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Generator Interconnection Study

e This session encompasses several types of analysis that might be
performed as part of an interconnection study for a proposed
generator

— Contingency Analysis: Comparison of Contingent Overloads with and
without proposed unit

— PTDEF: Visualize incremental flows from proposed unit

— ATC: How much power can be delivered from proposed unit before
overloads occur?

— PVQV: How much power can be delivered from proposed unit before
voltage becomes unacceptable or collapses?
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Using Comparison of Two Sets of Contingency
Results

 Open Case ACTIVSg2000.pwb

e . ”
Thisisa ic power system mode! that does NOT represent
e In “Simulator Options... B
Grid Data research project and contains no CEll. To reference
- the model development approach, use:

- 4
-- fﬁ” AB. Birchfield, T. Xu, KM Gegrer, KS. Shetye, and T.J.
- { Overbye, "Grid Structural acteristics as Validation

check box Prevent
Controller Oscillations

Qriteria for Synthetic Networks," IEEE Transactions on
Power Qs ol 32 nn 4 nn RRRR65 Tilv 2017
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Model the Proposed Generator

* Interconnect at bus 1089 in Lamesa substation

— New Bus 1 (Lamesa Wind): 34.50 kV, located in new area 10 (Lamesa),
zone 1, and substation 54 (Lamesa)

— New transformer to connect new bus 1 to existing bus 1089: R =
00024, X =0.086, All Limits =0

— New Generator at Bus 1: 200 MW Max, regulate bus 1089 to 1.0 pu
volt, -50 Mvar Min, 50 Mvar Max

 Add these elements manually or load
aux2020Generatorinterconnect.aux
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Injection Groups

* Create injection groups to serve as sources and sinks for
upcoming ATC and PV Analysis

Model Explorer: Injection Groups - o IES
Explore n || X Injection Groups | X% Areas | X Buses | X MW Transactions
m— Ak % 88 B8, | Records - Set+ Columns - B~ - Wi T - B fo- B v
: Recent ~ Filter [Advanced| % | Injection Group W % | Find... Remove Quick Filter =
] Metwork — — -
P Aggregations Injection Groups | Participation Points
EH Areas Mame Mumber of |% MW Gen| Mumber of |% MW Load|% Mvar Load|Number of| % Mvar Shunt| Total MW [Total Mvar
@ Balancing Authaorities Gens ParFac Loads ParFac ParFac Shunts ParFac Imjection |Imjection
s Pairs oast Loa . . . 00 - . - .
HH Bus Pair 1|coast Load 0 0.00 242 100,00 100.00 0 0.00 -18393.86 -5211.59
B Data Maintainers 2k amesa 1 100.00 0 0.00 0.00 0 0.00  200.00 0.33
+ B9 Injection Groups
+ B7 Interfaces
@ Islands
B Multi-Section Lines Participation Points (Alll | Generators | Loads | Switched Shunts | Injection Groups | Buses »
MW T cti
i ransactions Point Type Mumber Mame |II3l | AutoCalc? Initial Value ParFac
» ﬂ:” MNomograms
@ Owners 1:EN 1 Lamesa Wind 1 MO SPECIFIED 10.00
B substations
HH super sreas v
Open Mew Explorer Search Search Mow Options =
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Injection Groups

 Group “Lamesa” contains only the new generator at Bus 1

 Group “Coast Load” contains all loads in Area 7 (Coast), with
participation factors set to the size of the load

 Add these groups manually or load from
aux2030InjectionGroups.aux
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Injection Group “Coast Load”

e Use Area/Zone Filters and include only Area 7

e Select All o e

Points for Injection Group DEFAULTIG1

Sort by Name () Sort by Number

[ ]
e Base on size S
x| 247 entries ® N Participation Factors LOAD ALVIN 2 { 7424) €1  141_4521 A
®) Number LOAD RENGLETON 1 ( 7253) $£ 51.3433
LOoAD BACLIFF O ( 70Z8) £1 Z&_.311z2
® Cl . k LOAD BRCLIFF 0 { 702&) #2 17.5651
ick Add ->

Base on size EMOVE \LoaD  BAY CITY 1 ( 726Z) § 7TZ_8360

- Sortby ()

() Specify a value:

Use ArezZone Fikers | Quick || Define
2 Search Mext Search Al

Use Custom Figld: LORD  BAYTOWM 3 1 ( 7283) 110.6965
You can use wildcard characters = or ? LOAD BRAYTOWM 4 O ([ 7392) 0.9485
~ Use Field or Model E!(pFES' TOAD BAYTCWHN 4 0 [ 7332) 51 _8869

Field LOAD BEASLEY O ( 7230) 1  7.4538

7001 (INE< U} =1 1115.0 kv] LOAD BELLVILLE 0 { 7314) 25.0780
7004 (PASADEMA 2 2) #1 [215.0 Choose a Ei Find... LOAD BLESSING 0 ([ 7303) # &.58185
7010 (PRAIRIE VIEW 0) #1 [115.0 kv] ’ LOAD  BLOOMINGTON 0 ( 7143  2.1782
7011 (CONROE 10) #1 [115.0kv] iculate factors dynamically LOAD BLOOMINGTON O { 7143  2_2722
7012 (SIMONTON 0) #1 [115.0 kv] LOAD  BLOOMINGTON 0 ( 7143  7.936l1
7013 (HOUSTOM 80 0) #1 [115.0 kv] LOAD BRAZORIAZ 0O ([ 742Z6) & 42_2685
7014 (HOUSTOM 10) #1 [115.0 kv] LORD  BROCESHIRE 0 { 7271) 28.7685
7016 (HOUSTOM 9 0) #1 [115.0 kv] LOAD CHANNELVIEW 2 0 ( 72 12&.0349

7017 (HOUSTOM 730) #1 [115.0 kv]

FU20 (MURSERY 2) #1 [115.0 kv] W LOAD CONROE 2

) Set Selected Field. .. LOLD COMROE 3 0 ( 7254) ¢ 50.6330
4

LORD COMNROE 1 0 ( 7011) § 3e.1350

Edit AreafZone Filters
0O ( T300) £ 54_35845

LOAD CONROE 0 ( 7154) § 595.Zg0z ¥

o OK ? Help
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MW Control and AGC Settings

e Set Super Area “Texas” Off AGC

e Move System Slack to Bus 5262 in Area North Central (to allow
control of Area 7, Coast)

e Set All Areas to Part. AGC except
— Area 5 (North Central) to Off AGC
— Area 7 (Coast) to IG Slack, with “Coast Load” as the injection group

e Set Unspec. MW Inter. = Int MW for all areas (to zero-out ACE)
e Perform manually or load aux2040MW<Control.aux
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Contingency

Setup Contingency Analysis

Go to Tools Ribbon Tab and choose Contingency Analysis
Click the Auto Insert button at the bottom of this dialog

Choose Single

Transmission Line

or Transformer
Choose Delete

Existing Contingency

records
Click Edit

Area/Zone Filters

on this dialog

Choose 100 kV Min

S8: Generator Interconnection Study

Automatically generate invalving a ...
() single transmission line
() Single transformer
| (@) Single transmission line or transformer
) 3-winding transformer
t::-' Single generating unit
() single bus
() 5ingle shunt
() Single line shunt
() Single substation
(") Bus Qrowumng
1) Combination of ...
Marning Options

Identify transformers usipggaeix T

Identify lines.usifg prefix L
Iagntify buses by

() Numbers

() Names

(®) Both

() Labels (Use Mumbers if no label)

[]indude Nominal Voltages

Auto Insertion of Contingency Records

| Do Insert Contingency records

Action Type to Create
® Open
Open Breakers
Options
Delete Existing Contingency records

Use Area/Zone Filters Edit Area/Zone Filters

Filter using nopisa¥oltage range

_ = Branch End to Use
1 All Voltages Max | 9999.00 2 kv (@) Lower Voltage

Migg,| 100.00(55 kv (7)Higher Voltage

[l osi¢indude branches meeting Define Branch Filter

Treatment of Transformers that are Part of 3-Windings
() Insert winding outages separately

(®) Insert 3-Winding transformer outages

() Ignore (Do not insert these outages)

