Probabilistic Load Flow Models M1 and M2

Transmission Detail Versus Generation Detail
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Generation Detail

Transmission Contingencies Leading To Load Shedding
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The FAULT.DBF data base at the ECC shows total autotransformer forced outage hours are 10061 hours through the end of August 1996.  The total hours all autotransformers have been in service is:

Auto Energized  Days

---- --------- -----

MC    5/ 1/69   9983

KB    6/ 1/71   9222 (best estimate)

ATP1 11/ 1/74   7973   "      "

BU    4/20/81   5611

LY    8/11/81   5498

NL    1/ 1/85   3894   "      "

ATP2  6/22/90   2261

SP    4/12/96    140

               -----

Total          44582 x 24 = 1069968 auto service hours

The auto FOR = auto outage hours / total service hours of all autos.

The auto FOR =    10061 / 1069968 = .0094

The FAULT.DBF data base has transmission lines outaged for 125 hours since January 1995 (20 months).  There are 75 COA transmission lines on the one-line diagram posted by ECC.

The transmission line FOR = 125/(8760x1.666x75) = .00011

Autotransformer   FOR = .0094   ~  1%

(4%  is recommended in studies)

Transmission line FOR = .00011  ~ .01%

(.1% is recommended in studies)

Transmission Contingencies Leading To Load Shedding

Number of Cases To Run For A 75 Line System (FOR=.001)
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Autotransformer Outages Leading To Load Shedding

Number of Cases To Run For 10 Autotransformers (FOR=.04)
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M1 (Model 1) Methodology

When PLF runs an M1 contingency, one or more of these outcomes can occur:












    Loss Of Load Indicator
1) 
line & transformer loads > 100%
(MW of line overload),

2) 
bus voltages < .9
 



(MW substation load),

3) 
system separation and


(MW in line removed),

 
isolated buses, 




(MW on isolated buses)

4) 
no problems





(No MW impact)

--------------------------------------------------------------------------------------------------------------------------

Each M1 contingency has an expected annual hours of exposure that is multiplied times the MW result of the contingency to approximate the energy content of the load shedding(s).

M1 Base Case Output Reports
· listing of the INPUT file data

· input data information; # buses, # lines, etc.

· load flow base case solution convergence process

· area summary report giving generation, load, losses, and interchanges

· highest loaded circuits >100% sorted in descending order of loading

· lowest voltages report sorted in ascending order of voltage

· highest voltages report sorted in descending order of voltage

· greatest change in bus voltage report from the initial voltages

· generator buses not meeting specified regulation voltage

· generator reactive outside range

· voltage controlling autotransformers not meeting spec min - max voltage

· autotransformer reactive power to rating ratio

· largest change in autotransformer taps

· area to area direction connection power interchange report

· detailed (POUT) output report showing all bus and line flow information

· zipflow single circuit outages report

M1 Contingencies Output Reports
(Examples Are Shown)
 BEGIN RUN   24

 DOUBLE OUTAGES OF AUTOS 10 - 11 AND 10 - 12

 change:    10   11  2  0 1 2  0.002300   0.083900  0.00000   400   600   51...

     to: *  10   11  2  0 1 2  0.002300   0.083900  0.00000   400   600   51...

 change:    10   12  2  0 1 2  0.002300   0.083900  0.00000   400   600   51...

     to: *  10   12  2  0 1 2  0.002300   0.083900  0.00000   400   600   51...

 voltage fell below .5 pu at bus      5 in  14 iter

 HIGHEST LOADED CIRCUITS SUMMARY REPORT:

