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Modeling RAS & SPS
• Tracy Rolstad

– Utility System Efficiencies, Inc
• www.useconsulting.com
• tracyrolstad@useconsulting.com
• (360) 513-4227

– Remedial Action Schemes (RAS)
• also known as Special Protection Schemes
• fast acting controls that insure adequate power 

system performance for contingencies
• allow for “brinkmanship” operation
• provide a substitute for “wires in the air”
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Remedial Action Schemes
• RAS

– Consists of the following
• Gen tripping, load tripping, DC tie tripping, line 

tripping, reactive switching, etc

– Usually armed by pre-contingency operation  
past some setpoint

• Tested for by boolean logic and if-then filters

– May operate in a post contingency environment
• Overcurrent line relays, undervoltage load shedding, 

etc
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RAS in the WECC
• Hydro rich system

– Tends to have excess generation in NW
– For line loss gen tripping is the norm

• Gen tripping for single line loss
– can be as high as 2800 MW for N-1
– RAS controllers are redundant
– RAS communications are redundant
– RAS is fast (<8 cycles)
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Contingency Analysis 
• Outstanding tool within Simulator

– Models nearly ALL aspects of contingency 
operations (N-1, N-2, RAS, etc)

– Allows for:
• model conditions (if-then testing)
• model filters (boolean logic on model conditions)
• model expressions (equation based RAS)
• “governor” powerflow (makeup power for gen 

tripping)
• bus load “throwover” (load switching)
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Hatwai-Dworshak 500 kV

Noxon Gen

Low Gran GenLow Mon Gen Lit Goos Gen

Dwor Gen

West of Hatwai

Lancaster Gen

Bell Load

w/o Id

TAFT
530.9 kV
106.8 Deg

HOT SPR
535.5 kV
107.7 Deg

DWORSHAK
530.9 kV
106.6 Deg

HATWAI
520.6 kV
 41.8 Deg

DWOR 2DWOR 3 DWOR 1

    48 MW
   173 Mvar

AHSAHKA

   272 MW
   -19 Mvar

RATTLE S
 235.2 kV
 109.9 Deg

PTRSNFLT
 220.9 kV
  91.7 Deg

  159 M
    6 M

AMPS

  -234 MW
    64 Mvar

    33 MW
     4 Mvar

    84 MW
   -10 Mvar

B

 234.4 kV
  43.6 Deg

LOW GRAN
535.1 kV
 40.5 Deg

LIT GOOS
539.7 kV
 39.7 Deg

LOW MON
541.0 kV
 38.9 Deg

   0 MW
   0 Mvar

 302 MW
-458 Mvar

 224 MW
-185 Mvar

 220 MW
-182 Mvar

 303 MW
 -95 Mvar   -302 MW

   458 Mvar

MOSCOW
 218.0 kV
  53.5 Deg

LOLO
 233.1 kV
  43.0 Deg

N LEWIST
 234.1 kV
  42.6 Deg

 -25 MW
 -75 Mvar

  96 MW
 -25 Mvar

 655 MW
 -27 Mvar

    86 MW

   189 MW
    -2 Mvar

WALA AVA

SHAWNEE
 234.4 kV
  42.1 Deg

    92 MW
   -28 Mvar

   -16 MW
    -1 Mvar

BENEWAH
 213.9 kV
  80.4 Deg

   623 MW
    49 Mvar

HOT SPR
 235.7 kV
 108.7 Deg

0.9762 tap

DIXON
 235.6 kV
 109.1 Deg  

 

  15 Mvar

   -18 MW
     0 Mvar

  -149 MW
   -15 Mvar

1.0476 tap

NOXON
 238.7 kV
 106.7 Deg

  0.0 De

   -34 MW
     7 Mvar

    8 Mvar     0 MW
     0 Mvar

PINE CRK
 221.9 kV
  96.0 Deg

394 MW

237.8 kV
 103.2 Deg

143 MW

LANCASTR
 235.2 kV
  96.2 Deg

LAKEVIEW
 229.6 kV
  95.0 Deg

RATHDRUM
 226.0 kV
  87.9 Deg

   368 MW
    78 Mvar

   28 MW
    -7 Mvar

   311 MW
   105 Mvar

143 MW 143 MW

226 MW

118.8 kV
 102.4 Deg

  -235 MW
    23 Mvar

   386 MW
    45 Mvar

    27 MW
    -8 Mvar

BELL S1

BELL S2

BELL S3

BELL BPA

BEACON N

   161 MW
    -6 Mvar

 234.6 kV
  87.7 Deg

   149 MW

BEACON S

 235.4 kV
  91.5 Deg

 231.4 kV
  86.9 Deg

 231.3 kV
  86.9 Deg

     0 MW
     0 Mvar

     0 MW
     0 Mvar

 493.9 kV
  93.6 Deg

     0 MW
     0 Mvar

     0 MW
     0 Mvar

W
ar

HATWAI

1998 MW

MW
Mvar

565 MW
-146 Mv

565 MW
-146 Mv

255 MW

?????

   -67 MW
    -4 Mvar

   172 MW
    15 Mvar

 281 MW
 -87 Mvar

   600 MW
  -270 Mvar

    95 MW
    37 Mvar

     0 MW
     0 Mvar

    48 MW
     2 Mvar

BELL B&1
 -1207 MW
  -254 Mvar
1.0000 tap

W
var

?????

