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Generator Interconnection Study

* 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

— PTDF: 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

In “Simulator Options...”
check box Prevent
Controller Oscillations

This is a synthetic power yshemnndelﬂwtdoe NOT represent
the a ctualg dltw devel Ioped s part of the US ARPAE

Grid Data h project and ins no CEIl. To

the model development approach, use:

AB. Birchfield, T. Xu, KM. Gegner, K. Shetye and T.J.
Overbye, Gndsmlcturalcmracle stics as Val Idahon
Criteria for " IEEE

Power Svsterrs vol. 32, no. 4, pp. 3258-3265, Jul Iv2017

For more information, contact abirchfield@tamu.edu.

TN
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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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* Create injection groups to serve as sources and

Injection Groups

sinks for upcoming ATC and PV Analysis

Explore

» Recent
» Metwork
F] Aggregations

@ Areas
Ealancing Authorities
Bus Pairs
Data Maintainers
Injection Groups
Interfaces
Islands
Multi-Section Lines
MW Transactions
MNomograms
Owners
Substations
Super Areas

EEE FEF FF P ] FEH B ™ PP B

Open Mew Explorer

o

Model Explorer: Injection Groups

- - N

X Injection Groups | ¥ Areas | ¥ Buses | X MW Transactions
= '>| *_'.53 ;U_E M ?&D Records = Set~ Columns = ' HE.' Hg;@* A4 BE'E hd E%E i) ~ ﬁ W
Filter | Advanced| % | Injection Group W % | Find... Remove Quick Filter =
Injection Groups | Participation Points
MName Mumber of |% MW Gen| Mumber of |%: MW Load|%: Mvar Load|Mumber of| % Mvar Shunt| Total MW |Total Muar
Gens ParFac Loads ParFac ParFac Shunts ParFac Injection |Injection
1|Coast Load o] 0.00 242 100,00 100,00 0 0.00 -18393.86 -5211.59
Zsamesa I 1 100,00 o] 0.00 0.00 0 0.00 200,00 0.33
Participation Points (Alll | Generators | Loads | Switched Shunts | Injection Groups | Buses b4
Point Type Mumber Mame | 1D | AutoCalc? Initial Value ParFac
1)=EM 1 Lamesa Wind 1 MO SPECIFIED 10.00

Search Search Now 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”

O

Use Area/Zone Filters and include only

Area /

Select All

Base on
size
Click
Add -> —

[®) Add Participation Points - o IES
Points for Injection Group DEFAULTIG1
Gens | Loads |Shunts | Groups | Buses (®) Sort by Name () Sort by Number
242 entries Participation Factors LOAD ALVIN 2 ( 7424) £1 141 4521 A
Sortby () Mame  (®) Number A LOAD ANGLETON 1 { 7253) # 51.9483
Filt3 | Advanced v |Load v =+ LoAD  BACLIFF O ( 702&) §1 2&.3112
%] [ Uss Arez/Zons Fiters -3 || ok ) ~|LoRD  BACLIFF O ( 7026) #2 17.5651
e L <-Remove |Loan BAY CITY 1 ( 7262) & 72.8360
Search Mext LORD  BAYTOWM 3 1 ( 7283) 110.68965
i aracters *or ? i LOAD BAYTOHN 4 0 ([ 7352) 0.9485
or Model Expression LOAD BAYTOWN 4 0 ( 7392)  51.6669
LOAD BEASLEY O ( 7230) $1  7.4538
7001 (INEZ 0) #1 [115.0 kV] LOAD BELLVILLE 0 { 7314) 253.0780
7004 (PASADENA 2 2) #1 [115.0 k] Choose a Field Find... LOAD BLESSING 0 ( 7303) §  6.561%
7010 (PRAIRIE VIEW 0) #1 T.5.0 kV] LOAD  BLOOMINGTON O { 7145  z2.1782
7011 (CONROE 10) #1 [115.0 kv] [Recalculate factors dynamically LOAD BLOOMINGTON O { 7149  2_2722
7012 (SIMONT: 0) #1 [115.0 kv] LOAD  BLOOMINGTON O { 7149  7.336l
7013 (HCUSTOM 80 0) #1 [115.0 kv] LOAD BRAZORIZ 0O ([ 7426) § 42_2685
714 (HOUSTON 10) #1 [115.0 kv] LOAD BROOKSHIRE 0 ( 7271) 2B8.7685
T016 (HOUSTOM 9 0) #1 [115.0 kv] LOLZD CHARNNELVIEW 2 0 ( 72 126.0349
3017 (HOUSTOM 73 0) #1 [115.0 kv] : : LOARD COMRCE 1 0 ( 7011) £ 3€.1350
FL20 (MURSERY 2) #1 [115.0 kV] Bl ftea Zonc i LOAD CONROE 2 O ([ 7300) £ 54_96845
i cet Selected Field. .. LORD COMROE 3 0 ( 7254) £ 50.6330
LOAD CONROE 4 0 ( 7154) § 592802 ¥
W OK ? Help
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MW Control and AGC Settings

* Set Super Area “Texas” Off AGC

 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)

* Perform manually or load aux2040MW<Control.aux
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®,

Contingency
Analysis. ..

Setup Contingency Analysis

* Go to Tools Ribbon Tab and choose Contingency Analysis

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

* Click the Auto Insert button at the bottom of this dialog

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

() Single transformer

(®) Single: transmission line or transformer
() 3-Winding transformer

() single generatingunit

&rsingle bus

() Single shunt

() 5ingle line shunt

() single substation

(") Bus grouping

(") Combination of .

Maring Opkefis

IdEntify transformers using prefix T.

Identify lines using prefix L

Identify buses by

() Numbers

() Names

(®) Boi

L abels (Use Numbers if no label)

[]indude Nominal Voltages

Auto Insertion of Contingency Records -

Action Type to Create
® Open
Open Breakers
Options
Delete Existing Contingency records
Use Area/Zone Filters

Filter using nominal yakEge range

Edit Area/Zone Filters

Branch End to Use
(®) Lower Voltage
() Higher Voltage

[ &l yaleges Max | 9939.00 [ kv

Misy,| 100,002 kv

-

[l only inghs@e branches meeting Define Branch Filter

Freatment 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 S  Number of nodes

| Do Insert Contingency records

| Sawve Settings Sawve To Aux

© 2018 PowerWorld Corporation
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Limit the Areas for which contingency

* Modify the Area/Zone Filters so that all areas

area defined

are set to Shown = NO

* Then set the following 3 areas to YES

— 1 (Far West)
— 7 (Coast)
— 10 (Lamesa)

* Click Close

S8: Generator Interconnection Study

Area/Zone/Owner/DataMaintainer Filters

Areas | Fones | Owners | Data Maintainers

- - KN

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

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

Set al Area Num| Area Mame |Shown| #of Buses|l‘~"lin Bus Num|l‘~"lax Bus Num|
I .

