of TTC Calculator must be consistent

To increase reliability and reduce maintenance efforts, design
of supporting .aux files shall automatically incorporate ongoing
EMS changes

Examples of developed at ISO-NE pertaining procedures:

Load participation factors follow load weights in EMS load
tree

Generation of N-k contingencies based on CTG labels (like
337 + 394) and single CTG definition in EMS



Near Future Plans




Near Future Plans

A. Adopt TTC Calculator for Real Time operation. Key feature is
Implementation of “consolidated model” (without near to zero
Impedance branches) in all Power World tools

» Expected 5-8 times reduction in current on-line computation time
* Improved convergence of solution

B. Day Ahead Market: Extend TTC calculation for every hour for the
next 24 hours

C. Develop automated combined calculation of Thermal Limits and
Voltage Stability, PVQV tool

D. Multi-CPU calculation of TTC to satisfy Real Time requirements
* Natural paralleling by Interface and Scenario

 Script generator can produce complete script for each
Scenario very quickly




Thank you







PJM and NY Internal Interface

8/4/2007 05:47:06 PM DS

PJM and New York Internal Interface Monitor

Moses South -

.

! 7.“.
\ N
Central Bast
Crsinger East West Cem’fafl/" 2031
- e Total East )

3722

UPMY ConEd
1320

T : . e
Y3 r__,_é%ﬁ
SPR/DUN-South |4 =

ConED LIFA

PJM Reactive Interfaces 1641

PIM BedB P APS PIM West PIM Cent P East PO SO0

1945 MW 3550 M 4788 MW 1874 MY 5130 MW 3604 M
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