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The IEEE Reliability Test System - 1996
A report prepared by the Reliability Test System Task Force of the
Application of Probability Methods Subcommittee

ABSTRACT

This report describes an enhanced test system (RTS-96) for
use In bulk power system reliability evaluation studies. The value of
the test systern is that it will permit comparative and benchmark
studias to be performed on new and existing reliability evaluation
techniques. The test system was developed by modifying and
updating the original IEEE RTS (referred to as RTS-79 hereatfter) to
reflect changes in evaluation methodologies and to overcome
perceived deficiencies.

INTRODUCTION

The first version of the IEEE Reliability Test System (RTS-
79) was developed and published in 1979 [1] by the Application of
Probability Metheds (APM) Subcommittee of the Power System
Engineering Committee. i was developed to satisfy the need for a
standardized data base to test and compare results from different
power system reliability evaluation methodologies. As such, RTS-79
was designed to be a reference system that contains the core data
and system parameters necessary for composite reliability evaluation
methods. It was recognized at that time that enhancements to RTS-
79 may be required for particular applications. However, it was feit
that additional data needs could be supplemented by individual
authors and or addressed in future extensions to the RTS-79.

In 1986 a second version of the RTS was developed (RTS-
86) and published [2] with the objective of making the RTS more
useful in assessing different reliability modeling and evaluation
methodologles. Experience with RTS-79 helped to identify the
critical additional data requirements and the need to include the
reliability indices of the test system. RTS-86 expanded the data
system primarily relating to the generation system. The revision not
only extended the number of generating units in the RTS-79 data
base but also included unit derated states, unit scheduled
mairtenance, load forecast uncertainty and the effect of
interconnection. The advantage of RTS-86 lies in the fact that it
presanted the system reliability indices derived through the use of
rigorous solution techniques without any approximations in the
evaluation process. These exact indices serve to compare with
results obtained from other methods.

Since the publication of RTS-79, several authors have
reported the resuits of their research in the IEEE Journals and many
international journals using this system. Several changes in the
electric utility industry have taken place since the publication of RTS-

- 79, e.g. transmission access, emission caps, etc. These changes
along with certain perceived enhancements to RTS-79 motivated this
task force to suggest a multi-area RTS incorporating additional data.
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it should be noted that in developing and adopting the
various parameters for RTS-96, there was no intention to develop a
test system which was representative of any specific of typical power
system. Forcing such a requirement on RTS-96 would result in a
system with less universal characteristics and therefore would be less
useful as a reference for testing the impact of different evaluation
techniques on diverse applications and technologies. One of the
important requirements of a good test system is that it should
represent, as much as possible, all the ditferent technologies and
configurations that could be encountered on any system. RTS-96
therefore has to be a hybrid and atypical system.

SYSTEM TOPOLOGY

The topology for RTS-79 is shown in Figure 1 and is
labeled "Area A" Since the demand for methodologies that can
analyze multi-area power systems has been increasing lately due to
increases in interregional transactions and advances in available
computing power, the task force decided to develop a multi-area
reliability test system by linking various single RTS-79 areas. Figure
2 shows a two-area system developed by merging two single areas -
-“Area A" and "Area B" through three interconnections. As shown the
two areas are interconnected by the following new interconnections:

L 51 mile 230 kV line connecting bus # 123 and bus # 217
L 52 mile 230 kV line connecting bus # 113 and bus # 215
. 42 mile 138 kV line connecting bus # 107 and bus # 203.
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Figure 1 - IEEE One Area RTS-96
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Figure 3 shows relative geographic positions for the two-
area system. Figure 4 shows a three-area system formed by adding
a third single area "Area C* to the two-area system through two
interconnections. A 72 mile 230 kV line connects "Area B* at bus 223
to "Area C" at bus # 318 and a 67 mile 230 kV line connects "Area A"
at bus # 121 to "Area C" at bus # 325. A phase shift transformer has
been added between buses # 325 and 323 in "Area C". An optional
DC link connects “Area A" at bus # 113 to "Area C" at bus # 316.