¥es 1 1 Far West EES | a1 1001 1091
2 2 MNorth MO 133 2001 2133

Sﬁ;" 3 3 West MO 147 3001 4001
= 4 5olts MO 196 4002 6348

3 5 Morth Centrall 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

W

n

© 2018 PowerWorld Corporation
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Insert the Contingencies

* Click Do Insert
Contingencies

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

— Choose Yes

S8: Generator Interconnection Study

Auto Insertion of Contingency Records

Automatically generate involving a ...

() Single transmission line

Single transformer

Single transmission line or transformer
3-Winding transformer

| ) Single generating unit
Single bus

Single shunt

Sngle line shunt

Sirgle substation

Busgrouping
(_) Combipation of ...
MNaming Opions
Identify trépsformers using prefix T.

Identify lines\using prefix L

abels (Use Muribers if no label)

[indude Nominal ¥ltages

| Do Insert Contingency records

Action Type to Create
® Open
Open Breakers

Options
Delete Existing Contingency records
Use Area Zone Filters

Filter using nominal voltage range

Edit Area,Zone Filters

Branch End to Use

-

=l

Min | 100,00 = kv

[ Al violtages Max | 9999.00

[ only indude branches meeting Define Branch Filter

Treatment of Transformers that are Part of 3-Windings

) Inzert winding outages separately
Insert 3-Winding transformer outages

Ignore (Do not insert these outages)

[l only indude elements within 0.00 2 Number of nodes

Save Settings Save To Aux Cancel Help

© 2018 PowerWorld Corporation
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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

* Also open Limit Monitoring

Settings

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

Areas

S8: Generator Interconnection Study

Make-Up Power
When a contingency invalving aenerationload MW chanages or
outages does not spedfy how to compensate for the lost power
import the reguired power from these sources:
Determine Make Up Using
(") Area Partidpation Factors spedfied below
'ZEZ' Generator Participation Factors From Entire Case Directy
'3:::1' Same as Power Flow case

Y

Make-up Power Tolerance 5.0000 =

[ ]Prevent new island without enough controllable generation

sl #0000 A3 Ad

Peceede = e -

Limit Monitoring Settings and Limit Violatiyps

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.

The Areas and Zones tabs are provided here
for your convenience.

Save Monitoring Settings

Load Monitoring Settings

E!ements to Show

(@) All Elements

(I Monitored Elements
() violating Elements
Murber Of Violations
Low Voltage Buses
High Voltage Buses
Low-voltage Suspects
Lines Tranzformers

Interfaces

Bus Pairs

- - EN
Limit Group Values

Limit Group Default W
[] Group Disabled [ Do Mot Manitor

Lines & Transformers | Interfaces | Buses | Bus Pairs

-

Percentage 100.0=
Mormal Rating Set | A ]
Contingency Rating Set  |A L

|:| Treat Line Limits as Equivalent Amps

Do not monitor radial lines and buses {applied to all limit groups)
(This option is not applied if using topology processing)

o O oo o O

© 2018 PowerWorld Corporation 12



Advanced Limit Monitoring

i A | Wa ys re p O rt a S Advanced Limit Manitaring

Reporting based on the CHANGE relative to base case

ViOIationS decrease in [ ] Mever report violations if the ...
low bus voltage >= 0.05

* Report changes in bus
dV/dQ Sensitivity at [+] Always report as a violation if the ...
IeaSt 5X greater than Increase in high bus voltage == | 2.0000|= pu
refe rence State’ Increase in interface flows == | 999,00 = %

Report changes in bus dv/dQ sensitivity

adva nCEd filter On buses Change in dV/dQ sensitivity multiple 5.00)=
With >= 5 MW |Oad in Monitor by Bus Filter |dV/dQ chedk W

Define Filter

a re a S 1 , 7’ 1 O [ ]Report as a violation if a bus becomes disconnected

Increase in lineftransformer flows >=| 999,00 |- %

Decrease in low bus voltage == | 0.0500|= pu

S8: Generator Interconnection Study © 2018 PowerWorld Corporation 13



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

© 2018 PowerWorld Corporation

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

W | 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)

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

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

| Save Limit Cost Functions if they exist {(none)

[ ]save List Display Settings

[¥]5ave Contingency Results:

D Save Inactive Violations

J -
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Build a Comparison Case

e Study the hypothetical new 200 MW generator

at Lamesa
* Open Bus View Oneline and navigate to Bus 1

Bus View for Lamesa Wind_1 - o n
ons * Views ~ History =

0.000 MUY
2713 Mvar
;ID1
e
0.0 Mvar
0.0 VA

&~ Bus [Lamesa Wind [34.5 k¥] { 1) Find...
Lamesa Wind
Bus: Lamesa Wind (1

=

= =
= =
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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

Model
Explorer...

— Choose Aggregations\Areas

— Choose Area 10 ,.

(Lamesa)

— Click the Show
Dialog button

S8: Generator Interconnection Study

Model Explorer: Areas - o I IE8
X _Areas | X Buses| X MW Transactions | X Inj Groups | 2 Generators | 2|/ * [ *
A OPT. EIT] =
Fields D g Al fa % 34 ?&D Records ~ Geo~ Setv | § v
g Recent ~ Filter |Advanced|J# | Area v v
Metwork
d Aggregations Gen Max MW Area Mum Area Name AGC Status Gen MW Load
E Areas
ﬁ Baldhcing Authorities 1 5550.98 1 Far West Part. AGC 3008.07 1
g}l fius Pairs Z 5935.41 2 Morth Part, AGC 3016.69 1
ﬁ‘ Data Maintainers 3 5151.03 3 West Part, AGC 4040.80 u
. BP Injection Graups 4 8748.10 4 South Part, AGC 7094.02 6
T . BP Interfaces 5 17/30.62 5 North Central  Off AGC 12572.08 22
I'.' :_ @ lslands & 1§344.07 & South Central Fart. AGC 11830.68 12
b HH Multi-Section Lines 7 5553.26 7 Coast IG Slack 23699.34 13
@ MW Transactions a2 1415 a4 S FEact Dark ACC Lot S | 3
. BH Momograms ‘[l 200.00 10 Lamesa Eart. AGC | w 200.00
H owners
FH ciimetatinme 7 < >
Open Mew Explorer Search Search Mow W