[ only indude elements within 0.00 5  Number of nodes

| Save Settings Save To Aux Cancel Help
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Limit the Areas for which contingency area defined

 Modify the Area/Zone Filters so that all areas are set to
Shown = NO

 Then set the following 3 areas to YES
— 1 (Far WeSt) [® Area/Zone/Owner/DataMaintainer Filters - o IEBR

et all Area/Zone (Owner [DataMaintainer Filters to Yes | [ | Use Data Mainte Close y

- 7 ( CO a St) Areas | Zones | Owners | Data Maintainers

m e % "'||<' "_'.;.'3 ;':'_3 ﬁ ?&D Records = Geo~ Set~ | Options = W

— 1 O ( La m e S a ) Set al Area Num| Area Mame |Shown| #of Buses|l‘~"lin Bus Num|l‘~"lax Bus Num|
1 |

Shes i 1 Far West EES | a1 1001 1091

. — 2 2 MNorth MO 133 2001 2133

® C I I1C k C I ose Sﬁf" 3 3 West NO 147 3001 4001

< 4 5ol MO 196 4002 6348

3 5 Morth Central MO 433 5003 5485

6 & South Central NO 358 5001 6360

7 7 Coast YES 432 7001 7432

3 3 East MO 160 3001 3160

Z 10 Lamesa YES 1 1 1
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Insert the Contingencies

* Click Do InsertContingencies

A prompt will ask if you want
to insert 968 contingencies
and delete existing
contingencies

— Choose Yes

i

[®] Auto Insertion of Contingency Records

Automatically generate involving a ...
(" Single transmission line

ingle transformer

®) Single transmission line or transformer

() 3-winding transformer

ingle bus

() Single shunt
(5ingle line shunt

ingle substation

US grouping
(_J) Combination of ...
Naming Options

Identify transformers using prefix T_

Identify lines using prefix L
Identify buses by

() Mumbers

() Labels (Use Mumbers if no label)

|| Indude Mominal Voltages

Do Insert Contingency records

Action Type to Create
® Open
Open Breakers
Options
Delete Existing Contingency records

|Jse Area/Zone Filters Edit Area/Zone Filters

Filter using nominal voltage range

Branch End to Use

K@) Lower Voltage

kV () Higher Voltage

[] all voltages Max | 9929,00

Min 100,00

[ ] only indude branches meeting Define Branch Filter

Treatment of Transformers that are Part of 3-Windings
() Insert winding outages separately

nsert 3-Winding transformer outages
() Ignore (Do not insert these outages)

ry

[] only indude elements within 0.00 - Number of nodes

Save Settings Save To Aux Cancel Help
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Setup Contingency Options

 Choose the Options Tab, and the
Modeling -> Basics page

— Set the Make-Up Power
to Generator Participation Factors from
Entire Case Directly

e Also open Limit Monitoring Settings

— lgnore Radial Lines and Buses
— Report Min kV = 100 for all Areas

Make-Up Power
When a contingency invaolving generationfload MW changes or
outages does not specify how to compensate for the lost powe
impart the required power from these sources:

Determine Make Up Using

() Area Participation Factors specified below

(®) Generator Participation Factors From Entire Case Directly

'1:_:1' Same as Power Flow case

-

Make-up Power Tolerance 5.0000|=

[ ]Prevent new island without enough controllable generation

el ann AR A4 ~ ' —

Limit Monitoring Settings and Bmit Violations

Elefents to Show

(@) Al Bizments

__) Monitoreg Elements
() violating Eleiments

Use the Modify/Create Limit Groups to tab to
modify and create limit groups to which
Buses, Lines and Interfaces can be assigned.
Use the Buses, Lines and Interfaces tabs to
assign elements to different limit groups. Mumber Of Violations

The Areas and Zones tabs are provided here Low Voltage Buses

for your convenience. )
High Voltage Buses

Low-voltage Suspects

Save Manitoring Settings Lines/Transformers
Load Manitoring Settings Interfaces
Bus Pairs

- - KN
Limit Group Values

Limit Group Default W
[ "] Group Disabled / Do Mot Monitor

Lines & Transformers | Interfaces | Buses | Bus Pairs

Y

0 Percentage 100.0 <
a Mormal Rating Set | A W
a Contingency Rating Set (A W

[ |:| Treat Line Limits as Equivalent Amps

0 Do not menitor radial lines and buses (applied to all limit groups)
0 (This option is not applied if using topology processing)
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Advanced Limit Monitoring

e Always report as violations decrease in

low bus voltage >= 0.05

e Report changes in bus dV/dQ sensitivity |

Advanced Limit Monitoring

Reparting based on the CHANGE relative to base case
[ ] Mever report violations if the ...

at least 5x greater than reference state,

advanced filter on buses with >=5 MW

load in areas 1, 7, 10

S8: Generator Interconnection Study

Always report as a '-.-'iculam:j if the ...
Increase in lineftransformer fidws == | 999.00 = %
Decrease in low bus voltage == | 0.0500|= pu
Increase in high bus voltage == | 2.0000 = pu

Increase in interface flows ==| 999,00 %

| Report changes in bus dv/dQ sensitivity

Change in dv/dQ sensitivity multiple 5.00=
Monitor by Bus Filter |dV/dQ chedk ")
Define Filter

[ ]Report as a violation if a bus becomes disconnected

© 2025 PowerWorld Corporation
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Run the Contingencies

 Go back to the Contingencies Tab

— Click Start Run Button

 We now have contingency analysis result for

our base case.

— Save these to compare to later
— Click the Save Button at the bottom of the

dialog

e Save as file LamesaCTGBase.aux

 On Dialog that appears check
— Save Contingency Definitions
— Save Contingency Options
— Save Contingency Results

S8: Generator Interconnection Study
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Contingency Settings

There are numerous settings which affect the Contingency Analysis
formatting options on how to represent them in the AUX file

What to Store
Save Contingency Definitions

| Save Remedial Actions and Global Actions (none)
Save unlinked contingency actions {(none)

Save Model Filters, Model Conditions, Model Expressions,
and Model Result Overrides {none)

Save Contingency Options (also Area Makeup, Gen Line
Drop, Gen AGC, Gen Max MW, Bus Load Throw, Shunt)

|:| Suppress Gen and Bus Contingency Options
| Save Voltage Control Groups {none)
[ ] save General Power Flow Solution Options
| Save Custom Monitors {nong)

D Save Limit Manitoring Settings (Area, Zone, LimitSet, Bus,
Branch, and Interface)

| Save Limit Cost Functions if they exist (none)

[]5ave List Display Settings

[#|5Save Contingency Results:

|:| Save Inactive Violations

[ T
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Build a Comparison Case

e Study the hypothetical new 200 MW generator at Lamesa
e Open Bus View Oneline and navigate to Bus 1

Bus View for Lamesa Wind_1 - o n
<a- Bus |Lamesa Wind [34.5 kV] [ 1) % Find... Options = Views ~ Histary =
Lamesa Wind

2.713 Mvar
Area: Lamesa (10}
V4 Zone: Bay Citv (1)
D1
ere’s our new generator
34.08 KV T
90 WMvar
-40.82 Deg
9.0 MvA
Not Valid Sk

= =
= =

Close Breakers for Generator and
collector transformer
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Create a Transfer from New Generator

 Generator bus is assigned to its own area number 10

(Lamesa)

* Open the Model Explorer .=

&

Explaorer...