      5 LOAD BS5 138  -to-    10 A1 TIE10 138   Ratg=  208   Pct Load= 482.6

      3 A1 TIE 3 138  -to-     9 A1 TIE 9 138   Ratg=  208   Pct Load= 375.9

      4 LOAD BS4 138  -to-     9 A1 TIE 9 138   Ratg=  208   Pct Load= 354.6

      3 A1 TIE 3 138  -to-    24 A2 TIE24 230   Ratg=  510   Pct Load= 190.9

      2 CT&COAL2 138  -to-     6 REACTOR  138   Ratg=  208   Pct Load= 248.8

      8 LOAD BS8 138  -to-     9 A1 TIE 9 138   Ratg=  208   Pct Load= 201.9

      1 CT&COAL1 138  -to-     5 LOAD BS5 138   Ratg=  208   Pct Load= 121.6

      9 A1 TIE 9 138  -to-    12 A2 TIE12 230   Ratg=  510   Pct Load= 108.3

      9 A1 TIE 9 138  -to-    11 A2 TIE11 230   Ratg=  510   Pct Load= 104.7

 GREATEST CHANGE IN BUS VOLTAGE SUMMARY REPORT:

      5   3 LOAD BS5 138 0.484-0.520           6   2 REACTOR  138 0.503-0.494

     10   2 A1 TIE10 138 0.524-0.491           1   3 CT&COAL1 138 0.549-0.471

      2   3 CT&COAL2 138 0.551-0.469           4   2 LOAD BS4 138 0.551-0.430

      3   2 A1 TIE 3 138 0.598-0.374           8   3 LOAD BS8 138 0.610-0.372

      9   2 A1 TIE 9 138 0.678-0.305           7   3 RADLCOAL 138 0.721-0.299

     24   2 A2 TIE24 230 0.792-0.198          12   2 A2 TIE12 230 0.848-0.152

     11   2 A2 TIE11 230 0.869-0.138          13   2 STEAMGEN 230 0.940-0.080

M1 Contingencies Output Reports
(Examples Shown)

 LINE OVLD:     16 COAL ONE 230  -to-     17 LOADBS17 230

 CAUSED BY:----------------------------------------------------%----MW*HRS--RUN

 OUTAGE BOTH LINES 15 - 21 AND 15 - 21                        105  148.539    8

 OUTAGE EITHER OF LINES 15 - 21                               103    0.311    7

   AND CKT:     15 CT&COALS 230  -to-     21 NUCLER21 230

                            6  REACTOR  138

 -------------------------------------------------------------PU----MW*HRS--RUN

 OUTAGE LINE 6 - 10                                         0.470 1224.000    4

 DOUBLE OUTAGES OF AUTOS 10 - 11 AND 10 - 12                0.503 1904.000   24

 NUMBER OF CONFIGURATONS TESTED:         789

 TOTAL LINE OVERLOAD     MW*HRS:     217.641

 TOTAL BUS LOAD SHED     MW*HRS:   35552.000

 TOTAL SYSTEM SEPARATION MW*HRS:     771.943

 TOTAL                   MW*HRS:   36541.586

 Total run time            0h  0m 17s

M1 Long Load Flow Output Report (POUT)
(Examples Shown)