BUS DATA

Except for the bus numbering system, the bus data has
not changed from the RTS-79 data. Table 1 lists the bus data for the
three areas. The buses for each area are numbered with a
preassigned numbering system. For "Area A" the buses are labeled
with numbers ranging from 101 through 124. For “Area B*, the buses
are labeled with numbers ranging from 201 through 224. While for
"Area C" the buses are labeled with numbers ranging from 301
through 325. In addition, the three areas’ buses are divided into
subareas and zones. The bus load is assigned based on
assumptions shown in Table 5.

Table 1 - IEEE RTS-96 Bus Data {3 Areas)

BUS BUS BUS MW MVAR Sub Base Zone
# NAME TYPE LOAD LOAD GL BL Area kv *
101 Abel 2 108 22 0 0 11 138 11
102 Adams 2 9 1] 0 11 138 12
103 Adler 1 180 37 "] 0 11 138 11
104 ﬁﬂ(ﬂcol& 1 74 15 0 0 11 138 11
108 en 1 71 14 Q Q 1 138 11
106 Alber 1 136 28 0 190 11 138 1
107 Aider 2 125 25 0 0 11 138 1
108 M?er 11 35 o o 11 138 1
109 Al 1 175 36 "] 0 11 138 1
110 Allen 1 195 . 40 0 0 11 138 1
111 Anna 1 0 0 0 0 1 230 1
112 Archer 1 0 0 0 0 11 230 1
113 Ame 3 265 54 Q 0 12 230 14
114 Arnold 2 194 39 0 0 12 230 1
115 Arthur 2 37 64 o] 0 1 30 1
116 Asser 2 100 20 0 0 -1 30 1
117 Aston 1 ] ] 0 1 30 1
118 Astor 2 333 68 0 0 1 30 17
119 A 1 181 37 0 0o 1 30 15
1 Attila 1 128 26 0 0 1 230 15
121 Attlee 2 0 0 0 0 ) 30 17
122 Aubrey 2 0 0 0 0 1 30 17
123 Austen 2 0 0 0 0 1 30 15
124 Avery 1 0 0 0 0 30 6
201 Bach 2 108 22 0 0 1 138 1
202 Bacon 2 97 20 0 o] 1 138 2
203 Ba 1 180 37 0 0 1 138 1
204 Bailey 1 15 0 0 1 138 1
205 Bain 1 7 14 g 0 1 138 1
206 Bajer 1 136 28 0 140 21 138 2
207 Baker 2 125 25 0 0 138 2
alch 1 171 35 0 0 1 138 2
alzac 1 175 36 0] 0 1 138 3
210 Banks 1 195 40 0 0 1 138 3
21 deen 1 0 0 0 0 1 230 3
212 Barkla 0 0 0 0 1 230 3
213 Barlow 265 54 Q Q 30 4
214 Barry 184 39 0 [¢] 30 26
215 Barton 317 64 0 o] 30 26
216 Basov z 100 20 0 0 30 26
7 Bates 1 0 0 4] 0 30 7
218 Bayle . 333 68 0 0 30 7
219 Bede 1 181 37 Q 0 30 S
220 Beethoven 1 128 26 [0} (4] 30 25
221 Behring Y’ 4] 0 0 Q 30 7
222 Bell Y 0 0 0 0 30 7
223 Bloch 2 0 0 0 ] 30 S
224 Bordet [ 1] 0 0 22 30 26
301 Cabell p 108 22 ] 1] 1 38 1
302 Cabot b 97 20 0 o 1 138 2
303 Caesar 1 180 337 0 0 1 138 1
Caine 1 74 15 0 0 1 138 1
Caivin 1 71 14 Q [¢] 1 138 1
306 Camus 1 136 28 [ 100 31 138 2
307 Carew 2 125 25 0 0 1 138 2
308 Carrel 1 171 35 0 0 1 138 2
309 Carter 1 175 36 0 [+] 1 138 3
310 Caruso 1 195 40 0 ] 1 138 3
311 Cary 1 0 0 0 0 1 230 3
312 Caxton 1 0 0 0 0 1 30 3
313 Cecll 2 265 54 1] 0 230 34
314 Chain 2 194 39 0 0 230 36
315 Chase 2 317 64 0 0 30 36
316 Chifa 2 100 20 [ 0 30 36
317 Chuhsl 1 0 Q 0 0 30 37
318 3 2 333 68 Q 0 30 37
319 Clay 1 181 37 o] 0 32 30 35
320 Clive 1 128 26 o] 4] 30 35
321 Cobb 2 0 [e] 0 Q 30 37
322 Cole 2 0 [ 0 0 30 37
Comte 2 0 0 0 0 30 35
324 Curle 1 0 0 Q 0 30
325 Curtiss 1 0 0 1] [+] 30
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Bus Type: 1 - Load Bus (no generation).
2. generator or plant bus.
3- swing bus.
MW Load: load real power to be held constant.
MVAR Load: load reactive power to be held constant.
GL: real component of shunt admittance to ground.
BL: imaginary component of shunt admittance to ground.

