Two Example Remedial Action
Schemes
e Complex Thermal RAS — “Treeville” RAS

— This is a real RAS, but we’ve made up names so we
can put this presentation on public websites

— Complex Thermal-based RAS

— Ordering of actions using Time Delay matters
* One of Two Line Outage with Generation

Dropping

— Handling the base case condition matters

— Injection Group Dropping

— Lookup Table

— Merit Order

— TOPOLOGYCHECK important
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Treeville RAS

e Treeville RAS is used
to relieve thermal
overloads on 115 kV
system around
Treeville Generation

— 2 Gas units (#1 and #2)
— 1 Steam unit

e Two parallel paths
between Treeville and
Belltown
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Treeville RAS Close-up
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Note on Presentation

e For presentation of a concept, | will do the
following
1. Describe the RAS logic
2. Show how that would be defined in a Dialog
3. Show how that is represented in the RAS and
Contingency File Format AUX file (text file)

e You’'ll see that the AUX file represents a bunch
of tables

e Power engineers are accustomed to tables of data about
buses, gens, lines, areas, zones, owners, etc...

e This is just a bunch of tables describing the logic,
lookups, etc...
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Treeville RAS Overview

e 4 Separate Control Actions Possible

1. Ramp Treeville generation down by 40 MW in
two minutes
Trip one Treeville gas combustion turbine

Trip the all the Treeville generators
Trip path of the 115 kV line going to the Refinery

* You will see Time Delay used for Actions 1-3
e Action 4 we’ll cover first because it’s so simple
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Treeville RAS:
Control Action #4

Refi to TapPath2 > 1109 . . : :
efinery to ap- -a . & —> Trip the Treeville to Refinery Line
of seasonal facility rating

e If Green Line Overloads then Trip Pink Line

8200 |

o i
w m 48194 1MW
n Treeville 0 var
TreeVI I |e % 10505 lltw\‘::r 7454
Path2 7454
1041 Belltown

10440
Refinery TapPath2
7453
\ Belltown2
20 MW
10 Mvar
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Treeville RAS Control Action

Type =
Branch

Choose
Branch

Condition
for Branch

ModelCondition Dialog

Define Model Conditions

Model Condition Name [F‘.eﬁnewI to TapPath2 > 110% vl

[ Save ]
["|Evaluate in Contingency Reference State
[ | Disable if True in Contingency Reference State

[ Save As ]

[ Rename ] [ Delete ]

Element Tyge [Eranch ']

[%] 49990 entries
[+] Sortby @ Mame () Number

Filter lAdvanoed - ”Eranch - ]’

=] Use Ares/Zone Filers [ Quick ][ Define ][ Remaove ]
x] [ Search Mext ] [ Search All ]
You can use wildcard characters * or ?

PathiD ( 8201) TO PathiC {8215) CKT 1 [115kV]- [115 kv]
PathiD ( 5201) TO PathiE {§223) CKT 1 [115kV]- [115kv]
PathiE { 8223) FROM Belltown 1 { 8177) CKT 1 [115 kV]- [115kv]
PathiE { 3223) FROM Path1D { 8201) CKT 1 [115kV]- [115 kv]
Paﬂnz(lusus) FROMTapPaﬂnz(mqm) CKTl [115 kV]- [115 kv]

Mlr=fnery (10440} FROM TapPathz (10- (10491} CKT 1 [L15KV]- [115 k]

Meets the filter below [ Set Filter Same As ]

Select Filter Type

["| Pre-filter using Area/Zone/Cwner Filters Logical Comparison

Enabled (normally checked) (@) AND OR Mot AND Not OR
Condition 1
Limit Monitoring\%% at To Bus * | greater than or equal t vl 110 [ aBs
["|Use Another Filter
Delete ... [ Enable Field to Field Comparisons
[ JDK ] ’ ?ﬂelp ] ’ XCancel]
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Treeville RAS Control Action
RemedialAction

Contingency Element Dialog

Choose Branch to Open

Model Criteria points
to ModelCondition

@ Branch

Element Type

(7 Gel
" Load
() Switched Shunt
") Bus
| Interface
“Ngjection Group
() MulNgection Line

() 3-Winding Trans™
~) Line Shunt
() DC Line
") DC Converter
() Area
*) Substation
() Abort
() Contingency Block

Action Type

0

Constant

Choose the Element
(=] Sort by @ Name

() Number

earch For Near Bus

9996 (9996)
9997 (9997) [115kV]
9998 (9998) [115 kv]
9999 (9999) [230 kv]
Belltown1 (8177) [115kv]
Belltown2 ( 7453) [115kv]
PathiA (8221) [115kV]
PathiB (8226) [115kv]
PathiC (8215) [115kv]
Path1D (8201) [115kV]
PathiE (8223) [115kv]

TapPath2 (10491) [115 kv]
Treeville (8194) [115kv]
Treeville GT1 (8195) [13.8 kv]
Tresvile GT2 (8196) [13.8KV] |
Treeville ST { 8197) [13.8 kV]

Evaluate in Reference State

Make-up Power Sources ...

POSTCHECK.

-

Select Far Bus, CKT

MWVA Limit

Madel Criteri

Refinery to TapPath2 > 110%

Indusion Filter: | Add
Time Delay: 0.000000 = seconds
Comment: Control Action 4
[ o oK ] [ Delete ] [ xCanceI] [ ? Help ]
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Treeville RAS Control Action #4:
File Format

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,
EvaluatelnRef,DisablelfTruelnRef,Memo)

{
"Refinery Tap2 > 110%" "Branch "10491" "10440" "1°' "Branch' "AND" '"NO' "'NO " "™

+
MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,

ConditionType,Value,OtherValue,Absolute)

{

"Refinery Tap2 > 110%" 1 "Percent'™ '>=" ""110" """ "NO "
}

REMEDIALACTION (Name,Skip,Memo)

{

"Treeville Generation Run-Back Scheme™ "*NO ' '