© 2018 PowerWorld Corporation
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200 MW Transfer to Coast

e Setup a 200 MW Export from

O

Lamesa to Area /

( < O a St) Lamesa Area Information for Present N n
Area MW Control Options
MNumber |10 W Find By Number o Area Control
C ° articipation Factor Control
N Lamesa Find By M
® I I C k O K ame LS conomic Dispatch Control
er Area Find ... rea Slack Bus
njection Group Area Slack
o ° nolabds (_) Optimal Power Flow Control
® C I I C k S I n g I e Info [ Intercha Options | Area MW Control Options | OPF | Tie Lines | Buses | Gens | Loads | Custom | Stability
Area Summary Total Interchange
A
[} MW Myar Unspecified MW 0.0 AGC Tolerance 1.00
Load
SO u t I o n Transaction MW 0.0 Area Control Error (ACE)| 0.0
Generation 0.0
[Jonly show Areas with Monzero Interchange Area Has Multiple Islands
Eived Biie Sk imte nn
~ c c — OPT, €0 .00 - .| 8
Bus View for Lamesa Wind_1 BT Bl %l %% 4 8| Records - Set- | F 2
- ra . ) ) umber | Mame MW Export ‘ Enabled | D |
<::l - Bus |Lamesa Wind [34.5 kV] [ 1][& Find... Options = Wiews ~ History ~
Lamesa Wind o0 T ;
a
200.000 MW 8.7 0
Bus: Lamesa Wind {1} 0.225 Mwar
Hom kV: 34.50 a
Area: Lamesa [10] 5 Morth Central 0
Zone: Bay City (1) A _South Central
01 | 7 Coast r 200.0] vES
0.9899 pu 200.0 1MW 8 East a
3415 KV )
0.3 Mwvar
1136 Deg 200.0 MVA
Mot Valid S/MUTh : X cancel P Help Print

S8: Generator Interconnection Study
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Change the Reference State

* 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

e Choose Other > Set As Reference

* Click Yes
on Dialog
that appears

P This action will set the case currently
H_-{J stared in meinary as the starting case
for analyzing contingencies. The old
reference ciise will be lost. Do you wish
to continue]

L e J[ w |

Violations Contingency Definition @
[ Show related contifgencies ] [ Combined Tables > ] Action
| cotecory | Element Value 1 JOPEN Branch GRIND 3_115.0 (17)
< > < b4
Statug |Finizshed with 77 Yiolations 3od 0 Unsolveable Contingencies. Initial State Restored. [Irefresh Displays After Each Contingency
[ Load l [ Auto Insert ] Save Other = [ Start Run ] [ Close ] [ ? Help l
—

S8: Generator Interconnection Study

Delete All Contingencies |
Clear All Contingency Results

Set As Reference |

RESIOre RETErENce

Combined Tables >
Produce Repaort...

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

Sensitivity Calculations 3

v ZU1ls roOwervvoria corporation 18



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

* Save as file
LamesaCTGTransfer.aux
* On Dialog that appears check
— Save Contingency Definitions
— Save Contingency Options
— Save Contingency Results

S8: Generator Interconnection Study © 2018 PowerWorld Corporation

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

W | Save Remedial Actions and Global Actions (none)

Save unlinked contingency actions {none)

of
and Model Result Overrides (none)

Save Contingency Options (also Area Makeup, Gen Line

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

| Save Voltage Control Groups {none)

[]save General Power Flow Solution Options

| Save Custom Monitors (none)

Save Model Filters, Model Conditions, Model Expressions,
e)

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

Branch, and Interface)

| Save Limit Cost Functions if they exist {(none)
[ ]save List Display Settings
[¥]5ave Contingency Results:

D Save Inactive Violations

J - - - S —
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Compare the Results

* Choose Other > Compare Two Lists of
Contingency Results... R ——

What should be used as the Controlling Contingency List?
M M MNote: the controlling list is normally the list after a change
- C h O O S e C O n t ro | | I n g L I St (@) Use the list presently open on the Contingency Analysis Dialog
1¥ (" Load the Controlling Contingency List from a file
 LlamesaCTGTransfer.aux
° ’ ; ; iot?
* OR Use the list presently open... | o oo s

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

— Choose Comparison List p e s
* LamesaCTGBase.aux

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

* Adialog prompts for default columns for
comparing contingency lists

— Choose Yes | h !

\/ OK ? Help x Cancel

D] Would you like to set the dialog with default columns for comparing contingency lists?

S8: Generator Interconnection Study © 2018 PowerWorld Corporation 20



Comparison of Results
By Contingency

Contingency Analysis - o IESR
Contingendes | Options | Results
D T B Ak %3 28| g ?&n Records ~ Set~ Columns = [Bg- | ‘o~ M. % B sa%%; iy - B | Options ~
Label Skip|Category|Processed|Solved|Comp |Incude  |Screen|Post-CTG \.-'iolatiorls Comp Mew Max Comp MaxWor: W Vllin ~
Solved|Remedial|Allow |ALX Violations|Violations|Branch %|Branch %|Bran
Actions Viola
18 001083 AMESAQ-0010545TANTONAC 1 NO YES YES YES ES ¥ nane o a 2 163.8 63.8
2|L_0010550D0MNMELLO-00 1089 LAMESADC 1 NO YES YES YES E= O naone il a 1 162.3 62.3
3|L_001055000ONMELLO-0010030D0ONMELL 10C 1 NO YES YES YES ES 0 nane il a 1 158.3 58.3
4|L_0010545TANTOMNO-00 1056l ENORAHOC 1 NO YES YES YES ES ¥ nane o a 2 143.6 43.6
5(T_0010790DESSA18-0010710DESSA10C1 NO YES YES YES E= O naone A a 2 143.6 3
6|L_0010040D0NMELL 11-0031335NYDER 20C 1 NO YES YES YES ES ¥ nane i a 5 133.1 38.1
7|L_001028COAHOMAD-003109FLUVANNA10C T NO YES YES YES ES ¥ none il a 1 107.4 7.4
8|T_0010040D0MNELL 11-0010030D0MMELL 10C1 NO YES YES YES E= O naone il a 1 104.9 s
9|T_007036CONROES1-007035CONROESOC NO YES YES YES ES ¥ nane il 1 a 115.2 111.5 3.7
10| T_007300WHARTOM 12-007305WHARTOM11C1 NO YES YES YES E= O naone il 1 a 113.9 112.0 2.0
11|T_0010230D0MMNELL 21-001022000MNELL20C 1 NO YES YES YES E= O naone il 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 il 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 =
Show related contingencies Combined Tables = Desc rl b e d on t h e
Category Element Source List| Value |Comp Value|Diff Value| Limit |Comp Limit|{Diff Limit|Pere W [Comp P n e t Sl o d e
1|Branch MVA LAMESA O ( 1089) ->= ODOMMELL 0 { 1055) CKT 1 at LAMESA 0 Controlling IIGD. 51 93.00 163.73
2|Branch MVA ODOMMELL O { 1055) -> O DONMELL 10 { 1003) CKT 1 at ODONMELL 0 Controling 152,45 93,00 155.57 1
£ >
Status |Finished with 108 violations, O custom manitor violations, 0 unsolveable, and 0 aborted contingencies. [nitial state restored. ["|Refresh Displays After Each Contingency
Load Auto Insert Save Other = Start Run Close ? 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
 If the overload is in both the Controlling and Comparison List
— Highest Difference it the % Branch violation