— Choose Aggregations\Areas

— Choose Area 10
(Lamesa)

— Click the Show
Dialog button =

S8: Generator Interconnection Study

Model Explorer: Areas

Explore

Recent
Metwork
Pl Agosegations

Fﬁ Areas

HH Balancing Authorities
B Bus Pairs

MR\ Data Maintainers

. BP9 Infeesian Groups

. BF Interfaces

H 1slands

Bl Multi-Section Lines
B Mw Transactions

3 If:‘ Nomograms

B owners
FH €ihctatinne

Open Mew Explorer

']

”~

- - EEm

X _Areas | X Buses X MW Transactions | X Inj Groups | X Generators | 2 * | *

y B0 &k % % | g 88 35 Records - Geo- Set~ ¥ v
Filter |Advanced| v | Area v W
Gen Max MW Area Num Area Name AGC Status Gen MW Load
1 5551.98 1 Far West Part. AGC 3009.07 1
2 5236.41 2 Morth Part. AGC 3015.69 1/
3 5131.03 3 West Part, AGC 4040.80 1
4 8748.10 4 South Part, AGC 709402 5]
5 17730.62 5 Morth Central Off AGC 12572.08 22
] 15344.07 & South Central Fart. AGC 11830.68 12
~ 7 2655326 7 Coast 1G Slack 23699.34 18
R 11446 A4 2 Fact Dopt A FETE T 3

| i 200.00 10 Lamesa Eart. AGC | w 200.00
< >
Search Search Mow W

© 2025 PowerWorld Corporation

16



200 MW Transfer to Coast

e Setup a 200 MW Export from Lamesa to Area 7 (Coast)

 Click OK

* Click Single
Solution

Lamesa Area Information for Present
Area MW Control Options

L] 1 -
Number |10 Im Find By Number (7)Mo Area Contral
] | Participation Factor Control
N Lamesa W Find By M
ame Lo ) Economic Dispatch Control
er Area v Find ... rea Slack Bus

) Injection Group Area Slack

no labels (_) Optimal Power Flow Contral

Info f Intercha

- - ER

Options | Area MW Control Options | OPF Tie Lines | Buses | Gens | Loads | Custom | Stability

1.00

Area Summary Total Interchange
A
MW Myar Unspedfied MW 0.0 AGC Tolerance

Load

Transaction MW 0.0 Area Control Error (ACE)| 0.0
Generation 0.0

[Jonly show Areas with Monzero Interchange
Eived Biie Sk imte nn

Bus View for Lamesa Wind_1

o Bus |Lamesa Wind [34.5 kV] [ 1)[ Find... Options *
Lamesa Wind

Bus: Lamesa Wind {1}
Mom kV: 34.50

Area: Lamesa (10}
Zone: Bay City (1)

0.985959 pu
3415 KV
-11.36 Deg
Mot Valid S/MWh

S8: Generator Interconnection Study

) ) umber | MName
Views = History =

Area Has Multiple Islands

BT Bl %8 5% | 84 88 | Records - Set- | ¥

MU Eseport |Enabled | D |

0.00 1 Far West a
a
200.000 MY 8.7 0
0.335 M
var EI
5 Morth Central ]
£ _South Central
D1 | 7 Coast r 200.0] vES
3 East a
200.0 Mw
0.3 Mwvar
200.0 MVA
Save x Cancel ? Help Print

W

© 2025 PowerWorld Corporation
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Change the Reference State

e Now Go to the Contingency Analysis Dialog again

 We have changed our system state now, but the contingency analysis tool
still has the old “Reference State” stored

 We want to re-run the contingency analysis with the new 200 MW transfer

included
 Choose Other > Set As Reference
* Click Yes on Dialog that appears

This action will set the case currently
- stored in memary as the starting case
) fonanalyzing contingencies. The old
refdrence case will be lost. Do you wish
to continue?

l Yes l [ Mo

S8: Generator Interconnection Study

Violatidgs

[ Show reldted contingencies ] [ Combined Tables > ]

| Catetary | Element Value
<

Status | Finished with 77 \-"i;lalhns and 0 Unzolveable Contingencies. Initial State Restared.

Load ] [ Auto Insert ]-bvﬂ Other =

Delete All Contingencies
W\ Clear All Contingency Results

»

Contingency Definition @
Action
1JOPEN Branch GR-IND 3 115.0 (1744)
£ >

[ Irefresh Displays After Each Contingency

[ Start Run H Close ” ? uelpl

-
Set As Reference |
RESIUNE RE I-l'_‘l L= (8

Combined Tables

Produce Report...

Compare Two Lists of Contingency Results...
Filter Results using Limit Monitoring Settings
Auto-fill blank contingency element comments
Sensitivity Calculations

3

3

© 2025 Powervwvoria Lorporauon
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Run the Contingencies
on the New Reference State

 Go back to the Contingencies Tab

— Click Start Run Button

 We now have contingency analysis result

for our reference case.

— Save these to compare to later
— Click the Save Button at the bottom of the

dialog

e Save as file
LamesaCTGTransfer.aux

* On Dialog that appears check
— Save Contingency Definitions

— Save Contingency Options
— Save Contingency Results

S8: Generator Interconnection Study
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Contingency Settings

There are numerous settings which affect the Contingency Analysis

formatting options on how to represent them in the AUX file

What to Store
Save Contingency Definitions

| Save Remedial Actions and Global Actions {none)

Save unlinked contingency actions (none)

)
and Model Result Overrides {none)

Save Contingency Options (also Area Makeup, Gen Line

Drop, Gen AGC, Gen Max MW, Bus Load Throw, Shunt)
|:| Suppress Gen and Bus Contingency Options

| Save Valtage Control Groups (none)

[ ] save General Power Flow Solution Options

| Save Custom Monitors {nong)

D Save Limit Manitoring Settings (Area, Zone, LimitSet, Bus,

Branch, and Interface)
| Save Limit Cost Functions if they exist (none)

[ ] save List Display Settings

[#|Save Contingency Results!

|:| Save Inactive Violations

[ T - . - - .

Save Model Filters, Model Conditions, Model Expressions,

19



Compare the Results

 Choose Other > Compare Two Lists of Contingency Results...

Compare Two Lists of Contingency Results - O -

—_— C h O O S e C O n t ro I I i n g Li St What should be used as the Contraling Contingency List?

MNote: the controlling list is normally the list after a change

(®) Use the list presently open on the Contingency Analysis Dialog

* L am esa CTG TranSfer. a UX | () Load the Cantroling Contingency List from a file
[ ] O R U Se t h e I i St p rese nt I y o pe n .o What should be used as the Comparizon Contingency List?

Mote: the comparison list is normally the list before a change

(") Use the list presently open on the Contingency Analysis Dialog

—C h oose Com pa rison List | ®)Load the Comparson Contngency Lst from  fe

G \SoottiTraining\Synthetic Cases{Texas|LamesaCTGEase. aux

* l[amesaCTGBase.aux 7 2 s X conce

* Click OK
— This will import the two lists and do the comparison ) =15

<P Would you like to set the dialog with default columns for comparing contingency lists?

A dialog prompts for default columns for comparing contingency lists
— Choose Yes
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Comparison of Results

By Contingency

Contingency Analysis
Contingencies | Options | Results

Bl T Bh AR %0 5% &b 98,

E - | AEE . HGE G [, SURT -
Records * Set~ Columns - o~ f. OB W - B

Options

= I

Skip|Category|Processed|Solved|Comp |Incude |Screen|Post-CTG \.-'iolatiorls Comp Mew

Comp MaxWor: W Vllin -~

Label
Solved|Remedial|Allow |ALX Violations|Violations|Branch %&|Branch %|Bran
Actions Viola
18 001083 AMESAQ-00 10545 TANTONAC 1 NO YES YES YES ¥ nane u a 2 163.8 63.8
2|L_0010550D0OMNMELLO-00 1089 AMESADC 1 NO YES YES YES O naone 1 a 1 162.3 62.3
F|L_0010550D0MNMELLO-00 100 30DO0MNMELL 10C1 MO YES YES  YES D none 1 1] 1 158.3 38.3
4|L_0010545TANTOMNO-00 1056l ENORAHOC 1 NO YES YES YES ¥ nane u a 2 143.6 43.6
5(T_0010790DESSA18-0010710DESSA10C1 NO YES YES YES O naone 2 a 2 143.6 3
6|L_0010040D0MNMELL 11-0031335NYDER 20C 1 NO YES YES YES ¥ nane 1] a 5 138.1 38.1
7|L_001028COAHOMAD-003109FLLUIVANNAIDCT NO YES YES YES ¥ none il a 1 107.4 7.4
8|T_00100400D0MNELL 11-0010030D0MMELL 10C1 NO YES YES YES O naone 1 a 1 104.9 s
9|T_007036CONROES1-007035CONROESOC NO YES YES YES ¥ nane il 1 a 115.2 111.5 3.7
10 |T_007300WHARTOM 12-007305WHARTOM11C1 NO YES YES YES E= O naone 1 1 a 113.9 112.0 2.0
11|T_0010230D0MMNELL 21-001022000MNELL20C 1 NO YES YES YES E= O naone 1 a 1 102.0 2.0
12|L_007161HOUSTONS2-007292HOUSTONSS0C2 NO YES YES YES ES ¥ nane il 1 a 113.1 111.5 1.6
13|L_007161HOUSTOMS2-007292H0USTONES0C4 NO YES YES YES E= O naone 1 1 a 113.1 111.5 L5
14|L_007161HOUSTOMNS52-007292HOUSTONSS0C3 NO YES YES YES ES ¥ nane il 1 a 113.1 111.5 1.6 W
< >
Violations | What Actually Occurred O
Show related contingendes Combined Tables =