SYSTEM LOADS

Table 2 shows the weekly peak loads in percent of the annual
peak. This seasonal load profile can be used to adapt to any system
peaking season one desires to model. For example, if week number
1 is assumed to be the first week of the calendar year, then table 2
shows a winter peaking system with the peak occurring in the week
prior to Christmas. i week number one is assumed to be the first
week of August, then table 2 shows a summer peaking system with
an assumed peak occurring in the month of July.

Table 3 shows the assumed daily peak load in percent of the
weekly peak; while Table 4 shows the hourly load in percent of the
daily peak (note that the week numbers corresponding to the
seasons of the year can be reassigned depending on the climate
zone that one wishes to model.)

Table 5 shows the assumed load for each bus of the three-area
system.

Table 2 - Weekly Peak Load in Percent of Annual Peak

Week Peak Load Week Peak Load
1 86.2 27 755
2 90.0 28 816
3 878 29 80.1
4 83.4 30 88.0
5 88.0 31 722
6 84.1 32 776
7 83.2.. 33 80.0
8 80.6 34 729
9 74.0 35 726
10 73.7 36 70.5
11 715 37 78.0
12 727 38 69.5
13 70.4 39 724
14 75.0 40 724
15 721 41 743
16 80.0 42 744
17 754 43 80.0
18 83.7 44 88.1
19 87.0 45 88.5
20 88.0 46 908
21 85.6 47 94.0
22 81.1 48 89.0
23 90.0 49 94.2
24 88.7 50 97.0
25 89.6 - St ) 100.0
26 86.1 52 952

Table 3 - Daily Load in Percent of Weekly Peak
Day Peak Load
© Monday 93
Tuesday 100
Wednesday 98
Thursday 96
Friday 94
Satueday T
1 Sunday 75
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Table 4 - Hourly Peak Load in Percent of Daily Peak