}

REMEDIALACTIONELEMENT (RemedialAction,Object,Action,Criteria,CriteriaStatus,
TimeDelay, InclusionFilter,Comment)

{
"Treeville Generation Run-Back Scheme™ ""BRANCH 10440 8194 1' "OPEN"

"Refinery Tap2 > 110%" "POSTCHECK"™ O """ " Control Action #4"
+
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Color Codes for Treeville RAS
Control Actions #1, #2, #3

93 MW 93 MW 103 MW
15 Mvar 15 Mvar 16 Mvar
8195
Treeville : reeville|ST
¢ GT-Zr 8209
8209
m w - 8194 1 MW —
YL, Treeville 0 Mver
TreeVI I Ie 10505 lf;‘\y:r 7454
Path2 7454
w0 path 2 Belltown
Refine apra
7453
Belltown2
20 MW
10 Mvar Pa t h 1
8177
8222 _ Belltown1
TapPathl 8226 8215 8201 8223
PathlB Path1C PathiD PathlE
- 12 MW 15 MW 14 MW 15 MW
» 8221 0 Mvar 1 Mvar 0 Mvar 5 Mvar
Path1A
IMW
36.9 Mvar

1 Mvar
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Treeville RAS:

Control Action #1

e Logic provided by utility that manages RAS

ModelConditions

Path 1D to 1E > 95%

PowerWorld Corporation

Model Expressions
And RemedialAction

Proportionally Reduce Gas Turbine
Outputs by 40 MW (see not 1)

Time Delay:
120s

Set Steam Turbine Outputs for drop of
GT output (see not 2)

Time Delay =120 s

Notes:

1. CT model expressions are -(x1/(x1+x2)*40) for
unit 1 and -(x2/(x1+x2)*40) for unit 2 where
x1=actual MW output of unit 1 and x2=actual MW
output of unit 2.

2. ST model expression is x5*((x1+x2-40)/(x3+x4))

where x1=actual MW output of unit 1, x2=actual

MW output of unit 2, x3=Pmax of unit 1, x4=Pmax

of unit 2 and x5=Pmax of steam unit. 12



Type =
Branch

Choose
Branch

Condition
for Branch

Define Model Conditions:
Path 1A to 1B > 95%

Define Model Conditions

Model Condition Name | Path 14 to 1B > 95% -

[ Save ]
[ "] Evaluate in Contingency Reference State
|| Disable if True in Contingency Reference State

[ Save As ]

[ Rename ] [ Delete ]

Element Type [Branch "]

[x] 45930 entries

[+] Sortby @ Mame () Number

Filter [Advanoed v][Erar‘|t:l"| v][

=] Use Ares/Zone Filers [ Guick ][ Diefine ][ Remove ]
(=] [ Search Mext ] [ Search All ]

You can use wildcard characters *or ?

Belltown2 { 7453) TO Beltown1 (8177) CKT 3 [115kV]- [115 kv]
Belltown2 { 7453) FROM 7454 { 7454) CKT 1 [115 kv]- [230 kv]
Belltown2 { 7453) FROM 7454 { 7454) CKT 2 [115 kV]- [230 kv]
Belltown2 { 7453) FROM TapPath2 (10491) CKT 1 [115kV]- [115kV]
Path1A (83221) TO TapPathl(8222) CKT 1 [115kv]- [115kv]
EaiodB 2 = BOikd D= = T l

Meets the filter below [ Set Filter Same As

Select Filter Type

[ | Pre-filter using Area/Zone/Owner Filters

Logical Comparison
Enabled (normally checked) (@ AND OR

Not AND Mot OR

Condition 1
Limit Monitoring\%. at From Bus
[ Use Another Filter

~ | greater than or equal t v] a5 [|aBs

Add =>»

Delete ... [~]Enable Field to Field Comparisons

[/ ]

’ ‘? Help ] [x::anoel]
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Type =
Branch

Choose
Branch

Condition
for Branch

Define Model Conditions:
Path 2 > 102%

Define Model Conditions

Model Condition Name [Pam 2> 102% vl

[ Save ] [ Save As ] [ Rename ] [ Delete ]
["|Evaluate in Contingency Reference State
[ | Disable if True in Contingency Reference State

Element Typ| [Eranch 'l
(] 49930 entries
[+] Sortby @ Mame () Number
FiIter[Advanced v”Eranm v]l -
(x] Use Ares/Zone Fiters | Quick | Define || Remove |
(x] [ Search Next ][ Search All ]

You can use wildcard characters * or ?

Path1D { 8201) TO PathiC {8215) CKT 1 [115kV]- [115 kv]
PathiD ( 5201) TO PathiE {8223) CKT 1 [115kV]- [115kV]
Path1E { 8223) FROM Belltown 1 { 8177) CKT 1 [115 kV]- [115 kv]
PathiE { 3223) FROM Path1D { 8201) CKT 1 [115 kV]- [115 kV]

Pathz {10505} FF‘.DM TapPaﬂ-.z{m;i} CKT 1 [115 kv] [115 kv]

F‘Eﬁnery (10449} FROM TapPathz (10- (10491} CKT 1 [115KV]- [115kV]

Meets the filter below [ Set Filter Same As ]

Select Filter Type

[ | Pre-filter using Area/Zone/Owner Filters Logical Comparison
Enabled {normally checked) (@) AND OR Mot AMD Mot OR

Condition 1

Limit Monitoring\% at To Bus v | greater than - | 102 [Tl aBs
[~ Use Another Filter

Delete ... [~ Enable Field to Field Comparisons
[ g/OK J ’ ?ﬂelp l ’xCancell

PowerWorld Corporation
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Treeville RAS Control Action #1:

ModelCondition File Format

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,
DisablelfTruelnRef,Memo)

{

"Path 1A to 1B > 95%" "Branch "8222° °8226" "1  "Branch™ "AND"™ *NO™ *"NO ' ****
"Path 1B to 1C > 95%" "Branch "8215° "8226" "1  "Branch™ "AND"™ *NO™ *"NO ** ****
"Path 1C to 1D > 95%" ™"Branch "8201° °8215" "1™  "Branch™ "AND" *NO™ *"NO ' '***
" " "Branch "8201° =8223" "1°"  "Branch'™ "AND" *NO™ "'NO " "
"Path 2 > 102%" "Branch "10491" =10440° "1°" "Branch™ "AND™ "NO™ *"NO ** "
+

MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,ConditionType,Value,

OtherValue,Absolute)

{

"Path 1A to 1B > 95%" 1 "Percent' '>=" "'95" "' "NO ™

"Path 1B to 1C > 95%" 1 "Percent' ''>=" "95"™ "' "NO ™

"Path 1C to 1D > 95%"™ 1 "Percent' ''>=" "95"™ "' "NO ™

" " 1 "Percent' '>=" "95" "' "NO "

"Path 2 > 102%" 1 ""Percent' '>'" 102" "' "NO "

}
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Treeville RAS Control Action
ModelFilter Dialog

Filter Conditions

23

Filter Mame [P‘aﬂ‘1 1 > 95% OR Path 2 = 102%

]

Save

Logical Com

OR Logic

List of Model
Conditions

PowerWorld Corporation

w

()Mot AND () Not OR

| View Filter Logic

Model Condition 2
Model Condition 3
Model Condition 4

Model Condition 5

.
-

Find...| SRR RE -
Path 1B to 1C > 95%]

-

@ Condition

(@ Condition

i@ Condition

@ Condition

(") Filter

(") Filter

(" Filter

() Filter

| Add>> | |Delete... |

[ Medify Model Conditions ]

[ Not

[ Not

[ not

[T Not

L1

1

[ Foc) [ 2o ) [(Xsas]
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Treeville RAS Control Action #1:

ModelFilter File Format

MODELFILTER (Name,Logic,Memo)

{

“"Path 1 > 95% OR Path 2 > 102%" "'OR"™ "

¥

MODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)
{

"Path 1 > 95% OR Path 2 > 102%" 1 "'‘Path 1A to 1B > 95%'" "
"Path 1 > 95% OR Path 2 > 102%" 2 "'‘Path 1B to 1C > 95%" "
"Path 1 > 95% OR Path 2 > 102%" 3 "'‘Path 1C to 1D > 95%'" "
"Path 1 > 95% OR Path 2 > 102%" 4 "Path 1D to 1E > 95y '
"Path 1 > 95% OR Path 2 > 102%" 5 "'‘Path 2 > 102%"

s
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F

Treeville RAS Control Action #1:

Model Expression

Move Steam Plant by the same

Define Model Expressions = = ER
MName | ST Output After Runback w7
| Save | | Save As | | Rename | | Delete

Choose the Type of Expression

Expression Lookup Table

¥1=|Define...| Gen Treevile GT1(8195) #1 : Generator's present MW output
¥2=|Define...| Gen Treevile GT2 (8196) #£2 : Generator's present MW output
K3= Deﬁne...l Gen Treeville GT1 (8195) #1 : Generator's maximum MY limit

w4=|Define.. | Gen Treevile GT2 (8196) #2 : Generator's maximum MY limit
x5=|Define.. | Gen Treeville ST (8197) #L : Generator's maximum MY limit

w6 =|Define.. | Choose a Madel Field
x7=|Define.. | Choose a Madel Field
x8=|Define.. | Choose a Madel Field

function { x1, x2, x3, x4, x5, ¥6, x7, x8) =

w51+ 2-40) /(3 +d))

UVVOT VVUTTU UUT rJUI CALTVUTIT

Reduce the net MW output of

net MW in proportion to Max MW Gas Unit 1 and 2 by a 40 MW
(move proportional to present

output)

Mame | GT2 Run Back Value S
| Save | | Save As | | Rename | | Delete
function { x1, x2, x3, x4, x5, ¥6, x7, ¥8) =
(02 (0 1+x2)*40)
Mame |GT1 Run Back Value i
| Save | | Save As | | Rename | | Delete

function { x1, x2, x3, x4, x5, X6, X7, x8) =
(01w 1+ 2)*40)

18



Treeville RAS Control Action #1:

ModelExpression File Format

MODELEXPRESSION (Name,Type,Expression,Memo,
Objectl,x1,BlankZerol,Object2,x2,BlankZero2,
Object3,x3,BlankZero3,0bject4,x4,BlankZero4,
Object5,x5,BlankZero5,0bject6,x6,BlankZero6,
Object7,x7,BlankZero7,0bject8,x8,BlankZero8)

{
""GT1l Run Back Value™

"Gen "8195°
e e IINO LA

""GT2 Run Back Value™
"Gen "8195F
\BAAI \BAAI IINO e

ST Output After Runback"™
"Gen "8195*
"Gen "8195*
""Gen "8197°

PowerWorld Corporation

"Expression' ""-(x1/(x1+x2)*40)" "
1Tt UMW OTYES'™ Y'Gen 81967 (27 MW YES™
TEToMMOMINQ TTOTTTTOTTUTTOMINQ T oTUTTOTTTOU'NO T OTTTTOTTTUOU'NO OTTOTTIOUTUOUNO T

"Expression' "-(x2/(x1+x2)*40)" "
1T UMW OT'YEST Gen "8196° (27T MW' MYES™
THRUOTHIOMINQ 'TOotMTOTMREOMINQ MROMMRTOTTTTOTENQ UROMTMTOTTTTOUENOQ O'TOMTMTOTTTTOU'INO O

“Expression” "x5*((x1+x2-40)/(x3+x4))" **
1T UMWT UYES™ “Gen *8196° T2 MW" "'YES"

“17" UMWMax® “YES™ “Gen *8196° 27 “MWMax" *YES"
TLTTOUMWMax' TYES' T T OUNQ Tt tTotNQ ottt et eNQ

19



Treeville RAS Control Action
RemedialAction Gas Units

O

° Contingency Element Dialog sz
Choose Generator Unit 2 \ ST st e
@) Generator () Specific Device