Category Element Source List| Value |Comp Value |Diff Value| Limit [Comp Limit|Diff Limit|Perc WF [Comp Percent|Diff Pe

1|Branch MVA LAMESA O ( 1089) ->= ODOMMELL 0 { 1055) CKT 1 at LAMESA 0 Controling IIGD. 51 93.00 163.73 1

2 |Branch MVA ODOMMELL O ( 1055) -> O DONMELL 10 1003) CKT 1 at ODOMNMELL 0 Controling 152.45 95,00 155.57 1

£ >

Status | Finizhed with 108 wiclations, O custom manitor violations, 0 unzolveable, and 0 aborted contingencies. Initial state restored.

Load Auto Insert Save Other =

Start Run

Close

["|Refresh Displays After Each Contingency

? Help

S8: Generator Interconnection Study
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Comparison by Contingency:
Explanation of Columns

e Max Branch %

— Highest Branch % overload seen on any branch during this Contingency in
the Controlling List

e Comp Max Branch %
— Highest Branch % overload seen on any branch during this Contingency in
the Comparison List
 Worst Branch Violation

— Worst Branch Violation when comparing the Controlling List to the
Comparison List
e |f the overload is in both the Controlling and Comparison List
— Highest Difference it the % Branch violation

e If an overload is in only the Controlling List then
— % Branch - 100

S8: Generator Interconnection Study © 2025 PowerWorld Corporation 22



Comparison by Contingency:
Worst Branch Violation Example

e Goto Contingency: T_0010790DESSA18-0010710DESSA10C1

BN By el %0 5% 8 pecords~ set~ Columns - Bz~  go- U8- ¥ BH- WU f- B options -
Label Skip|Category|Processed |Solved|Comp |Indude  |Screen|Post-CTiG|Violations| Comp Mew Man Comp MaxWor: W |Mi ™
Solved|Remedial|Allow  [ALX Violations|Violations|Branch %:|Branch %&|Bran
Actions Viola
5[T_0010790DESSA18-0010710DESSA10C] MO YES YES  YES (ES 8] noneg 2 W] 2 143.6 | 43.6
6 |L_00100400D0MMELL 11-0031335MYDER. 20C1 MO YES YES  YES 'E 8] none 5 4] 5 138.1 33.1
7IL_001028COAHOMAD-003109FLUVANNA1OC] MO YES YES YES 'E 8] none 1 W] 1 107.4 7.4 b
£ >
Violations | Wwhat Actually Occurred =
Show related contingendes Combined Tables =
Category Element Source List| Value Comp Diff |Limit | Comp | Diff |Perc W |Comp Percent|Diff | »
Value | Value Limit | Limit
1|Branch MYA LAMESA O ( 1089) -» ODOMMELL 0 { 1055) CKT 1 at LAMESA O Controlling I 140.70 93.00 143.57
2|Branch MyA QDOMNMELL O ( 1055) -= Q DOMMELL 10§ 1003) CKT 1at ODOMMELL 0 Controling 133.83 93.00 136.56 w7
£ >

— LAMESA O — ODONNELL 0 went from no overload to 143.0%: treated as 43.0% for “Worst comparison
— ODONNELL O — O DONNELL 1 0 went from no overload to 136.0%: treated as 36.0% for “Worst” comparison
— Thus LAMESA O — ODONNELL O is considered the “Worst” with a value of 43.0%

* Similar comparisons are available for bus voltages

S8: Generator Interconnection Study © 2025 PowerWorld Corporation



Comparison of Results
By Element

Contingency Analysis

Contingencies | Options | Results

4 -View Results By Element
ines/Transformers

Momogram Interfaces
Custom Monitors

- Yiew Results by Contingency
- Contingency Violation List

- Violation CTG MNotes

- What Actually Occurred

- Contingency Violation Matrices
- Text File Repart Writing

- Summary

37 B Ak %8 5% ¢ 28,
Lines/Transformers (filtered)

Records ~ Geo ~ Set~-

Columns ~

AR ALRE - - SART
- W B W -

[

=

Options -

Load Auto Insert

Save

From Mumber From Mame To Number To Mame Circuit| Xfrmr [Violations|Mew Violations|Max %& Loading|Max % Ld Cont|Warst W ~
Cont, Comp Incres
Violati

1 7391 WILLIS 12 7390 WILLIS 11 1 YES 1 1] 115.21 111,48 3.72]

2 7069 EL CAMPO 1 7068 EL CAMPO O 1 YES 1 1] 113.94 111,96 1.98

3 7161 HOUSTOM 5 2 7292 HOUSTOM 69 0 1 YES 4 0 113.09 111.52 1.57

4 7201 CYPRESS 12 7200 CYPRESS 11 3 YES 2 1] 108.77 108.24 1.53

5 7201 CYPRESS 12 7200 CYPRESS 11 1 YES 2 1] 109.77 108.24 1.53

5] 7201 CYPRESS 12 7200 CYPRESS 11 2 YES 2 1] 108,77 108,24 1.53

7 7253 ANGLETOM 1 7252 ANGLETOM O 1 YES 11 1 117.74 116,75 143

3 7410 KATY 21 7408 KATY 20 3 YES 2 0 111,91 110.54 1.37

9 7410 KATY 21 7403 KATY 20 1 YES 2 1] 111.91 110.54 1.37

10 7410 KATY 21 7409 KATY 20 2 YES 2 1] 111.91 110.54 1.37
11 7039 SUGAR LAND 3 2 7038 SUGAR LAND 3 1 2 YES 1 1] 112,57 111,31 1.26 o
Contingencies O

Show Other Violations Combined Tables >
Label Category Source List Value Comp Value Diff Value Limit Percent W | CompF
1T _007036C0NROES1-00703 Branch MVA Both 145.54 141.81 4.73 127.20 115.21
< >
[“Irefresh Displays After Each Contingency
¥

Other > Start Run Close ? Help

}Stab.ls Finizhed with 147 wiolations, 0 cuztom monitor violations, 0 unzolveable, and 0 aborted contingencies. Initial state restored.

S8: Generator Interconnection Study
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Comparison by Element:
Explanation of Columns

e Max % Loading Cont.

— Maximum % overload seen on this branch during any contingency in the
Controlling List

e Max % Ld Cont Comp

— Maximum % overload seen on this branch during any contingency in the
Comparison List

e Worst Increase Violation

— Worst Increase Violation when comparing the Controlling List to the
Comparison List
e |f the overload is in both the Controlling and Comparison List
— Highest Difference it the % Branch violation

e If an overload is in only the Controlling List then
— % Branch - 100

S8: Generator Interconnection Study © 2025 PowerWorld Corporation
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Comparison by Element:
Worst Increase Violation Example

e GotoBranch: 7161 (HOUSTON 5 2) — 7292 (HOUSTON 69 0), CKT 1

Lines/Transformers (filtered)