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

S8: Generator Interconnection Study © 2018 PowerWorld Corporation 22



Comparison by Contingency:
Worst Branch Violation Example

* Goto Contingency: T_0010790DESSA18-0010710DESSA10C1

D ia % "H"r ‘_'.;'.3 ;0_3 ﬂ f&n Records = Set - Columns - " HE" "&E' T %* E%E fix) - @ Options -
Label Skip|Category|Processed|Solved |Comp |Indude  |Screen|Post-CTG|Violations|Comp Mew Max Comp MaxWar: 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 0 2 143.6 I 43.6
& |L_0010040D0MNMELL 11-0031335NYDER 20C1 NO YES YES  YES 'ES ' [8] noneg 5 4] 5 133.1 3.1
7|L_001028COAHOMAD-003109FLUVANMAIOC] NO YES YES  YES 'ES 8] none 1 4] 1 107.4 7.4 b
£ >
Viclations | Wwhat Actually Occurred O
Show related contingendes Combined Tables =
Cateqgory Element Source List| Value | Comp Ciff |Limit | Comp | Diff [Perc W |Comp Percent|Diff | ~
Value | Value Limit | Limit
1|Branch MVA LAMESA O ( 1089) -= ODOMMELL 0  1055) CKT 1 at LAMESA O Controling | 140.70 93.00 143.57
2|Branch MyA QDOMMELL O ( 1055) -> QO DOMMELL 10 ¢ 1003) CKT 1at ODOMMELL 0 Contraoling 133.33 93.00 136.56 <
£ >

— LAMESA O — ODONNELL 0 went from no overload to 143.0%: treated as 43.0%
for “Worst comparison

— ODONNELLO - O DONNELL 1 0 went from no overload to 136.0%: treated as
36.0% for “Worst” comparison

— Thus LAMESA 0 — ODONNELL 0 is considered the “Worst” with a value of 43.0%
* Similar comparisons are available for bus voltages
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Comparison of Results
By Element

Contingency Analysis

Contingencies | Options | Results

4 -\fiew Results By Element

: ines/Transformers
-Buses

-Interfaces

-Bus Pairs

- Momogram Interfaces

- Custom Monitors

- Vigw Results by Contingency
- Contingency Violation List

- Violation CTG Motes

- What Actually Occurred

- Contingency Violation Matrices
- Text File Report Writing

- SUMMMEry

m = % ‘>||‘f' fﬁg ;0_8 M ?&D Records = Geo ~ Set~ Columns ~ " “.E* "gg" A %l' i‘éﬂ T~ @ Options *
Lines/Transformers (filtered)
From MNumber From Mame To Number To Name Circuit|Xfrmr [Violations |Mew Violations|Max %% Loading|Max % Ld Cont|\Worst Y L
Cont. Comp Increz
Violati
1 7391 WILLIS 12 73590 WILLIS 11 1 YES 1 a 115.21 111.48 3.72]
2 7069 EL CAMPO 1 7068 EL CAMPO O 1 YES 1 a 113.94 111,96 1,98
3 7161 HOUSTOMN 52 7292 HOUSTON 69 0 1 YES 4 a 113.09 11152 1.57
4 7201 CYPRESS 12 7200 CYPRESS 11 3 YES 2 a 109.77 108.24 1.53
5 7201 CYPRESS 12 7200 CYPRESS 11 1 YES 2 o] 109.77 108.24 153
] 7201 CYPRESS 12 7200 CYPRESS 11 2 YES 2 a 108,77 108.24 153
7 7253 ANGLETOM 1 7252 ANGLETOM O 1 YES 11 1 117.74 116,76 143
8 7410 KATY 21 7409 KATY 20 3 YES 2 a 111,91 110,54 1.37
El 7410 KATY 21 7408 KATY 20 1 YES 2 a 111,91 110.54 1.37
10 7410 KATY 21 7403 KATY 20 2 YES 2 u] 111.91 110.54 1.37
11 7039 SUGAR LAND 3 2 7038 SUGAR LAND 3 1 2 YES 1 a 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 _007036CONROES1-00703 Branch MVA Both 145.54 141.581 4.73 127.20 115.21
< >

Load Auto Insert Save

Status |Finizhed with 147 violationz, 0 custom monitor violations, 0 unzolveable, and 0 aborted contingencies. [nitial state restored.

[Irefresh Displays After Each Contingency

Cther =

Start Run Close ? Help

S8: Generator Interconnection Study

© 2018 PowerWorld Corporation

Described
on the next
slide
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Comparison by Element:
Explanation of Columns

* 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

* Worst Increase Violation

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

 If an overload is in only the Controlling List then
— % Branch - 100
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Comparison by Element:
Worst Increase Violation Example

* GotoBranch: 7161 (HOUSTON 5 2) — 7292 (HOUSTON 69 0), CKT 1
Lines Transformers (filtered)
From From Mame To To Mame Circuit|¥frmr|Violations|Mew Violations|Max %6 Loading|Max % Ld Cont|{Worst W ‘
Mumber MNumber Cont. Comp Increz
Violati
1 7391 WILLIS 12 73590 WILLIS 11 1 YES 1 v] 115.21 111.48 372
2 7059 EL CAMPO 1 7068 EL CAMPO 0 1 YES 1 v} 113.94 111.95 1.98
3| 7161 HOUSTONS52 7292 HOUSTONG9O 1  YES 0 113.09 11152 157
4 7201 CYPRESS 12 7200 CYPRESS 11 3 YES 2 v} 1058.77 103.24 1.53
5 7201 CYPRESS 12 7200 CYPRESS5 11 1 YES 2 v] 109.77 103.24 1.53
Contingencies
Show Other Viclations Combined Tables =
Label ‘ Category |S|:|ur|:e List‘ Value ‘Comp Ualue‘Diﬂ“ 'I.n'alue| Limit |Pert ¥ |Com|:| Percent‘DiFFPercent
1|L_007161HOUSTONS2-007292HOUSTONG30C 2 Branch MYA Both 250.05 246.57 3.48 221.10 113.09 111.52 1.57]
2|L_007161HOUSTOMS52-007 292H0USTONGI0C 3 Branch MYA Both 250.05 246.57 348 221,10 1135.09 111.52 1.57
3|L_00716 1HOUSTONS2-007292HOUSTONGS0C4 Branch MYA Both 250.05 246.57 3.48 221.10 113.09 111.52 1.57
4|L_007158HOUSTONS0-0071755PRINGTOCT Branch MVA Both 223.96 226,55 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
[ ]

Contingency L_007161HOUSTON52-007292HOUSTONG690C2 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

* 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 © 2018 PowerWorld Corporation 27



PTDF Visualization

 Color contour

* 5%-35% range .