() Load
| Switched Shunt

Choose the Element
[=] sortby @ Mame () Mumber

Model Expression for Unit 2

‘ 9783 (9783) [13.8 k] 1

Action Group 9784 (9784) [13.8 kv]

9736 (9788) [13.8kV]

9787 (9787) [13.8 kv]

9733 (9788) [13.5kv]

9791 (9791) [6.60 kv]

ysformer 9793 (9793) [6.60 kv]

981 ( 981) [345kV]

983 ( 283) [6.90 kv]

3840 (9840) [13.5kv]

@ 9841 (9841) [13.8kV]
- () 9842 (9342) [13.5 kv]

TI m e De ay ©) substatid 9960 (9960) [115 k]

9967 (9967) [115 kv]

Model Criteria points to ModelFilter

() Contingency

Same but for Steam Unit

Action Type
S 7 y
GT2Run Back Value - . MW (const pf)
() Percent

ITEEVIE W21 L 8493 |13.0 Ky

— Abort geuille GT2 L5138 Lk [Model Expression Find... ] T

() Contingency Block Treevile 5T ® §
() Mvar

o = | ) setpoint Voltage
©© Open ST Output After Runbz =

() Close

() Move ’Model Expression - [ Find... ]

Same but for Unit 1 ‘

clusion Filter: Add

S9DU | FH0U) |11 Kv]

o 9967 ( 9967) [115 kV meDelay:  120.000000 - seconds
() Contingency Black Ireevile 11 [ 8195) [13.8 KV
= = = — - Comment; Control Action #1
Action Type Amount
'.:'.' e GT1Run Back Value [ o o ] ’ Delete ] ’ X cancel ] 7 tep ]
() Close
7 Move [Model Expression - ] [ Find... ]
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Treeville RAS Control Action #1:

ModelExpression File Format

REMEDIALACTION (Name,Skip,Memo)
{

"Treeville Generation Run-Back Scheme™ "NO

}

REMEDIALACTIONELEMENT (RemedialAction,Object,Action,Criteria,
CriteriaStatus,TimeDelay, InclusionFilter,Comment)

{
"Treeville Generation Run-Back Scheme'™ "'GEN 8195'" "CHANGEBY *GT1 Run Back Value®™ MW"

"Path 1 > 95% OR Path 2 > 102%" "POSTCHECK' 120.000000 ' ' Control Action #1"

"Treeville Generation Run-Back Scheme'™ "'GEN 8196'" ""CHANGEBY *"GT2 Run Back Value®™ MW"
"Path 1 > 95% OR Path 2 > 102%' "POSTCHECK' 120.000000 ' ' Control Action #1"

"Treeville Generation Run-Back Scheme™ "GEN 8197 "SETTO "ST Output After Runback®™ MW"
"Path 1 > 95% OR Path 2 > 102%" ""POSTCHECK'™ 120.000000 "' * Control Action #1"

}
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ModelConditions

GT1 Closed

GT1 Closed

GT2 Closed

GT2 Closed

Treeville RAS:

Control Action

Time Delay
=150r20s
Time Delay: [ Open GT].

15s

Set Steam Turbine Outputs for drop of
— GT1 output (see not 3)

——— et g saw = =y

[ Open GT1

Time Delay:
20s

L__ Set Steam Turbine Outputs for drop of
GT1 output (see not 3)

— Open GT2

Time Delay:
15s
Set Steam Turbine Outputs for drop of
GT2 output (see not 4)

[ Open GT2

Time Delay:
20s

— Set Steam Turbine Outputs for drop of
GT2 output (see not 4)

PowerWorld Corporation

ModelExpressions
RemedialActions

3. 8T model expression is x 5™((x2)/( x3+x4)) where
x1=actual MW output of unit 1, x2=actual MW
output of unit 2, x3=Pmax of unit 1, x4=Pmax of
unit 2 and x5=Pmax of steam unit .

4. ST model expression is x 57((x1)/(x3+x4)) where
x1=actual MW output of unit 1, x2=actual MW
output of unit 2, x3=Pmax of unit 1, x4=Pmax of
unit 2 and x5=Pmax of steam unit .

Set Steam Turbine Outputs for drop
of GT1 output (see not 3)
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Treeville RAS Control Action #2:
ModelCondition ModelFilter

{

"GT1 Closed" "Gen
“GT1 Open™ 'Gen
" " ""Gen

}

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,DisablelfTruelnRef,Memo)

"8195" "1*" "Gen"™ "AND"™ "NO'" '*NO ** """
"8195" "1*" "Gen"™ "AND"™ "NO'" '*NO ** """
"8196" "2"" "Gen"™ "AND"™ "'NO'" '*NO ** """

"Path 1 > 800 A™ "Branch =8222*
"Path 2 > 800 A™ "Branch "10440" ®8194" "1°" "Branch'™ "AND"™ "'NO™ "NO ™ "

"8194* "1*" "Branch'™ "AND"™ NO™ "NO ™ "

MODELCONDITIONCONDITION (ModelCondition,CondNum,
ObjectField,ConditionType,Value,OtherValue,Absolute)

{

"GT1 Closed" 1 "Status" "'startswith™ "C™ """ "NO "
"GT1 Open™ 1 "Status'" "'startswith™ 0™ " "NO "
" ' 1 "Status" "'startswith™ "C™ """ "NO "
"Path 1 > 800 A"™ 1 "AmpsMax™ ''>'" ''800" """ "NO ™

"Path 2 > 800 A"™ 1 "AmpsMax™ ''>'" ''800" """ "NO ™

}

{
"Path 1 Unit 1" "AND"

“"Path 2 Unit 1' "AND"

“"Path 1 Unit 2' "AND"

"Path 2 Unit 2' "AND"
}

MODELFILTER (Name,Logic,Memo)

PowerWorld Corporation

MODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)