From From Mame To To Name Circuit|Xfrmr | Violations(Mew Violations|Max % Loading|[Max %: Ld Cont|Worst W
MNumber Mumber Cont. Comp Increz
Violati
1 7391 WILLIS 12 7390 WILLIS 11 1 YES 1 0 115.21 111.48 3.72
2 7065 EL CAMPO 1 7068 EL CAMPO O 1 YES 1 0 113.94 111.96 1.98
3| 7161 HOUSTONS2 7292 HOUSTON 690 1 YES 0 113.09 111,52  1.57
4 7201 CYPRESS 12 7200 CYPRESS 11 3 YES 2 0 109.77 108.24 1.53
5 7201 CYPRESS 12 7200 CYPRESS 11 1 YES 2 0 109.77 108.24 1.53
Contingendes
Show Other Violations Combined Tables =
Label | Category |SDurce List| Value |C0mp 'I.I'aIuE|Dif'F 'u'alue| Limit |Per: ¥ |C|:|mp F‘ercent|DiF’FPercent
1|L_007161HOUSTONS2-007292H0USTOMNG30C 2 Branch MYA Both 250.05 245.57 3.48 221.10 113.09 111.52 1.57
2|L_00716 1HOUSTOMNS2-007292H0USTOME0CS Branch MVA Both 250,05 246,57 3.48 221.10 113.09 111,52 1.57
3|L_007161HOUSTONS2-007292H0USTOMNG30C4 Branch MYA Both 250.05 246.57 3.48 221,10 113.09 111.52 1.57
4(L_007159H0OUSTOMNS0-0071755PRING70C1 Branch MVA Both 228.96 226.59 2.36 221.10 103.55 102.48 1.07

e ForL _007161HOUSTON52-007292HOUSTONG90C2 (and other parallel outages), went from 111.5% to
113.1%: treated as 1.6% for “Worst” comparison

e ForL 007159HOUSTON50-007175SPRING70C1, went from 102.5% to 103.6%: treated as 1.1% for
“Worst” comparison

e Contingency L_007161HOUSTON52-007292HOUSTONG90C2 is considered “Worst” with a value of 1.6%
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PTDF Calculation and Visualization

* Next, examine how incremental power from the proposed unit
would flow through the system

e Shut off proposed unit by disabling transfer between area
Lamesa and area Coast

e Open PTDF tool (Tools =2 Sensitivities =» Power Transfer
Distribution Factors)

 Choose Injection Goup “Lamesa” as Seller, Injection Group
“Coast Load” as Buyer

S8: Generator Interconnection Study © 2025 PowerWorld Corporation
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PTDF Visualization

e Color contour
* 5%-35% range

* |[gnore zero values,
oelow min

¢ Lamesa

S8: Generator Interconnection Study

Sensitivity\%
-35.00 %

20.00 %

-5.00 %

Thisisa ic power system model that does NOT represent
the actualsmwgnldevglsopedas part of the LBARF’E—pEr

Grid Data research project and contains no CEll. To reference
the model development approach, use:

AB. Birchfield, T. Xu, KM. ner, KS. Shetye, and T.J.
Overbye, "Grid Structural acteristics as Validation

X Qiteria for Synthetic Networks," IEEE Transactions on

- 5 Power Sistems: vol. 32 nn. 4 nn. 39583765 .Tulv 2017

b Sl For more information. contact ahirchfield@amiiedi.
B\
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Available Transfer Capability

e Keep Seller and Buyer

selections the same as ~

PTDF

e Save 25 Limiters, 5 per
CTG, 5 per element

* Ignore Elements with
OTDF/PTDF below 3%

S8: Generator Interconnection Study

q ehmaontingencies

\

Available Transfer Capability

4 -O_pﬁuns Options

| Common Options

Common Options | Definitions | Advanced Options | Memo

Buyer

i Analysis Slack () area
4 -Result . =
: . Zone (@ Inje Zone
i Al Limiters s A 5 - A
. Branch Liniters _) Super Area s per Area

Interface Limiters

‘.. Nomogram Interface | Lamesa % | Buyer |Coastload

Seller

Find Seller. .. Reverse Buyer/Seller

r Calculation Method

Linearized Transfer Limiters to Save

(®) Lossless DC

() Lossless DC With Phase Shifters
« | Enable Phase Shifters Post-Contingency

Max Limiters per CTG

Max Limiters per Element

& Contingendes Max MW Limitation

Report Base
Report Generation Reserve Limi

Ignore Elements
with OTDFs below
Ignore Elements

Limit Monitoring Settings ... with FTDFs below

£ >

Save Settings

Buyer [Seller type combinations are limited because of the Iterated solution technigue

Slack

(®) Injection Group

Bus

Transfer Result Reporting Options

Load Settings ? Help

- - EE

Find Buyer...

25

© 2025 PowerWorld Corporation
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Available Transfer Capability

L Use (IL) then FU” CTG \ [® Available Transfer Capability _ - N
Solution method

j itions | Advanced Opti
\ Define Contingendes Commaon Options | Definitions vanced Options | Memo

P padvanced Options ATC Solution Method Transfer Calculation Options
IME : () single Linear Step (SL) Transfer Tolerance | 10.000000 | 5 MW
* Iterate on 1 Transfer =z
- — When iterating, -
e a e O a S e 4 -Resy (") Iterated Linear Step (IL) g 0.00 = Mw

Ignore Limiters below

~ Branch Limiters (IL) then Full CTG Solution Transfer Limiters to

[ ] L]
L I m I te r - Interface Limiters Iterate on .

- Nomogram Interface | Power Flow Solution Options

- Al Limiters

-

[ Linearize Makeup Power Calculation

Injection G Opt
Define Extra Monitors e

(] Analyze Multiple Scenarios Define Contingency Solution Options

[ use spedific solution options

Model reactive power for linear methods by... Force all transfer ramping to oceur in

(@) Ignaring reactive power [ ] pre-contingency states and repeat ful
B CTG solutions

(") Assuming constant voltage magnitude Iterate on failed contingency

'Z::Z' Assuming reactive power does not change

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

[] allow Generator M Limit Enforcement in Single Linear Step

£ >

Save Settings Load Settings ? Help j-'L Close
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Overloads to remediate
so proposed plant may be
operated at full capacity
without thermal security
violations

S8: Generator Interconnection Study

Result

ATC Results

ET) B Ak %0 % @k 88 Records~ Set+ Columns - B~ 8- 8- 5 BH- W - B oOptions -

RELD

All Limiters | Branch Limiters | Interface Limiters | Momogram Interface Limiters

Trans Lim Limiting Element Limiting CTG %% OTDF[Pre-Trans |Limit Used
Est
/?. 108.50]Line COAHOMA 0 (1028} TO FLUVANNA 1 031059} CKT 1 [115.00 - 1L_0010040D0ONNELL 11-0031355MYDER20C1 53.67 245.75 250.00
123.08 Transformer FLUVANMA 2 1 (3097) TO FLUVANMNA 20 (3096) CKT 1 |L_001004000NMNELL 11-003133SMYDER20C1 26.83 155.73 162.00
123,08 Transformer FLUVANNA 2 1 (3097) TO FLUVANNA 2 0 (3096) CKT 2 |L_0010040D0MNELL 11-0031335NYDER20C L 26.83 155,73 162.00
124,48 Line LAMESA 0 (1085) TO STANTOM O (1054) CKT 1 [115.00 - 115.0(L_0010040D0MNNELL 11-0031335MYDER 20C 1 45,33 86.53 S93.00
136.02 Line ODOMMELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(T_0010790DESSA18-0010710DESSA10C -61.45 -75.69 -33.00
138,85 Line ODOMMELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(L_001083LAMESAQ-00 10545 TANTOMNOC 1 -100.00 -58.87  -93.00
1358.05 Line LAMESA 0 (1083) TO STAMTOM 0 (1054) CKT 1 [115.00 - 115.0(L_0010550D0OMNMNELLO-001085LAMESAOC 1 100,00 58.67 S93.00
142,82 Line ODOMMELL 0 (1055) TO O DOMMELL 10 (1003) CKT 1 [115.00 - T_0010790DESSA18-0010710DESSA10C1 61,45 71.52 93.00
143,03 Line ODOMMELL 0 {1055) TO O DOMMELL 10 {1003) CKT 1 [115.00 - L_001083LAMESAQ-00 10545 TANTOMNOC 1 100,00 54.69 93,00
143.03 Line LAMESA 0 (1083) TO STAMNTOM 0 (1054) CKT 1 [115.00 - 115.0(L_0010550DCMMNELLO-0010030D0NMELL 10C 1 100,00 54.69 S93.00
151.72 Line FLUVANMA 10 (3109) TO FLUVANMA 2 1 (3097) CKT 1 [115.00 -L_001004000NMNELL 11-003133SMYDER 20C1 53.67 312.09 340.00
155,67 Line ODOMMELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(L_0010545TANTOMO-001056LENCRAHOC L -100.00 -42,05  -93.00
1558.84 Line ODOMMELL 0 {(1055) TO O DOMMELL 10 (1003) CKT 1 [115.00 - L_001054STANTOMNO-001056LENCRAHDC 1 100,00 37.87 S93.00
188.39 Line LAMESA 0 (1089) TO STANTOM 0 (1054) CKT 1 [115.00 - 115.0(L_001028COAHOMAD-003109FLUVANMNALDC 45,12 57.10 93.00
195,76 Line LAMESA 0 (1083) TO STAMTOM O (1054) CKT 1 [115.00 - 115,0(T_0010040DONMELL 11-0010030DCNMELL10CT 46,33 53.50 93,00
195.5% Line ODOMMELL 0 {(1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(T_0010230D0ONMELL21-0010220D0OMNELL20C1  -59.97 -38.11 -35.00
17| 200.00 InjectionGroup Lamesa Base Case 0.00 0.00 0.00
18| 204.61 Line ODOMMELL 0 {1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(L_001056LEMORAHD-00 1027MIDLAND20C 1 61,94 -33.04  -93.00
19| 206.56 Line ODONMELL 0 {1055) TO O DOMMELL 10 {1003) CKT 1 [115.00 - T_0010230D0ONMELL21-0010220D0OMNELL20C1 59,97 33.93 S93.00
20| 206.87 Line STANTOM 0 (1054) TO LEMORAH 0 (1058) CKT 1 [115.00 - 115, L_0010550D0MNNELLO-00 1085LAMESADC 1 100,00 41.85 149.00