 FromBus ----Name---- Area Zone ID  --MW--  -Mvar-  Ratg  %I  V/Tap/Ang/mi

      1  CT&COAL1 138    3    0      128.3    26.1            1.020  -20.8

         Generation :                192.0    47.5R

  ToBus

      2  CT&COAL2 138    3    0 1      8.4   -25.5   193  14         38 mi

      3 *A1 TIE 3 138    2    0 1     -0.3    29.0   208  14         53 mi

      5  LOAD BS5 138    3    0 1     55.6    17.9   208  28         21 mi

 FromBus ----Name---- Area Zone ID  --MW--  -Mvar-  Ratg  %I  V/Tap/Ang/mi

     10  A1 TIE10 138    2    0      232.8    47.7            0.999  -21.7

  ToBus

      5  LOAD BS5 138    3    0 1     29.6    -2.4   208  14         22 mi

      6  REACTOR  138    2    0 1    117.8  -112.4   193  84        187 mi

      8  LOAD BS8 138    3    0 1     20.2    10.4   208  11         41 mi

     11  A2 TIE11 230    2    0 1   -187.2    20.0   510  37 *1.000R

     12  A2 TIE12 230    2    0 1   -213.1    36.5   510  42 *1.000R

 FromBus ----Name---- Area Zone ID  --MW--  -Mvar-  Ratg  %I  V/Tap/Ang/mi

     11  A2 TIE11 230    2    0        0.0     0.0            0.999  -12.7

  ToBus

      9  A1 TIE 9 138    2    0 1    139.4    39.7   510  28  1.000R

     10  A1 TIE10 138    2    0 1    188.0     9.8   510  37  1.000R

     13  STEAMGEN 230    2    0 1   -226.8    -8.8   600  38         33 mi

     14 *SYNCCOND 230    1    0 1   -100.6   -40.6   600  18         29 mi

Estimating M1 State Exposure Time
(Examples Shown)

Autotransformer fails every 24 years on average and is repaired after a year:

FOR = 1yr/(24yrs+1 yr) = .04 = 4%

Exposure time = .04(24(365 = 350 hours per year

----------------------------------------------------------------------------------------------------------------------

Transmission line fails every 40 years on average and is repaired in two weeks:

FOR = 2 wks/(40 yr(52 wks/yr) = .001 = .1%

Exposure time = .001( 8760 = 9 hours per year

----------------------------------------------------------------------------------------------------------------------

Two Autotransformers simultaneously in failure:

Exposure time = .04 ( .04( 8760 = 14 hours per year

----------------------------------------------------------------------------------------------------------------------

An autotransformer and a line simultaneously in failure:

Exposure time = .04 ( .001( 8760 = .4 hours per year

----------------------------------------------------------------------------------------------------------------------

Two lines independently become outaged:

Exposure time = .001 ( .001( 8760 = .009 hours per year

----------------------------------------------------------------------------------------------------------------------

Two lines outaged with 25% common mode failure (same structure, relaying, etc.):

Exposure time = (.001 + .001) ( .25 ( 8760 = 4.4 hours per year

File INPUT Preparation for M1
'OUTPUT1'     0  Output File (details: 0=no 1=yes)

'IEEERTS'     1  input file name, 1=IEEE common format  2=PSSE (23&24) format

 0               set load=Pmax:  0=no  1=yes by area  2=yes for total system

 0               reset voltages: 0=no 1=no & reg 2=yes 3=yes and no Q gen limits

 50              maximum number of iterations to reach a load flow solution

 20              relax generation Mvar constraints after this number of iter

 10              freeze all autotransformer taps after this number of iter

 4               number of iterations between matrix reformation

 1.2             acceleration factor for voltage magnitude calculation

.1 .1            bus MW MVAR solution tolerances for load flow

 3               line ratings:  1=normal  2=emergency  3=long term emergency

-1,,,,,,,,,,     long output report in area#, 0=none, -1=all buses, -2=all gens

-1,,,,,,,,,,     zip flow line outages in area #, -1=all, (,A,-B,) areas A->B

 1               Probabilistic Load Flow:    1=an M1 run    2=an M2 run

 0 999 9999      # simul line outages, max # lines outaged, max # outage cases

 10 .000000      max # load flow dist iter, min probability line outage cutoff

.001 .04 .05     default line, auto, and generator FOR's respectively

 -1 .2           virtual generation on every bus in area for factor shown

  0              MW grid spacing to use on probabilistic models

RUN 'IEEE RELIABILITY TEST SYSTEM   (GENERATORS COMBINED)'             1  8000

RUN 'OUTAGE LINE 2 - 4'                                                1     9

    2    4

*

RUN 'DOUBLE OUTAGES OF AUTOS 10 - 11 AND 10 - 12'                      1    14

   10   11

*

   10   12

*END
 PLF-M1





 PLF-M2








_931491875.bin