20.00 %
* Ignore zero ]

—5.00 %

values, below et

min

e Lamesa

S8: Generator Interconnection Study © 2018 PowerWorld Corporation

This is a synthetic power system model that does NOT represent
the actual grid. It was developed as part of the US ARPA-E

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

AB. Birchfield, T. Xu, KM. Gegner, K S. Shetye, and T.J.
Overbye, "Grid Structural Characteristics as Validation
Criteria for Synthetic Networks," IEEE Transactions on
Power Systems, vol. 32, no. 4, pp. 3258-3265, July 2017.

For more information, contact abirchfield@tamu.edu.

— SOTNEN
N ® -
A e ]
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Available Transfer Capability

* Keep Seller and
Buyer selections
the same as
PTDF

 Save 25 Limiters,
5 per CTG, 5 per
element

§:

* lIgnore Elements
with OTDF/PTDF

Available Transfer Capability

4 - Options
- Define Contingencies
- Advanced Options
mo

~lnalysis
4 -Resu
- All Limiters

Options

Common Options | Definitions | Advanced Options

Seller

() Area

Sladk
Zone (®) Injection Group

() Super Area Bus

- Branch Limiters

- Interface Limiters \

~ Nomogram Interface ||| SEIer e
Find Seller...

\

Linearized AC
(@) Lossless DC
() Lossless DC With Phase Shifters

| Enable Phase Shifters Post-Contingency

Incude Contingencies
Report Base Case Limitations
Report Generation Reserve Limitations

LimibMoritorng Settings ...
£ >

below 3%

S8: Generator Interconnection Study

Save Settings Load Settings

% | Buyer

Memao

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

Buyer

() Area Sladk

Zone

() Super Area Bus

Coast Load

Reverse Buyer/Seller

Transfer Result Reporting Options

Transfer Limiters to Save
Max Limiters per CTG
Maix Limiters per Element
Max MW Limitation
Ignore Elements
with OTDFs below

Ignore Elements
with PTDFs below

? Help

(®) Injection Group

- - EE

Find Buyer...

25 =

© 2018 PowerWorld Corporation
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Available Transfer Capability

* Use (IL) then
Full CTG
Solution
method

* |terateonl
Transfer
Limiter

/‘/

Available Transfer Capability

4. Options Options
i i~ Common Options
- Define Contingencies

| Advanced Options

- Memo

Advanced Options

Common Options | Definitions

ATC Solution Method

7

() single Linear Step (sL)

() Iterated Linear Step (IL)

- Al Limiters
- Branch Limiters

- Interface Limiters
- Momogram Interface |

(®) (1) then Full CTG Solution

p Power Calculation

Define Extra Monitors
[ analyze Multiple Scenarios

Model reactive power for linear methods by...

'1:0:1' Ignoring reactive power

(") Assuming constant voltage magnitude

() Assuming reactive power does not change

Memao

Transfer Calculation Options

-

Transfer Tolerance | 10.000000 = Mw
When iterating, ~
Ignore Limiters below 0.00]27 M
Transfer Limiters to e

Iterate on T

Power Flow Solution Options
Injection Group Options
Define Contingency Solution Options

[ Tuse spedific solution options

Force all transfer ramping to occur in
[ ] pre-contingency states and repeat full
CTG solutions

Iterate on failed contingency

£ >

Save Settings

S8: Generator Interconnection Study

Load Settings

[ ]Fer 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 MW Limit Enforcement in Single Linear Step

? Help j-'L Close

© 2018 PowerWorld Corporation
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ATC Results

Result

B i %"1 st i # | Records~ Set~ Columns ~ ' “.E' "%’}E' T %' b fig =~ BH | Options ~

RECD RECD

O

Ove rl Oa d S to All Limiters | Branch Limiters | Interface Limiters | Momogram Interface Limiters
Trans Lim Limiting Element Limiting CTG %% OTDF|Pre-Trans |Limit Used
: Est
rem ed late so T[_ 105.50]Line COAHOMA 0 (1028) TO FLUVANNA 10 (3103) CKT 1 [115.00 - iL_0010040D0NNELL 11 0031535NYDERZ0C] | 53.67 245,75 250.00
2| 123.08 Transformer FLUVANNA 2 1 (3037) TO FLUVANNA 2 0 (3095) CKT 1 |L_0010040DONNELL11-003133SNYDER20CT  25.83 15573 182.00
p ro pose d 3| 123.08 Transformer FLUVANNA 2 1(3097) TO FLUVANNA 2 0 {3096) CKT 2 |L_0010040DONNELL 11-0031335NYDER20C 1 26,83 15573 162.00
124.48 Line LAMESA 0 (1089) TO STANTON 0 (1054) CKT 1 [115.00 - 115.0(L_0010040DONNELL11-003133SNYDER20C1 4633 86.53  98.00
pla nt m ay be 136.02 Line ODONNELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(T_0010730DESSA 18-0010710DESSA10C1 £1.45 7560 -38.00
138.85 Line ODONNELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(L_001089LAMESAQ-0010545TANTONOC 100.00  58.87  -98.00
0 pe rate d at 139,05 Line LAMESA 0 (1089) TO STANTON 0 (1054) CKT 1 [115.00 - 115.0(L_0010550DONNELLO-00 1085L AMESAQC L 100.00  58.67  98.00
142.82 Line ODONNELL 0 (1055) TO O DONNELL 10 (1003) CKT 1 [115.00 - T_0010730DESSA 18-0010710DESSA10C1 61.45 7152  98.00
. 143.03 Line ODONNELL 0 (1055) TO © DONNELL 10 {1003) CKT 1 [115.00 - L_001089LAMESAQ-0010545TANTONOC 100.00 5469  98.00
fu I I Ca pa C |ty 143.03 Line LAMESA 0 (1089) TO STANTON 0 (1054) CKT 1 [115.00 - 115.0(L_0010550DONNELLO-0010030DONNELLIOCT  100.00 5469 98.00
151,72 Line FLUVANNA 10 (3109) TO FLUVANNA 2 1(3087) CKT 1 [115.00 L_0010040DONNELL11-003133SNYDER20C1  53.67  312.08  340.00
W|t h out 155.67 Line ODONNELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(L_001054STANTONO-O01056LENORAHOCT  -100.00  42.05  -98.00
159.84 Line ODONNELL 0 (1055) TO © DONNELL 10 (1003) CKT 1 [115.00 - L_001054STANTOND-001056LENORAHOC 1 100.00  37.87  98.00
t h erma I 138.39 Line LAMESA 0 (1089) TO STANTON 0 (1054) CKT 1 [115.00 - 115.0(L_001028COAHOMAO-003108FLUVANNAIOCT  46.12  57.10  98.00
195.76 Line LAMESA 0 (1089) TO STANTON 0 (1054) CKT 1 [115.00 - 115.0(T_0010040D0NNELL11-0010030DONNELL10CT 4633 53.50  ©8.00
. 199,59 Line ODONNELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(T_0010230D0NNELL21 0010220D0NNELL20CT  59.97  38.11  -98.00
securi ty 17| 200,00 InjectionGroup Lamesa Base Case 0.00 000 0.00
18| 204.61 Line ODONNELL 0 (1055) TO LAMESA 0 (1089) CKT 1 [115.00 - 115.(L_001056LENORAH0-001027MIDLAND20C 1 6194 3304 98.00
Vi 0O | at | ons 19| 206.56 Line ODONNELL 0 (1055) TO O DOMMELL 10 (1003) CKT 1 [115.00 - T_0010230D0ONNELL21-001022000MNELL20C1  59.97  33.93  98.00
20| 206.87 Line STANTON 0 (1054) TO LENORAH 0 (1056) CKT 1 [115.00 - 115. L_0010550D0NNELLO-001085L AMESAOC 1 100.00 4135 149.00