{

"Path 1 Unit 1" 1 "GT1 Closed" "
“"Path 1 Unit 1" 2 "Path 1 > 800 A™ ***
“"Path 2 Unit 1" 1 "GT1l Closed” "
"Path 2 Unit 1" 2 "Path 2 > 800 A™ ***
“"Path 1 Unit 2" 1 "GT1 Open "
“"Path 1 Unit 2" 2 * " e
“"Path 1 Unit 2 3 "Path 1 > 800 A™ ***
“"Path 2 Unit 2" 1 "GT1 Open™ e
"Path 2 Unit 2" 2 ™ " e
"Path 2 Unit 2" 3 "Path 2 > 800 A™ ™"
}
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Treeville

ModelExpression, RemedialAction

MODELEXPRESSION (Name,Type,Expression,M
BlankZero3,0bject4,x4,BlankZero4,0bj

2

RAS Control Action

emo,Objectl,x1,BlankZerol,Object2,x2,BlankZero2,0bject3,x3,
ect5,x5,BlankZero5,0bject6,x6,BlankZero6,

Object7,x7,BlankZero7,0bject8,x8,BlankZero8)

{

ST Output for GT1 Outage"™ "Expression’
""Gen "8195" "17" MW"
"Gen "8195" "1 ""MWMax'
""Gen "81977 "L ""MWMax'

ST Output for GT2 Outage"™ "Expression’
""Gen "8195" "17" MW"
""Gen "8195" "1 ""MWMax'
""Gen "81977 "L ""MWMax'

¥
REMEDIALACTION (Name,Skip,Memo)
"Treeville Generation Run-Back Scheme"

3
REMEDIALACTIONELEMENT (RemedialAction,O
Comment)

{

"Treeville Generation Run-Back Scheme"
"Path 1 Unit 1" "POSTCHECK"
Generation Run-Back Scheme"
"Path 1 Unit 1" ""POSTCHECK"
Generation Run-Back Scheme"
"Path 2 Unit 1" "POSTCHECK"
Generation Run-Back Scheme"
"Path 2 Unit 1™ "POSTCHECK"
Generation Run-Back Scheme"
"Path 1 Unit 2" "POSTCHECK"
Generation Run-Back Scheme"
"Path 1 Unit 2" "POSTCHECK"
Generation Run-Back Scheme"
"Path 2 Unit 2" "POSTCHECK"
Generation Run-Back Scheme"
“"Path 2 Unit 2" "POSTCHECK"

"Treeville
"Treeville
"Treeville
"Treeville
"Treeville
"Treeville

"Treeville

}
PowerWorld Corporation

UX5F((x2)/ (X3+x4))™

"YES™ "Gen "8196% "2°' MW" "YES™
"YES™ "Gen "8196" "2°' "MWMax' "'YES"
YES™ fTOTTTOMINO OTTOTTTTOMTTOMNO T OTTTOMTTOUNO M
UX5F((X1)/ (X3+x4))™

"YES™ ""Gen "8196% "2°' "MwW*“ "YES™
"YES™ "Gen "8196" "2°' "MWMax' "'YES"
YYES™ fTOTTTOMINO OTTOTTTTOMTTOMNO T OTTTTOMTTOMNO M

"NO Tt

bject,Action,Criteria,CriteriaStatus,TimeDelay, InclusionFilter,

"GEN 8195 1' "OPEN"

15.000000 *** "*Control Action #2A"

"GEN 8196 2" "OPEN"

15.000000 *** "*Control Action #2A"

"GEN 8195 1" "OPEN"

20.000000 **** *""Control Action #2B"

"GEN 8196 2" "OPEN"

20.000000 **** *"*Control Action #2B*

"GEN 8197" "“"SETTO *ST Output for GT1 Outage®™ Mw"
15.000000 "** "Control Action #2A"

"GEN 8197" “"SETTO *ST Output for GT2 Outage®™ Mw"
15.000000 **** **Control Action #2A"

"GEN 8197" “"SETTO *"ST Output for GT1 Outage®™ MW"
20.000000 **** "*Control Action #2B"

"“"GEN 8197" “"SETTO *"ST Output for GT2 Outage®™ MW"
20.000000 **** "*Control Action #2B"
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Treeville RAS:

Control Action #3
Time Delay=0,48 or 90 s

Control Action #3A
Time Delay: 48s

Control Action #3B - Open GT1
Time Delay: 90s \
Open GT2
\ N\ - 1]
) Open ST
f / Control Action #3C
Time Delay: 0s

Path 1D to 1E > 100 % — _ RemedialActions

ModelConditions

PowerWorld Corporation 25



Treeville RAS Control Action #2:
ModelCondition ModelFilter

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,DisablelfTruelnRef,Memo)
{
"Path 1 > 800 A" "Branch "8222" "8194" "1"'" "Branch'™ "AND'™ "NO" "NO " "'
"Path 2 > 800 A" "Branch "10440" "8194" "1"" "Branch'™ "AND'" "'NO™ "NO " ™"
"Path 1A to 1B > 100%'" "Branch "8222" "8226" "1"'" "Branch'™ "AND"™ "NO'™ "NO " "
"Path 1B to 1C > 100%" "Branch "8215" "8226" "1"'" "Branch'"™ "AND"™ "NO'" ' NO " ™"
"Path 1C to 1D > 100%" "Branch "8201" "8215" "1"" "Branch'™ "AND"™ "NO™ "NO " """
" " "Branch "8201" "8223" "1"" "Branch™ "AND" "NO' 'NO " "™
}
MODELCONDITIONCONDITION (ModelCondition,CondNum,
ObjectField,ConditionType,Value,OtherValue,Absolute)

{

"Path 1 > 800 A™ 1 "AmpsMax' "'>'" *"800™ """ "NO " -

“Path 2 > 800 A" 1 "AmpsMax™ ">" 800" " "NO MODELFILTER (Name,Logic,Memo)