© 2025 PowerWorld Corporation




ATC Automation

 The entire ATC process may be documented and automated in
auxiliary files

e Re-open ACTIVSg2000.pwb
— load aux2000ATCMaster.aux

— results stored in aux2090ATCResults.aux

e Examine individual aux files (aux20??*.aux) for details

S8: Generator Interconnection Study © 2025 PowerWorld Corporation
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Voltage Analysis

* Plot QV curves at point of interconnection

— Compare Q margin with/without new unit

e PV analysis
— Run on base case to identify contingencies that most limit the transfer
— Run with short list of selected contingencies

* Run QV curves on buses and contingencies that cause most
voltage problems

S8: Generator Interconnection Study © 2025 PowerWorld Corporation
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QV Curves at Interconnection Point

e Plot QV curves at bus 1089 (Lamesa 115 kV)

— First, without proposed generator; then with

— To quickly interconnect new generator
* |load aux2000MasterinterconnectSetup.aux
e Close transformer between buses 1 and 1089 and generator
e enable the transaction between area 10 and area 7
e Solve the power flow

— If reactive margin decreases with the new unit, then supplemental reactive support may
be required

* QV Settings
— Base case only: no contingencies
— Disable all switched shunts, SVCs, LTCs, and phase shifters
— Minimum pu voltage for constant power load =0
— May be loaded from LamesaQVOptions.aux

S8: Generator Interconnection Study © 2025 PowerWorld Corporation
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QV Curve without Proposed Unit

e Q margin =161 MVar

S8: Generator Interconnection Study

Q_sync (Mvar)

*BUS* 1089 (LAMESA0_115.0),”*CASE** BASECASE

U U U U U U U U U U U U U U U U U U U U U U U U U
0.12 0.16 0.2 0.24 0.28 0.32 0.36 04 0.44 048 0.52 056 0.6 0.64 0.68 0.72 0.76 0.8 0.84 0.88 092 096 1 1.04 1.08
Voltage (pu)

Build Date: January 25, 2018
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QV Curve with Proposed Unit

. Q m a rg i n = 7 7 |VI Va r’ *BUS* 1089 (LAMESA 0_115.0),**CASE** BASECASE
a decrease from the !
base case o

e Additional reactive \
supply might be
desirable

Q_sync (Mvar)

I I I I I I I I I I I I I
0.6 0.64 0.68 0.72 0.76 0.8 0.84 0.88 0.92 0.96 1 1.04 1.08
Voltage (pu)
Build Date: January 25, 2018
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PV Study

 Examine the ability to transfer power from the proposed
generator to loads in area 7

 Contingency screening process
— Run PV on base case only (Skip Contingencies)

— Repeat base case only, but stop when transfer gets to about 80% of the
level of the nose point

— Run contingency analysis on this state

— Run PV with only those contingencies that failed at 80% transfer (these
contingencies will likely fail earlier and become the most limiting)
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Base Case PV Study: Setup

e Source as Lamesa; sink
as Coast Load

e Stop after 1 critical
scenario

e Skip contingencies;
Run base case to
completion

e 200 MW Initial Step
Size, 10 MW minimum

S8: Generator Interconnection Study

PV CURVES - o IE8
4 Sn_ab.lp Setup
¢ - Common Options
- Injection Group Ramp) Ramping Method Transfer power between the following two injection groups:
-Interface Ramping Orf| ) njection Group Source/Sink Source Lamesa
- Advanced Options — View [ Define Injection Groups
» - Quantities to track () Interface MW Flow Sink Coast Load v
- Limit violations
PV output
- QU setup Commeon Options | Injection Group Ramping Cptions | Interface Ramping Options | Advanced Options
> - PV Results
»Plots Critical Scenarios
Stop after finding at least 1= critical scenarios
Base Case and Contingencies
Skip contingencies Manage contingency list ...
Run base case to completion |Base Case Solution Options ...
Vary the transfer as follows:
Initial Step Size (MW): 200,00 =
Minimimum Step Size (MW): 10.00 =
When convergence fails, 2.00/=
reduce step by a factor of : -
[ 5top when transfer exceeds 200.00| 2
< >
Save Auxiliary ... | |Load Auxiliary ... Launch QV curve tool ... ? Help jI'L Close
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Base Case PV Study: Setup

Do not Enforce unit
MW limits (to
identify nose point if
beyond 200 MW
capacity)

S8: Generator Interconnection Study

PV CURVES

4 ngp Setup:
¢ b Common Options
Injection Group Ramp! Ramping Method Transfer power between the following two injection groups:
Interface Ramping Of njection Group Source [Sink Source Lamesa
Advanced Options
- Quantities to track nterface MU Flow Sink. Coast Load v
- Limit violations
- PY output
o S;’IRSED"L Commen Options | Injection Group Ramping Options | Interface Ramping Options | Advanced Options
o esu
. . Plots Injection Group Options
Island-Based AGC Tolerance 5.0000 ==
[ Allow only AGC units to vary
[ Enforce unit My limits
oo rot allow negative loads
Ramping Method
Source  Sink
Proportional
Merit Order
Economic Merit Order
Merit Order Close
(Enabled injection group-specific scaling options
will override these options. Injection
group-specific options do not indude the AGC
Tolerance.)
£ >
Save Auxiiary ... | |Load Auxiliary ... Launch QV curve toal ... ? Help

- - Em

View [ Define Injection Groups

J_:'IL Close

© 2025 PowerWorld Corporation
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Base Case PV Study: Setup

e Scale load Mvar with MW

MES - = IE8
-Sn_ab_lp Setup
i Common Option
. Injection Group Ramp Transfer power between the following two injection groups:
Source Lamesa
----- View [ Define Injection Groups
Sink Coast Load W
- PY output
S\:‘: Rsemljts Common Options | Injection Grou ping Options | Interface Ramping Options | Advanced Options
5 e
. Plots \ How should reactive power load change Suging ramping? Reverse Transfer
I Maintain the MW MVAR ratio at each load, =
but then scale MVAR by a factor of 1.0000 |5 [Japply Reverse Transfer
~ Az MW changes, change the MVAR ata - 1000.00 >
1,0000
power factor of =
{If enabled, injection group specific scaling options wil
averride these options.)
Load Component Variation
®) All changes apply to constant power (5 MW, S MVAR)
Vary in propartion to existing Z,I,P ratios
Vary using proportions spedfied below;
1.00 2 1.00 2 100 2 100 2
noo -z noo -z noo - noo -
n.oo s n.oo s oo oo
< >
Save Auxiliary ... Load Auxiliary ... Launch QV curve tool ... ? Help j'L Close
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Run Base Case PV

 Nose occurs at 337.5 MW with no contingencies

 Click Other actions >> Restore Initial State

PV Results

Run

[ |Restore Initial State on Completion of RO

Baze caze could not be solved

Present nominal shift | 337.500

Present step size

Found 1 limiting case.