S8: Generator Interconnection Study

© 2018 PowerWorld Corporation
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ATC Automation

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

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

— results stored in aux2090ATCResults.aux

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

* Plot QV curves at point of interconnection

— Compare Q margin with/without new unit

* 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 © 2018 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
* Close transformer between buses 1 and 1089 and generator
* 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 LouisianaGeneratorQVOptionsCough.aux
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QV Curve without Proposed Unit

L]
o Q m a rgl n - ~BUS* 1089 (LAMESA 0_115.0),*CASE** BASECASE

80

161 MVar o

50}
40
30}
20
104

-10
-20}
-30]
-40}

Q_sync (Mvar)

-50]
-60-]
-70]
.80
-90]
-100
-110
-120]
-130
-140
-150
-160-

I I I I I I I I I I I I I I I I I I I I I I I I I
0.12 0.16 0.2 0.24 028 0.32 0.36 04 044 048 052 056 06 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 margin =

65

/7 MVar, a "

decrease ;
from the :

base case o

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

Q_sync (Mvar)

 Additional

40

supply :
might be “

desirable

S8: Generator Interconnection Study

-10
-154%
-204

reactive >

-35

T T T T T T T T T T T T T
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)
aaaaaaaaaaaaaaaaaaaaaaa
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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)

S8: Generator Interconnection Study © 2018 PowerWorld Corporation
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Base Case PV Study: Setup

 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

4 Sn_ab.lp

» - Quantities to track
Limit violations

- PV output

QV setup

» - PV Results

> -Plots

<

ommon Options
jection Group R.amp|
terface Ramping Of
dvanced Options

>

Save Auxiliary ...

Load Auxiliary ...

- - EE

Setup

Ramping Method Transfer power between the following two injection groups:

(®) Injection Group Source/Sink Source Lamesa

- View [ Define Injection Groups
() Interface MW Flow Sink

Coast Load w
Commen Options | Injection Group Ramping Options | Interface Ramping Options | Advanced Options

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 (M) 10.00 =
When convergence fails, 2.00]=
reduce step by a factor of : -

[ stop when transfer exceeds 200.00| 5

Launch QV curve tool ...

j"L Close

? Hep

© 2018 PowerWorld Corporation
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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

Fl

Setup

.- Common Options

Imjection Group Ramp

Interface Ramping OF
i Advanced Options

- Quantities to track

Limit violations

PV output

QV setup

-PV Results

-Plots

3

£ >

Save Auxiliary ...

Load Auxiliary ...

Ramping Method Transfer power between the following two injection groups:

) Injection Group Source (Sink

Source Lamesa

() Interface MW Flow Sink Coast Load w

Common Options | Injection Group Ramping Options | Interface Ramping Options | Advanced Options

Injection Group Options

Island-Based AGC Tolerance 5.0000 ==

[ Allow only AGC units to vary
[l Enforce unit My limits
[Ipo 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.)

Launch QV curve toal ... ? Help

- - Em

View [ Define Injection Groups

J_:'IL Close

© 2018 PowerWorld Corporation

39



Base Case PV Study: Setup

e Scale load
Mvar with

MW

<

PV CURVES
4 - Setup Setup
Commaon Options
Injection Group Ramp Ramping Method

- Interface Ramping Of
----- ced Options
- Quantities to

imit violations

Source

njection Group SourceSink
() Interface MW Flow

Sink

Common Options

ion Group Ramping Options

-PV Results
> -Plots

Haow should reactive power loa during ramping?

Maintain the MW MVAR ratio at each load,
but then scale MVAR by a factor of

1.0000

~— As MW changes, change the MVAR ata

' power factor of L.oooo

{If enabled, injection group specific scaling options wil
averride these options.)
Load Component Yariation

Il changes apply to constant power {5 MW, S MVAR)
ary in proportion to existing Z,1,P ratios
ary using proportions spedfied below:

100/ | 1002 1.00/ =
0oos oo s .00
ooos oo s oo

>

Save Auxiliary ... | |Load Auxiliary ... Launch QV curve tool ...

Lamesa

Coast Load

Interface Ramping Options

- - EN

Transfer power between the following two injection groups:

View [ Define Injection Groups

Advanced Options

Reverse Transfer
[ apply Reverse Transfer
1000.00 2
100 2
oo s
noo -
? Help IL Close

S8: Generator Interconnection Study
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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 Stop [Jrestare Initial State on Completion of Run

Baze case could not be zolved

Present nominal shift | 337.500 Gen MW Load SMW  Load IMW  Load ZMW View detziled results

Source | 337.50 0.00 0.00 0.00
Present step size ‘;

Sink  |0.00 18460.11 | |0.00 0.00 Other actions == ‘

Found 1 limiting case.