"Path 1A to 1B > 100%™ 1 "Percent'™ ''>'" '"100" """ "NO " {

"Path 1B to 1C > 100%" 1 "Percent” ">=" 100" ™" "No " | _Path 1 > 100%™ "OR™ ™

"Path 1C to 1D > 100%™ 1 "Percent™ ''>=" "100" """ "NO " }

" " 1 “Percent” ">=" 100" " "NO "' MODELFILTERCONDITION

3 (ModelFilter,CondNum,Criteria,Logic)
{
"Path 1 > 100%" 1 "Path 1A to 1B > 100%™ "
"Path 1 > 100%'" 2 "Path 1B to 1C > 100%™ "
"Path 1 > 100%" 3 *"Path 1C to 1D > 100%™ "
“"Path 1 > 100%" 4 ™ e
¥
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Treeville RAS Control Action #2:
ModelExpression, RemedialAction

REMEDIALACTION (Name,Skip,Memo) .
{

"Treeville Generation Run-Back Scheme™ "NO

}
REMEDIALACTIONELEMENT (RemedialAction,Object,Action,

Criteria,CriteriaStatus,TimeDelay, InclusionFilter,Comment)

{

// Trip GT1

"Treeville Generation Run-Back Scheme' ""BRANCH 8195 8194 1' "OPEN" "Path 1 > 800 A™
"POSTCHECK" 90.000000 '*'" "Control Action #3B"

"Treeville Generation Run-Back Scheme' ""BRANCH 8195 8194 1' "OPEN" "Path 2 > 800 A"
"POSTCHECK" 48.000000 '*'" "Control Action #3A"

"Treeville Generation Run-Back Scheme' ""BRANCH 8195 8194 1" "OPEN" "Path 1 > 100%"
"POSTCHECK"™ O "' "Control Action #3C"

// Trip GT2

"Treeville Generation Run-Back Scheme' ""BRANCH 8196 8194 1' "OPEN" "Path 1 > 800 A"
"POSTCHECK" 90.000000 '*'* "Control Action #3B"

"Treeville Generation Run-Back Scheme' ""BRANCH 8196 8194 1' "OPEN" "Path 2 > 800 A"
"POSTCHECK" 48.000000 '*'* "Control Action #3A"

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8196 8194 1' "OPEN" "Path 1 > 100%"
"POSTCHECK" O "' "Control Action #3C"

// Trip ST

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8197 8194 1" "OPEN" "Path 1 > 800 A"
"POSTCHECK" 90.000000 '**'* "Control Action #3B"

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8197 8194 1" "OPEN" "Path 2 > 800 A"
"POSTCHECK" 48.000000 '*'" "Control Action #3A"

"Treeville Generation Run-Back Scheme'™ ""BRANCH 8197 8194 1 "OPEN" "Path 1 > 100%"
"POSTCHECK" O "' "Control Action #3C"

3
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Treeville RAS:
Note On Time Delay Parameter

e For the Treeville RAS actions, there are time-delays
assigned which are important

e Time Delays are associated with monitoring current on
two branches leaving Treeville
— Action #1: 120 seconds for 102% overload

— Action #2: 15 or 20 seconds for over 800 Amps then trip
only one gas plant (and modify steam)

— Action #3: 48 or 90 seconds for over 800 Amps then trip
both gas plants and steam plants

e Need to do Action #2 first which trips only one
generator

— That may make unnecessary Action #3 which trips all the
generators at Treeville

e Details Matter!
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Example #2: Double Line Outage

with Generation Dropping

e Consider system below

. Bia Gen North
Drop Generation for loss of 5878 MAA OvalOffice

one line to OvalOffice

BioGens
B M @966”1
N Q(QStream
l 7/ M\N
I-w Bluehil
By BioGen2

o 592 MW heiostup
ol BipGena < éww
Bse?w”w’“a@il_i 679 MW Yy
oMW — Vallev

PowerWorld Corporation 29



BigGens to OvalOffice Gen Drop

e RAS s triggered when BigGiens - OvalOffce
. . ircuit 1 Open Trigger BigGens to
el-ther of lines from. igGens - Ovalofice Duioffice Gen Drop
BigGens to OvalOffice are  circuit2 open
opened by the contingency

— If one line is out in the initial system
(for example for maintenance), the
RAS will also trigger if the second line
is opened during the contingency

e When the RAS is triggered, it will
trip generation from the 3 MW Flow Change

BigGens units based on a lookup 0 0
table which is a function of MW 3000 -500
flow on the interface “Big Gen 4000 -1200
North” 5000 -2000
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BigGens to OvalOffice Gen Drop:

ModelCondition Dialog

Define Model Conditions

[=]  EX

o |

Branch

Choose
Branch

y 4

Condition
for Branch

Model Condition Name

Meets the filter below [

[Branch

[BigGens to OvalOffice 1 Opened

-] |

[ Save ] [ Save As ] [ Rename ]

[~ Evaluate in Continaency Reference State
‘ Dizable if True in Contingency Reference 5ta &

Type - /-Elemﬁlé [Brand’1

4

[*] 49950 entries
[+] Sortby @ Mame () Mumber

Disable if TRUE in Contingency
Reference State

Filter [#.dvanced - ][Branch - ][

Usz Arsz/Zone Fikers [ Cruick ][ Define ][ Remove ]
x] [ searchmext || Searchal |
You can use wildcard characters * or ?

BlgGens ( 12:33) TO BlgGen3 ( 1230) cr:r1 [suo ku] [24c|ku]

.E@ !! TD Dlrziofﬁce 9690(1'1 k_\!l k_\l'l

BlgGens ( 12:33) TO UpStream ( 1303) CKT 1 [sou kv]- [sou kv]
BiaGens { 1283) TO Vallev { 35031 CKT 1 500 kv1- 1500 kvl

SetFilter Same As |

)

["| Pre-filter using Area/Zone/Owner Filters

Select Filter Type

Logical Comparison

Enabled (normally checked) @ AND OR Mot AND | MotOR
Condition 1
Status ~ | string starts with vl o] [ case
[l use Another Filter Sens.
Add == Delete ... [ | Enable Field to Field Comparisons
[ W OK l [ ? Help ] ’ X cancel ]

PowerWorld Corporation
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BigGens to OvalOffice Gen Drop:
ModelFilter Dialog

Filter Conditions e

Filter Mame ane Of BigGens to OwalOffice Opened v]