Owerview

=lal-%

Scenario

4.0

Critical?

Source

Sink |0

Legacy Plots | Track Limits
G ?&D

Critical Reason

Gen MW Load SMW  Load IMW L;al:l MW
337.50 0.00 0.00 0.00 )

View detailed results

00 13460.11 | |0.00 0.00 i Other actions >> |

Records = Set~ Columns = " HE' “&Ev Y BE'EI < E%ﬁ i~ B | Options -
Max Shift|Max Export|Max Import|# Viol|\Worst ¥ Viol|Worst V Bus|Max P Mism| Max P Mism [Max MW Mism

Bus #

Bus Name

Max Q Mism
Bus #

Max Q Mism
Bus Name

Max Mvar Mism

dSE Case|

S8: Generator Interconnection Study

YES

Reached Mose

337.50

337.50 -270.35 a

© 2025 PowerWorld Corporation

1 Lamesa Wind

1.7628

1

Lamesa Wind

10,2457
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Contingency Analysis at 275 MW

e Enable Lamesa-Coast transaction and set to 275 MW
e Set reference to current state
e Remove Advanced Limit Monitoring options for faster processing

* 5 Unsolved contingencies
— skip all but these and re-run PV analysis from zero
— Optionally save these Contingency Label and Skip fields to an aux file for later use

Contingencies | Options | Results
D = % '>||‘<' f.jE ;':_'3 ﬁ ?&D Records = Set~ Columns = ' H.E* "E_f;@' ¥ % - i‘éﬂ fix) - @ Options -
Label Skip|Category|Processed|Sol & |Indude |Screen|Post-CTiG|Islanded|Islanded |Global |Transient|Remedial[Custom  [Violations|Max M A

Remedial|Allow |ALX Load Gen |Actions|Actions [Actions |Monitor Branch %
Actionz Violations

1|L_001089LAMESAD-0010545TANTOMOC 1 NO YES NO 'ES NO none o] o] 0 Unsolved Unsolved

2|L_0010545TANTOMO-001056LENORAHDC 1 MO YES MO 'ES NO none 0 0 0 Unsolved Unsolved

3|L_001004000MNMELL 11-0031335MYDER 20C1 NO YES NO 'ES NO none a a 0 Unsolved Unsolved

4|L_0010550D0MNNELLO-001089LAMESADC 1 E W YES NO 'ES NO none o] a 0 Unsolved Unsolved

5|L_0010550D0NNELLO-001003000MMNELL 10C 1 MO YES MO 'ES NO none 0 0 0 Unsolved Unsolved

&|L_001010PRESIDIO10-001002PRESIDIOZ0C1 NO YES YES 'ES NO none a a o] a 3 126.1

7|L_001002PRESIDIOZ0-001007VANHORNOC 1 NO YES YES 'ES NO none o] a o] [i] 3 126.2
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PV Analysis with Contingencies

* |dentify several bus voltages to track

— Try various values of Lamesa-Coast transaction between 225 MW and 250
MW

— Solve 5 contingencies, reporting as violations decreases in low bus voltage
and changes in dV/dQ sensitivity

Contingendes | Options | Results
BT Bk % 5% #8 | T Records v set+ Columns - B~  E- U ¥ BH- B fg- B Options -
A |Category|Processed|Solved|Indude  |Screen|Post-CTG|Islanded|Islanded|Global |Transient|Remedial|Custom | Violations|Max Min Volt|Max volt|Max Max Bus |Memo| Max [MinN
Remedial|Allow ALY Load Gen Actions|Actions  |Actions |Monitor Branch % Interface|Pair Angle dv/dQ |dvdt
Actions Violations %
2|MO YES YES e a 0 a 0 2 173.3
3[NO YES YES e a 0 a 0 5 150.2
4[no YES YES e 0 0 0 0 5 187.1 0.072
5[NO YES YES e a 0 a 0 3 133.0 0.936 o
— - i -
Violations | what Actually Occurred O
Show related contingencies Combined Tables =
Category Element Value | Limit |Perc W |Area Name|Mom kv Assoc,
Assoc,
1|Branch MVA LAMESA 0 ( 1089) -= STANTON 0 { 1054) CKT 1 at LAMESA 0 183.35 93.00 187.09 Far West 115.00
Z_Branch MY A STANTOM O 1054) - | FNORAH 0 1056) CKT 1at IFNORAH O 172,49 149.00 115,77 Far West 115.00
3|Change Bus Low Volts ETANTON 0 (1054) | 0.9166 0,90000 92.42 Far West 115.00
4|Change Bus dv/dQ  LAMESA 0 (1089) 0.07226 Far West 115.00
5|Change Bus dv/dQ  STANTON 0 (1054) 0,02194 Far West 115.00
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PV Analysis with Contingencies

e Stop after 5 critical scenarios
* |nitial Step 25 MW, Minimum Step 5 MW

* Track bus voltage at Lamesa and other vunerable buses:
— 1022 O DONNELL 2 0O
— 1028 COAHOMA O
— 1054 STANTON O

* Track MW and Mvar Reserve at Lamesa Wind
e Settings may be loaded from LamesaPVOptions.aux
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PV Results

PV CURVES

- Setup
» - Quantities to frack
- Limit violations
- PY output
-V setup
4 -PY Results
.. Overview
i Legacy Plots
» - Track Limits
s Plots

Save Auxiliary ...

Load Auxiliary ...

PV Results

Run Stop [ | Restore Initial State on Completion of Run

Baze caze could not be zolved

Gen MW  Load SMW  Load IMW  Load ZMW
Source | 337.50 0.00 0.00 0.00

Present nominal shift | 337. 500

Present step size
Sink |0.00 15462,59 | 0,00 0.00

Found & limiting cases.

Owverview | |Legacy Plots | Track Limits

View detailed results

Other actions ==

m = % "1 *_'.;.'3 ;':'_3 ﬁ ?&D Records ~ Set~ Columns - " H.E' "&E' v %' EEEEL i) @ Options

Scenario Critical? | Critical Reason [Max Shift|Max Export|Max Import|# Viol[Waorst ¥ Viol[Worst V Bus
1|base case YES Reached Mose  337.50 337.50 -273.04 0
2(L_001055000MMELLO-0010030D0OMMELL 10C1 YES Reached Mose  225.00 225.11 -200.91 1]
3(L_001004000MMELL 11-0031335NYDER20C1  YES Reached Mose 262,50 262,81 -228.13 U]
4|L_0010545TANTOMND-001056LENORAHOCT  YES 262,50 62,66  -228.13 0
5(L_0010539L AMESAQ-0010545TANTOMNOC L YES Reached Mose 256,25 256,42 -223.88 U]
5 |L_001055000MMELLO-001089LAMESADC] YES Reached Mose  225.00 225,14 -200.91 0

£ >

Launch QV curve toal ... ? Help IL Close
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 Bus Voltage vs.
Generator Output

S8: Generator Interconnection Study

PUVolt

PV Plot

1.035 |
1.03

1.025

1.01 ]

1.005

0.995
0.99 |
0.985
0.98
0975
097
0.985
0.98
0.955
095
0.945
0.94
0.935
093
0.925

092

T T
50 100 150

g

T T
200 250 300

Gen MW: 1 (Lamesa Wind_ 34.5) #1

— base case: STANTON 0_115.0 (1054)
— L_0010040DONNELL11-003133SNYDER20C1: STANTON 0_115.0 (1054)
— L_001089LAMESAD-001054STANTONOC1: STANTON 0_115.0 (1054)

— L_0010550D0ONNELL0-0010030DCNNELL10C1: STANTON 0_115.0 (1054)
L_001054STANTONO-001056LENORAHOC1: STANTON 0_115.0 (1054)
— L_0010550DONNELLO-001089LAMESAOCT: STANTON 0_115.0 (1054)

© 2025 PowerWorld Corporation
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Summary

* Numerous thermal violations (ATC) caused by new
iInterconnection at 200 MW

e Voltage margins also decrease significantly at 200 MW

e Major transmission upgrades likely needed to support this
Interconnection

S8: Generator Interconnection Study © 2025 PowerWorld Corporation
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® Optional Integrated QV Analysis

e Click “Launch QV curve
to O I oo ” b u tto n tO r u n **BUS* 1089 (LAMESA0_115.0),**CASE** L_0010550DONNELL0-001089LAMESAOC1
the QV analysis at

Lamesa 115 kV bus
e QV curve for outage of

O Donnell — Lamesa -
115 kV line at 338 MW ;= \—/
(base case nose)

— Negative dV/dQ at 1.0
pu voltage!