Qverview | | egacy Plots | Track Limits

Bl Bk %8 5% 4 #  Records~ Set- Columns- By~ @i~ M- 5 BH- & - B options -

Scenario |Critical?|Critical Reason [Max Shift{Max Export|Max Import| £ Viol|Worst V Viol[Warst ¥ Bus|Max P Mism| Max P Mism [Max MW Mism [Max Q Mism| Max Q Mism |Max Mvar Mism
Bus # Bus Name Bus # Bus Mame
1 pase case|YES Reached Mose  337.50 337.50 -270.39 0 1 Lamesa Wind 1.7628 1 Lamesa Wind 10,2497
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Contingency Analysis at 275 MW

e Enable Lamesa-Coast transaction and set to 275 MW
* Set reference to current state

 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

Contingendes | Options | Results
m = % "’H‘f’ +_.;.'3 ;'3_3 ﬂ ?&D Records = Set~ Columns = * H.E" “&E- ¥ BE'EI* E‘:BE i) = ﬁ Options =
Label Skip|Category|Processed|Sol g |Indude (Screen|Post-CTG(Islanded|Islanded |Global |[Transient|Remedial|Custom | Violations|Max M A

RemedialAllow [ALX Load Gen |Actions|Actions |[Actions |Monitor Branch %
Actions Violations

1(L_001089LAMESAC-0010545TANTOMNOC 1 MO YES NO ES MO none 0 0 0 Unsolved Unsolved

2|L_0010545TANTOMNO-001056LEMORAHOC 1 NO YES NO 'E f none W] 1] 0 Unsolved Unsolved

3|L_001004000MNMELL11-00531335MYDER.20C1 MO YES NO E none 0 0 0 Unsolved Unsolved

4(L_0010550D0MNMELLO-00 1089 AMESADC E v YES NO 'E none 0 1] 0 Unsolved Unsolved

5|L_001055C0D0OMNMELLO-0010030DOMNELL 10C1 MNO YES MO 'E none 0 0 0 Unsolved Unsolved

& (L_001010PRESIDIO10-001002PRESIDIOZ20C1 MO YES YES 'E none o] 1] a 1] 3 126.1

7|L_001002PRESIDIO20-001007VANHORMOC 1 MNO YES YES 'E none 0 0 0 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

S8: Generator Interconnection Study © 2018 PowerWorld Corporation

Contingencies | Options | Results
D = % "1 '_'53 ;E'B ?&D ' Records ~ Set~ Columns - ' ".E' H%}}E' T %' sa%ﬂ fix) ~ ﬁ Options =~
A |Category|Processed|Solved|Indude  |Screen|Post-CTG|Islanded|Islanded|Global |Transient|Remedial|Custom | Viclations|Max Min Volt|Max Volt|Max Max Bus |Memo| Max [MinMN &
Remedial|Allow  |ALX Load Gen Actions|Actions  |Actions  |Monitor Branch % Interface|Pair Angle dvjdq |dv/dc
Actions Violations %
2[NO YES YES e a 0 a 0 2 173.3
3[MNO YES YES e a 0 a 0 5 150.2
4[mo YES YES e 0 0 0 0 5 187.1 0.072
3[MNO YES YES e a 0 a 0 3 133.0 0.938 o
FE - >
Violations | what Actually Occurred O
Show related contingencies Combined Tables =
Category Element Value | Limit |Perc W |Area Name|MNom 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 0 { 1054) -= LENORAH 0 ( 10568) CKT 1at LENORAH 0 172,49 149,00 115.77 Far West 115.00
3|Change Bus Low Volts ETANTON 0 (1054) | 0.9156 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 2O
— 1028 COAHOMA 0
— 1054 STANTON O

e Track MW and Mvar Reserve at Lamesa Wind

e Settings may be loaded from
LamesaPVOptions.aux
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Integrated QV Analysis

e Optionally select ——

{( . 4 - Setup QV setup
utomatica
.- Injection Group Ramp Integrated QV analysis ...
- - Interface Ramping Of [+] Automatically launch QV analysis at end of PV computation
launch QV ana Iys IS et
FR tities to track,
QEI?BHUS:: 3 QV options file G:\Scott{Training\Synthetic Cases\Texas\La| Browse

- Gepefators Howesfould scenarios be handled?
a e n O p» Injection Groups L )

- Lines (@) Consider just the unsalved scenarios

- Transformers () Consider all scenarios in the current list

° V44 - Shunts (Mote: QV curves will start from PV critical ramping only if

C O I I | p u a I O n ro I I l Interf saving critical states to auxiliary files)

- Interfafes

- j2Gse

QV accelerator settings

= Devices At Limits )
S e tup t a - Limit violations (®) Do not use shortcuts; trace the entire QV curve

-~ PV output (") Trace abbreviated QV curves using these settings ...
o [ 4 PV Results -1.000
* Set “QV options
i Legacy Plots R
+ - Track Limits

. ” Plo
fl | e to ’ Plé---ﬁ-‘lnt Designer

+ - Plot Definition Grids

L a m eS a In te g ra te d <5ave Audliary ... Loa: Auwdliary ... | | Launch QV curve tool ... i
QVOptions.aux

)
IT
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PV Results

PV CURVES

» - Setup PV Results
- - Quantities to frack
- Limit violations Run Stop [ | Restore Initial State on Completion of Run
- PV output
- QV setup Baze caze could not be zolved
a-py Results
Civerview Prezent nnminal Shlﬂ: 337.500 Gen MW Ll:lad SMW Ll:lad MW Ll:lad MW View dEEllEd rESUItS
Legacy FllDtS . Source 337.50 0.00 0.00 0.00
: . Present step size )
» - Track Limits o Sink 0,00 18462.59 | |0.00 0.00 Other actions ==
. . Plots Found & limiting cases.
Overview | Legacy Plots | Track Limits
F3 0 Bl 8 % 8448, | Recoss~ st Cotumns~ B3~ | 8- %2~ ¥ B4~ B o~ B Options~
SCenario Critical? | Critical Reason|Max Shift|Max Expart|Max Import|# Viol Warst V Bus
1|base case YES Reached Mose  337.50 337.50 -273.04 ]
2(L_001055000MMELLO-00 10030DOMMELL 10C1 YES Reached Mose  225.00 225.11 -200.91 0
3(L_001004000MMELL 11-0031335NYDER20C1  YES Reached Mose 262,50 262.81 -228.13 0
4|L_0010545TANTOMO-001056LENORAHOCT  YES 262,50 6266  -228.13 0
5(L_001089L AMESAQ-D010545TAMNTOMOC ] YES Reached Mose 256,25 256,42 -223.88 0
5 |L_00105500D0MMELLO-00 1039LAMESADC 1 YES Reached Mose  225.00 225,14 -200.91 0
£ >
Save Auxiliary ... Load Auxiliary ... Launch QV curve toal ... ? Help j'L Close
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PV Plot

* Bus Voltage
VS.
Generator
Output

S8: Generator Interconnection Study

PU Volt

1.035
1.03
1.025
1.02
1.015
1.01]
1.005-

0.995-
0.99-
0.985
0.98
0.975
0.97
0.965
0.96
0.955-
0.95
0.945
0.94
0.935-
0.93-
0.925-

0.92

T
50 100 150

o

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_001089LAMESA0-001054STANTONOC1: STANTON 0_115.0 (1054)