[ Save As ] [ Rename ] | View Filter Logic

ical Compas
() AND @ OR (I Mot AND () Mot OR

o TM0OEl Condion 1
List of M odel BigGens to OvalOffice 1 Opened » (@ Condition | () Filter [ |Not

Model Condition 2

Cond Iitions BigGens to OvalOffice 2 Opened ~ (@) Condition | Filter [ |Not

OR Logic —_

[ Add == ] Lgelete ] [ Modify Model Conditions ]

[ Zoc] [ 2 ] [Rsed]
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Disable if TRUE in Contingency
Reference State Meaning

e |If both lines are inservice then logic looks like

BigGens — OvalOffice
Circuit 1 Open

Trigger BigGens to

BigGens — OvalOffice OvalOffice Gen Drop

Circuit 2 Open

e |If only circuit 1 is inservice then logic changes to
BigGens — OvalOffice
Circuit 1 Open Trigger BigGens to

Input ignore OvalOffice Gen Drop
because “disabled”

e If both lines are out of service then all inputs to the model filter
are all “disabled” and thus it’s output is considered “Disabled”

— If the model filter is fed into another filter that input is disabled
— If model filter is used directly, it returns FALSE

Both inputs ignore ><
because “disabled” ><
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BigGens to OvalOffice Gen Drop:
ModelCondition, ModelFilter File

MODELCONDITION (Name,Object,FilterObjectType,FilterLogic,EvaluatelnRef,DisablelfTruelnRef,Memo)

{

"BigGens to OvalOffice 1 Opened"™ "Branch "1283" "989" "1"" "Branch' "AND" "NO" "YES' "

"BigGens to OvalOffice 2 Opened" "Branch "1283" "989* "2"" "Branch' "AND" "'NO' "YES"™ ™"

}

MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,ConditionType,Value,
OtherValue,Absolute)

iBigGens to OvalOffice 1 Opened™ 1 "Status'™ "startswith™ 0™ ' "NO "
"BigGens to OvalOffice 2 Opened"™ 1 "'Status'™ "startswith™ 0™ ' "NO "
§ODELFILTER (Name, Logic,Memo)

iOne Of BigGens to OvalOffice Opened™ "OR™ "

&ODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)

{

"One OF BigGens to OvalOffice Opened™ 1 "BigGens to OvalOffice 1 Opened™ ™"
"One OF BigGens to OvalOffice Opened™ 2 "BigGens to OvalOffice 2 Opened™ ™"

}
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Different Logic for Reference
State Outage

e What if RAS should only be triggered if both
lines are in service initially?

— Thus if one was out in the reference state you
would not trigger the RAS

Evaluate in Contingency Reference State

[®) Define Model Conditions o = =

Model Condition Name fagGens to OvalCffice 1 Opened
ﬁvz: .Sa.n.we.hs. [Rzname_! | Delste |
7! Evaluate in Contingency Reference State |
Dizabie if True in Conbngency Reference State

BigGens — OvalOffice

Circuit 1 Closed in Reference
BigGens — OvalOffice
Circuit 2 Closed in Reference \
BigGens — OvalOffice I)ng?ce);f.mgGGensl;o
Circuit 1 Open vaitiifice Gen Lrop
BigGens — OvalOffice

PowerWorld Corporation Circuit 2 Open
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Different Logic for Reference
State Outage: File Format

MODELCONDITION (Name,Object,FiIterObjectType,FiIterLogic,EvaluatelnRef,DisabIeIfTruelnRef,Memo;

{

"BigGens to OvalOffice 1 ClosedRef" "Branch "1283" "989" "1"'" "Branch"™ '"AND'™ "YES' "NO"™ '

"BigGens to OvalOffice 2 ClosedRef"™ "Branch "1283" 989" "2"" "Branch™ "AND"™ "YES"™ *"NO™ "

"BigGens to OvalOffice 1 Opened" "Branch "1283" "989" "1"" "Branch'™ "AND"™ "'NO™ "YES" "'

"BigGens to OvalOffice 2 Opened™ "Branch "1283" ®989" "2"" "Branch"™ "AND" *NO' *"YES™" "

by

MODELCONDITIONCONDITION (ModelCondition,CondNum,ObjectField,ConditionType,Value,
OtherValue,Absolute)

{

"BigGens to OvalOffice 1 ClosedRef" 1 '"Status™ "'startswith™ "C" """ "NO "
"BigGens to OvalOffice 2 ClosedRef™ 1 "Status™ "'startswith™ "C" "™ "NO "
"BigGens to OvalOffice 1 Opened™ 1 "Status™ "startswith™ 0" "™ "NO "
"BigGens to OvalOffice 2 Opened™ 1 ""Status' "'startswith™ 0™ " "NO "
by

MODELFILTER (Name,Logic,Memo)

{

"One Of BigGens to OvalOffice Opened™ "OR™ "
"NewFilterName'™ "OR"™ "

}
MODELFILTERCONDITION (ModelFilter,CondNum,Criteria,Logic)

{
"One Of BigGens to OvalOffice Opened™ 1 "BigGens to OvalOffice 1 Opened™ '
"One OF BigGens to OvalOffice Opened"™ 1 "BigGens to OvalOffice 2 Opened™ "

"NewFilterName' 1 "BigGens to OvalOffice 1 ClosedRef" "™
"NewFilterName" 2 "BigGens to OvalOffice 2 ClosedRef"" """
"NewFilterName" 3 "One Of BigGens to OvalOffice Opened™ "
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Implementing Gen Drop:
Lookup Table,Model Expression

1D Lookup Table using a ModelExpression

Define Model Expressions = = 22
Mame [BigGen Drop Lookup ~
Choose 1D or ZD Iookup | save | | saveas | | Remame | | Delete |
\ Choose the Type of Expression
L Expression lm
-— \ L_ookup = Mumber of x1 Points 4=
X1 = MW Flow on © 10 Lockp
. o () 2D Lookup 1=
Inte rfa ceB Ig Gen No rth = x1=|Define...| Interface Big Gen North (501) : MW Flow
Define...| |Choose a Model Field
Big Gen North | Generation
PR o rable | [
g 0.0000 0,0000
0 0 S| *=| 30000000 -500.0000
4000.0000  -1200,0000
3000 -500 5000.0000 -2000,0000