— Cannot support this
transfer without
transmission upgrades

Q (Mvar)
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® Repeat QV at 200 MW

e Choose “Start Over”
from PV Analysis

* Set Generator to
regulate to 1.1 pu for
better voltage support

e Add 120 Mvar
Switched Shunt
capacity

— Regulate Generator
Mvar between 0 and
30 Mvar

— 12 steps at 10 Mvar
per step

S8: Generator Interconnection Study

1) Bus Shunt (Fixed)

Switched Shunt Information for Present

= I

- ) Status Energized
Bus Number |[EE] L= Find By Mumber O 0open NO (Offin)
Bus Name |LAMESA O v Find By Name (®) Closed & YES (Online)
ShuntID |1 = Status Branch
Labels ... | nolabels

Choose Branch

Parameters | Control Options | Faults | Owners, Area, Zone | Custom | Stability | GIC

ry

Mominal Mvar 120.0 |

Actual Mvar 145.2
Auto Contral? Control Regulation Settings
(@I YES L_JNO ) voltage High Value 30,0002
Control Mode -
e (®) Generator Mvar  Low Value 0,000
() Fixed -
(@) Discrete () Wind Myar Target Value | 15.000 5
() Caminuous ()cCustom Contral ~ Reg, Value  |43.7154

. Reg. Bus # 1035
(_)svC

Var Regulation Sharing 1.00
Control Options

Area Shunt Control Enabled
Case Shunt Control Enabled

Req. Bus PU Valtage to Mvar Sensitivity 0.000001

Mvar
Mvar
Mwar

Mvar

Voltage Control Group | Mot in a Group w | | Add Mew

Switched Shunts Mvar Blocks
MNumber of Sters 12
|1 Mvars per Step 10,0
<
Ok Cancel Save Save to Aux Help

Remaove

Print

© 2025 PowerWorld Corporation
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S8: Generator Interconnection Study

Q_sync (Mvar)

340
3205
300%
280;
260;
240%
220§
zooé
180;
1so§
140%
120%
1oo§
soé
eoé
20%
o]

*BUS* 1089 (LAMESA0_115.0),**CASE** BASECASE

Slight Improvement to QV Margins

-20]
-40]
-60;
80
-100-

-1202‘ :

056 O

T T T T T T T T T T T T T T T T T T T T T T
.6 064 068 0.72 0.76 0.8 0.84 0.88 0.92 0.96 1 104 108 112 116 12 124 128 132 136 14 144 148

Voltage (pu)
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PV Analysis with Modifications

* Transfer capacity is improved for base case and
all contingencies

PV CURVES - o IEB
» - Getup PV Results
4 - Quantities to track
- Buses Run Stop [ ]Restore Initial State on Completion of Run
- (aenerators
- Injection Groups Baze caze could not be solved
- Lines
. Transformers Present nominal shift | 450.000 Gen MW Load SMW  Load IMW  Load ZMW View detaied results
- Shunts _ Source |450.00 | |0.00 0.00 0.00
Present step size
- Interfaces Sink 0,00 18558.16 | 0,00 0.00 Other actions ==
- Caze Found & limiting cases.
- Devices At Limits Owerview | Legacy Plots | Track Limits
- Limit violations R
- PV output % A LR 0 B ?&n Records ~ Set = Columns = * H.E' "@E* A BE'EI' ﬁﬂ Crptions = b4
- Q¥ setup Scenario Critical? | Critical Reason|Max Shift|Max Export{Max Import| # Viol|\Worst W Viol|W
4 -PV Results
- Overview 1|base case YES  ReschedNose 450.00  450.00 -368.54 O
~Legacy Plots 2|L_0010550DONNELLO-0010030DONNELL10C1[YES_ |Reached Nose  431.25 43157  -355.46 0
PIS 't;'ra‘:k Limits 3|L_0010040D0MMELL 11-0031335NYDER20C1 YES  Reached Nose  386.25  386.57  -325.63 O
SRl 4(L_001054STANTOMO-0010 56LEMORAHOC 1 YES Reached Mose  418.75 418.93 -347.24 4]
5|L_001089LAMESAD-00 10 545 TAMNTONOC 1 YES Reached Mose 412,50 412,72 -342.86 o]
6|L_0010550DOMMELLO-001033LAMESADC 1 YES Reached Mose  430.00 430,32 -354.73 o]
< »
Save Auxiliary ... | |Load Auxiliary ... Launch Q¥ curve tool ... ? Help j-'L Close
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® PV Analysis with Modifications

e dV/dQ
appears f

1144

113
1.12

negative i

1.08 |
107
I e

near PV

1024
1014

margin! 2

0974
096
09
0.4

e Transmission =

089
083

upgrades still  “l

0 50 100 150 200 260 300 350 400 450

PU Vot

Gen MW: 1 (Lamesa Wind_ 34 5) #1
— base case: STANTON 0_115.0 (1054) — L_0010550D0NNELLO-0010030D0NNELL10C1: STANTON 0_115.0 (1054)

— L_0010040DONNELL11-003133SNYDER20C1: STANTON 0_115.0 (1064) L_001054STANT ONO-001056LENORAHOC1: STANTON 0_115.0 (1054)

n e e d e d L 001089LAMESAD-001054STANTONOCA: STANTON 0_116.0 (1064) L 0010550DONNELLO-001089LAMESADC1: STANTON 0_115.0 (1064)
Build Dater January 25 2018
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® dVv/dQ Sensitivities

o 400 M W t ra n Sfe r Line Flow/Interface/Bus Sensitivities - o n

Single Meter, Multiple Transfers | Single Transfer, Multiple Meters | Self Sensitivity | Mult) * |+

The Bus Sensitivities results assume an injection of power at the bus in Slack Buses (sho|

Y the respective row of the results with the power absorbed at the slack GLEMROSE 12
bus. The results give the sensitivity of voltage at the respective bus

due to the power injection.

D O N N E L L 1 O Mote: Sensitivities are only calculated for
) Calculate Sensitivities the buses shown in the list below. Filter

the list to narrow the number calculated.

1 1 5 kV O u t Of Bus Sensitivities (Filter:dv/dQ chedk)

D & %“’H* ‘_'.;'.3 4:':'_3 ﬂ?&n T Records~ Geo~ Set~ | ¥ %v W

S e rv i C e [Jonly show the primary bus for each superbus

Numl:ler| Mame |T Area I‘|.ﬁ.rea Name| dv/dP | dvfdQ 1‘ [y
o 1| 1089 LAMESA O 1 Far West  0.00230908 -0.00230460
o N e a t I Ve d V / d Q 2| 1054 STANTOM O 1 Far West  0.00003396 -0.00014102
g 3| 7419 LA PORTED | 7 Coast 0.00000000 0.00000000
4| 7132 LAPORTE 2 7 Coast 0.00000425 0.00003409
t L d 5| 7188 HOUSTOM 4 2 7 Coast 0.00000472 0.00004146
a a m e S a a n 6| 7255 HOUSTOM 330 7 Coast 0.00000564 0.00004256
7| 7127 SUGARLAND 2 2 7 Coast 0.00000393 0.00004646
8| 7399 HOUSTOM 450 7 Coast 0.00000742 0.00004888
Sta n to n 9| 7087 SUGAR.LAND 10 7 Coast 0.00000662 0.00005054
10| 7055 HOUSTOM 330 7 Coast 0.00000787 0.00005473
11| 7335 STAFFORD 0 7 Coast 0.00000887 0.00005559 .,
fL Close
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