— L_0010550DONNELL0-0010030DONNELL10C1: STANTON 0_115.0 (1054)
L_001054STANTONO-001056LENORAHOC1: STANTON 0_115.0 (1054)
— L_0010550DONNELL0-001089LAMESAOC1: STANTON 0_115.0 (1054)

© 2018 PowerWorld Corporation
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Summary

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

* Voltage margins also decrease significantly at
200 MW

 Major transmission upgrades likely needed to
support this interconnection
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Optional Integrated QV Analysis

 Click “Launch QV curve
tool...” button to run
the QV analysis at
Lamesa 115 kV bus

* QV curve for outage of

O Donnell — Lamesa 5
115 kV line at 338 MW ;- \4/
(base case nose) § =)

— Negative dV/dQ at 1.0
pu voltage!
— Cannot support this

transfer without
transmission upgrades
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Repeat QV at 200 MW
peat Q

o V4
° C h O OS e Sta rt Ove r Switched Shunt Information for Present - o n
fro m PV A n a IyS I S Bus Number = Find By Mumber Status =i

= ) Open NO (Offline)
Bus Mame |LAMESA 0 ] Find By MName (®) Closed ® YES {Online)
i Set GeneratOr to ShuntID |1 Find ... Status Branch

Labels ... | |nolabels

regulate to 1.1 pu for
b ette r VO Ita ge S u p p O r‘t Parameters | Control Options | Faults | Owners, Area, Zone | Custom | Stability | GIC

Mominal Mvar 120.0 =

-

* Add 120 Mvar
Auto Control? Control Regulation Settings
1 @YES (JNO ) voltage High Value 30,000 =) Myar
Switched Shunt L
(®) Generator Mvar  Low Value 0,000 = Mvar

(") Fixed

C a p a C ity (®) Discrete () wind Mvar Target Value 15.000

() Cortiuous () Custom Control  Reg. Value |49.7164 Mvar

Mwar

() Bus Shunt (Fixed)

- Reg u I ate G e n e rato r e Var Regulation Sharing 1,00 =
M Va r b etwe e n O a n d :T:Lzﬁ:::iontol Enabled Req. Bus PU Valtage to Mvar Sensitivity 0.000001

Case Shunt Control Enabled
Va r Voltage Control Group | Notin a Group v | | AddMNew
Switched Shunts Mvar Blocks

— 12 steps at 10 Mvar T
per step ‘ -

oK Cancel Save Save to Aux Help Print

Reg. Bus # 1039
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Slight Improvement to QV Margins

**BUS™ 1089 (LAMESA 0_115.0),”CASE** BASECASE
340
320
300
280
260
240
220
200
180
160
140
120
100

Q_sync (Mvar)

80
60
40
20

0

.20,
-40]
_60,
_80,
-100

-120-
L B B LI L L BN L B B L BN L B B B L
056 06 064 068 072 0.76 08 084 0.88 0.92 0.96

LA L L L N B B L L L B R B N B L L B L B L L B L B L B R B
1 1.04 108 112 116 12 124 128 132 136 14 144 148
Voltage (pu)

Build Date: January 25, 2018
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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
- (3enerators
-~ Injection Groups Basze casze could not be zolved
- Lines
. Transformers Present nominal shift | 450.000 Gen MW Load SMW  Load IMW Load ZMW View detailed results
- Shunts _ Source |450.00 | |0.00 0.00 0.00
Present step size
- Interfaces Sink 0,00 1855316 | 0,00 0.00 Other actions »>
- Caze Found & limiting cases.
- Devices At Limits Cwerview | Legacy Plots | Tradk Limits
- Limit violations o
- PV output % A Lh 0 i ?&n Records = Set~ Columns - * HE' H@E' b % < E%ﬂ Ciptions = b4
- Q¥ setup Scenario Critical? | Critical Reason|Max Shift|Max Export{Max Import|# Viol|Worst W Viol|wW
4-py Results
o Qverview 1|base case YES  ReschedNose 450.00  450.00 -363.54 O
~Legacy Plots 2|L_0010550DONNELLO-0010030DONNELLI0C1[YES_ |Reached Nose  431.25 43157  -355.46 0
PI"t;'ra‘:k Limits 3|L_0010040DOMMELL11-003133SNYDER20C1 YES  Reached Mose  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_001089LAMESAQ-O0 10545 TANTOMNOC 1 YES Reached Mose 412,50 412,72 -342.86 o]
6(L_0010550DOMMELLO-0010835LAMESADC 1 YES Reached Mose  430.00 430,32 -354.73 o]
< »
Save Auxiliary ... | |Load Auxiliary ... Launch Q¥ curve toal ... ? Help j-'L Close
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PV Analysis with Modifications

« dV/dQ
appears
negative
near PV
margin!

* Transmission
upgrades still
needed

S8: Generator Interconnection Study

PU Volt

1.19
1.18
1.17
1.16
1.15
1.144
1.134
1.124
1119

1.09
1.08
1.07
1.06
1.05
1.044
1.03
1.024
1.01

0.99
0.98
0.97
0.96 9
0.95

0.93
0.92
0.91

0.89
0.889
0.87

T T
50 100 150 200

T T
250 300 350

Gen MW: 1 (Lamesa Wind_ 34.5) #1

— base case: STANTON 0_115.0 (1054)
— L_0010040DONNELL11-003133SNYDER20C1: STANTON 0_115.0 (1054)
— L_001089LAMESAOQ-001054STANTONOC1: STANTON 0_115.0 (1054)

— L_0010550DONNELLO0-0010030DONNELL10C1: STANTON 0_115.0 (1054)
L_001054STANTONO-001056LENORAHOC1: STANTON 0_115.0 (1054)
L_0010550DONNELL0-001089LAMESAOC1: STANTON 0_115.0 (1054)

T
400 450
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dV/dQ Sensitivities

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

Single Meter, Multiple Transfers | Single Transfer, Multiple Meters | Self Sensitivity | multi) * | ¥

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.

115 kV out of P

D = %"H" f.jE ;':'_8 M?&D Ht Records~ Geo~ Set~ | § %* W

S e rVi C e |:| Only show the primary bus for each superbus

Numl:uer| Mame |Y Area I‘|Area Name| dv/dP | dvfdQ l‘ -
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 0 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 42 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 SUGAR LAMND 2 2 7 Coast 0.00000393 0.00004646
8| 7393 HOUSTOM 450 7 Coast 0.00000742 0.00004555
Sta n to n 9| 7087 SUGAR LAND 10 7 Coast 0.000006562 0.00005054
10| 7055 HOUSTOM 330 7 Coast 0.00000787 0.00005473

11| 733 STAFFORD O 7 Coast 0.00000867 000005559 .,

fL Close
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