    38 MW
   -71 Mvar

OTIS

   164 MW
     2 Mvar

   117 MW
   127 Mvar

 95%
A

Amps

142%
A

MVA

420%
A

Amps

186%
A

MVA

186%
A

Amps

140%
A

Amps

100%
A

Amps

145%
A

Amps

101%
A

MVA



II-C-6

Contingency Syntax
//--------------------------------------------------------------------------------
// THE FOLLOWING SECTION CONTAINS A DESCRIPTION OF THE CONTINGENCY RECORDS.
//--------------------------------------------------------------------------------
DATA (CONTINGENCY, [CTGLabel,CTGSkip,CTGProc,CTGSolved,LoadMW,QVAutoplot])
{
"01 (N-1): Dworshak - Hatwai 500 kV (no RAS)" "NO " "YES" "YES"  0.000 "NO "

<SUBDATA CTGElement>
"BRANCH 40369 40521 1  OPEN" "" CHECK

</SUBDATA>
"02 (N-1): Dworshak - Hatwai 500 kV (w/RAS)" "NO " "YES" "YES"  0.000 "NO "

<SUBDATA CTGElement>
"BRANCH 40369 40521 1  OPEN" "" ALWAYS
"CTGELEMENTBLOCK 'Dworshak RAS (gen trip & brkr opening)'" "" ALWAYS
"CTGELEMENTBLOCK 'Libby Gen Trip (units 1-5)'" "WMH > 700" CHECK
"CTGELEMENTBLOCK 'Garrison Reactor trip (1 in service)'" "" ALWAYS
"CTGELEMENTBLOCK 'Miles City DC tie tripping'" "MT TO NW > 1400" CHECK
"CTGELEMENTBLOCK 'Noxon Gen Trip (units 1-4)'" "WMH > 1300" CHECK
"CTGELEMENTBLOCK 'Lancaster Gen Trip'" "" ALWAYS
"CTGELEMENTBLOCK 'Benewah - Moscow 230 kV line trip (AVA)'" "Benewah - Moscow 230 > 100%" POSTCHECK
"GEN 62048 1  OPEN" "" NEVER //Large Unit Colstrip Trip

</SUBDATA>
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Model Condition Syntax

// THE FOLLOWING MODEL CONDITIONS ARE NEEDED BY THE CONTINGENCY RECORDS WHICH FOLLOW
DATA (MODELCONDITION, [ObjectType,WhoAmI,WhoAmI:1,FilterName,FilterLogic,FilterPre,MeetsCriteria])
{
"Interface" "Interface<KEY1>West MT Hydro</KEY1>" "Interface West MT Hydro (192)" "WMH > 700" "AND" "YES" "YES"

<SUBDATA Condition>
FGMW >= 700.00000

</SUBDATA>
"Interface" "Interface<KEY1>MONTANA-NW</KEY1>" "Interface MONTANA-NW (8)" "MT TO NW > 1400" "AND" "YES" "YES"

<SUBDATA Condition>
FGMW >= 1400.00000

</SUBDATA>
"Interface" "Interface<KEY1>West MT Hydro</KEY1>" "Interface West MT Hydro (192)" "WMH > 1300" "AND" "YES" "NO "

<SUBDATA Condition>
FGMW >= 1300.00000

</SUBDATA>
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Contingency Block Syntax

//--------------------------------------------------------------------------------
// THE FOLLOWING SECTION CONTAINS A DESCRIPTION OF THE CONTINGENCY BLOCK RECORDS.
//--------------------------------------------------------------------------------
DATA (CTGELEMENTBLOCK, [CTGLabel,CTGSkip])
{
"Libby Gen Trip (units 1-5)" "NO "

<SUBDATA CTGElement>
"GEN 40653 1  OPEN" "" ALWAYS //Tripped if WMH > 700 MW
"GEN 40653 2  OPEN" "" ALWAYS //Tripped if WMH > 700 MW
"GEN 40653 3  OPEN" "" ALWAYS //Tripped if WMH > 700 MW
"GEN 40653 4  OPEN" "" ALWAYS //Tripped if WMH > 700 MW
"GEN 40653 5  OPEN" "" ALWAYS //Tripped if WMH > 700 MW

</SUBDATA>
"Dworshak RAS (gen trip & brkr opening)" "NO "

<SUBDATA CTGElement>
"BRANCH 40361 40363 1  OPEN" "" ALWAYS //USACOE XJ-J sectionalizing breaker
"GEN 40363 1  OPEN" "" ALWAYS
"GEN 40365 1  OPEN" "" ALWAYS

</SUBDATA>
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Contingency Reporting
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Demo
• Ctg DEMO
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Suggestions
• Tips for using Contingency Anaylsis

– Map out logic first 
– Use standard naming convention

• 01 (N-1) Dworshak - Hatwai 500 kV (BPA)

– Use RAS blocks 
• helpful for multiple use of RAS 

– Comment freely
– Pay attention to “unlinked elements”

• shows up when using ctg *.aux file on new case
– new bus numbers or bus names
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Questions