4000 -1200

5000 -2000 v
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Injection Group Load Dropping

* First you must define an Injection Group

Injection Groups

= =] £
Name —
M : )| # Gens 3 % MW/ Gen Part. 100,00
MGEHS v] E]
# Loads 0 % MW Load Part. 0.00
| New.. | | save || Delete | | Rename | = shunts 0 %MVR Load Part.  0.00

% MVR Shunt Part.  0.00

Participation Paints | Custom |

[ Insert Points ] {or right-dick to insert or delete points)

List of

m % "'||" f.;.'g ;':'_3 ﬁ ﬁln Records = Set = Columns = * H.E* "l"aﬁr@* Area/Zone/Owner Filters... %* i%ﬁ fix) - ﬁ
Pa rt|C|pat|0n T~| | PointType | Number | Name | ID | AutoCalc? | Initial Value | ParFac ‘
Points 1/GEN 1228 [BigGenl |1 NO SPECIFIED 1.00
2| GEN 1229 BigGen2 1 MO SPECIFIED 2.00
3| GEN 1230 BigGen3 1 MO SPECIFIED 3.00

? Help ]JK ] ’ XCan::eI]
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BigGens to OvalOffice Gen Drop:
ModelExpression, InjectionGroup

MODELEXPRESSION (Name,Type,Expression,Memo,
Objectl,x1,BlankZerol,Object2,x2,BlankZero2,0bject3,x3,BlankZero3,
Object4,x4,BlankZero4,0bject5,x5,BlankZero5,0bject6,x6,BlankZero6,
Object7,x7,BlankZero7,0bject8,x8,BlankZero8)

{

"BigGen Drop Lookup'™ *‘Lookup

"Interface "Big Gen North"" MW" "YES"

""""" NO ** ™ "™ *NO " " '™ "NO " " ' "NO "
""""" NO ** ™ "™ *™NO " ™™ "™ "NO "
<SUBDATA LookupTable> -
s E— Model Expression
0.0 0.0

3000.0 -500.0
4000.0 -1200.0
5000.0 -2000.0

</SUBDATA>
by
;NJECTIONGROUP (Name) Injectlon Group
"BigGens"
by
PARTPOINT (GroupName,Object,AutoCalcMethod,PartFact,AutoCalc)
{

"BigGens" "Gen "1228" "1"" "SPECIFIED"™ 1.00000 "NO ™
"BigGens' "Gen "1229" "1°" "SPECIFIED"™ 2.00000 "NO ™
"BigGens" "Gen "1230" "1°" "SPECIFIED™ 3.00000 "NO ™

PowerWorld Corporation
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Details, Details, Details:
Gen Tripping using Lookup Table

e RAS will refer to an Injection Group to do generation (or load)
tripping
— Tripping is done in the order of highest participation factor as
assigned by PartPoints in injection group

e Trip based on Lookup table... Details matter

— When should lookup calculation be done?

e Often “gen drop arming levels” are based on system conditions before
any event happens

e Must base calculation on the Reference State as the interface flows may
change during the contingency solution process

— Tripping is done one unit at a time

e Ordering is done using an injection group using “
— Choice

e Do not EXCEED amount of lookup table

e Allow to EXCEED amount

e In this example it may be that the double line outage results in
unsolvable power flow solution 2 TOPOLOGYCHECK

V4
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BigGens to OvalOffice Gen Drop:
RemedialAction

Contingency Element Dialeg &3
IfELernent Type Choose the Element
(L Branch [+] Sort by @ Name () Mumber

() Generator
) Load

Choose Injection Group e E

() Bus
() Interface
(@) Injection Group I

() Multi-Section Line
(") Series Capaditor

Fibmmm O

Change by ModelExpressi& .
-\E;gz:\ BigGen Drop Lockup  w :; :I:cent
REfe re n Ce - Move [Model Dxression v] [ e ] UUse Merit Order

\ D [/ Evaluate in Reference state e
Open in Merit Order

S———— e
Do Not Exceed Amount
CriteriaStatus =
TOPOLOGYCHECK 7 i s 2]

Model Criteria points (Zo] ] e (7]
to ModelFilter
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BigGens to OvalOffice Gen Drop:
ModelExpression, InjectionGroup

REMEDIALACTION (Name,Skip,Memo)

{
"BigGen OvalOffice Gen Drop™ "NO ' "™

}

REMEDIALACTIONELEMENT (RemedialAction,Object,Action,
Criteria,CriteriaStatus,TimeDelay, InclusionFilter,Comment)
{

"BigGen OvalOffice Gen Drop"

"INJECTIONGROUP "BigGens™"

""CHANGEBY "BigGen Drop Lookup® MWMERITORDEROPEN REF"

"Both BigGens to OvalOffice Opened" "TOPOLOGYCHECK™ O ** "'

}
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TOPOLOGYCHECK
Criteria based on Status Only

e Persistent problem in contingency runs when using RAS

— RAS is configured to open 2,000 MW of generation when
Line X trips

— Before 2012, this was achieved by configuring a POSTCHECK
action that looks at the branch status and trips generation if
the branch is out of service

— Works most of the time, but...

— What if the outage of Line X results in an unsolvable steady
state power flow solution?

e Basically means that the RAS scheme is actually preventing a
voltage collapse from occurring

e This means that the POSTCHECK action is never evaluated
because the power flow solution failed.

e Solution: TOPOLOGYCHECK actions
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Summary

e Communication

— Develop relationships with folks in your company
who maintain RAS and Relays

— Communicate across utilities and WECC members

e Fundamental pieces of RAS are simple

— But... the details of how they are put together are
very particular

— And... these details matter

e RAS file format structure is being maintained
incrementally by PowerWorld
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