Table 6 - Generator Data

winter weeks summer weeks ] weeks = =
pang/ Unit Force MTTF MTTR | Scheduted
= Wk:’y-s &TM - ;fknd i 18 30 — M:,-;‘l &31-43 ,‘,:;; g.:: Type Outage (Hour) (Houn) Maint.
wknd (MW) Rate wks/year
1221 = x z = L ] 5 m 2] OuSteam 0.02 2040 & 2
3 "
23 50 58 58 u20 20 OCT 0.10 450 50 2
3-4 59 66 56 : : 22 Uso S0 Hydro Q.01 1980 20 2
45 59 64 56 64 59 e uze 76|  CoalSteam 0.02 1960 40 3
56 60 85 58 62 65 o5 U100 | ' 100 QilSteam 0.04 1200 50 3
67 74 66 64 62 72 68 U155 155 Coal/Steam 0.04 960 40 4
72 % 373 i &6 8 74 Ure7 97|  OwSteam 0.0 50 % )
910 %6 ) gs g; :g : | usso 350 Coat/Steam 0.08 1150 100 5
10-11 3 %0 59 3 56 5 U400 400 Nuclear 0.12 1100 150 6
11-noon 95 91 100 93 99 94
noon-1pm 95 90 99 a3 93 91
12 95 ] 100 92 92 %0 Table 7 - Data of Generators at Each Bus
g:} Z: 8; 100 91 90 90 !
g o N 88 86 Bus Unit D PG QG agrex g™
45 99 91 96 92
5 5 15 = = 5 =t D Type # MW MVAR MVAR MVAR pu
100 99 93 95
75 % 5 = = = 5 101 U0 1 10 0 10 0 1035
89 X [ 92 160 % 57 101 u20 2 10 0 10 0 1.035
910 83 92 33 93 90 95 101 u7é 3 76 14.1 30 <25 1.03%
o0 73 87 &7 88 80 50 101 ure 4 76 14.1 30 25 1.035
12 8 8l 72 80 70 & 102 U0 1 10 ] 10 0 1035
102 U20 2 10 0 10 0 1.035
102 uze 3 76 7.0 30 -25 1.035
102 uze 4 76 7.0 30 -25 1.035
107 U100 1 80 17.2 60 0 1025
107 U100 2 80 7.2 60 0 1025
T -
able 5 - Bus Load Data 107 U0 3 80 172 60 0 1025
= o 113 U197 1 95.1 40.7 80 0 1020
us number Bus load Load if peak load 10% higher 113 U197 2 95.1 40.7 80 0 1.020
113 U197 3 951 40.7 80 0 1.020
%oof Sysem | MW MVar w Mvar 114 SyncCond 1 0 13.7 200 50 0.980
115 u12 112 0 6 0 1014
101,201,301 38 108 22 1188 24.2 1185 Uiz 2 12 0 6 0 1014
102,202,302 3.4 97 20 106.7 22,0 115 ui2 3 12 0 6 0 1014
103,203,303 3.3 180 37 198.0 40.7 115 u12 4 12 0 6 0 1.014
104,204,304 2.6 74 15 814 16.5 115 U 12 5 12 0 6 0 1 014
105,205,305 25 7 14 78.1 15.4 115 u1ss 6 155 0.05 80 50 1014
106,206,306 48 136 28 149.6 30.8 116 uiss 1 155 25.22 80 50 1.017
107,207,307 44 125 25 1375 275 118 U400 1 400 137.4 200 -50 1.050
106,208,308 6.0 171 35 188.1 385 121 U400 1 400 108.2 200 50 1.050
106,209,309 6.1 175 36 1925 396 122 uso 1 80 -4.96 16 -10 1.050
110.210310 68 195 10 2145 240 122 Us0 2 50 -4.96 16 -10 1.050
113,213,313 93 265 54 2915 59.4 122 uso 3 S0 -4.96 16 -10 1.050
114,214 314 6.8 194 39 2134 429 122 U50 4 50 -4'% 16 -10 1 ‘050
115,215,315 1.1 317 64 348.7 70.4 122 uso 5 50 -4.96 16 -10 1.050
PP 122 Uso 6 S0 -4.96 16 -10 1.050
5,216,316 35 100 20 1100 220
118.218.318 1.7 333 68 366.3 74.8 123 u1s5 1185 31.79 80 50 1.050
— - - : 123 u1ss 2 155 31.79 80 -50 1.050
119,219,319 6.4 181 37 199.1 40.7 123 U350 3 350 71.78 150 .25 1.050
120,220,320 45 128 26 140.8 28.6 201 U20 1 10 0 10 0 1.035
Total 100.0 2850 580 3135 638 201 u20 2 10 0 10 0 1035
201 u7e 3 76 141 30 25 1.035
201 u7e 4 76 141 30 -25 1.035
202 u20 1 10 0 10 0 1035
202 u20 2 10 0 10 0 1035
202 ure 3 76 7.0 30 -25 1.035
, . GENERATNG UNTS - ) 202 ure 4 76 7.0 30 25 1035
The major addition to this revision is the inclusion of production 207 U100 1 80 17.2 60 0 1.025
cost related data for the generating units. Unit start-up (hot and cold 207 U100 2 8 7.2 60 0 1025
start) heat input, net plant incremental heat rates, unit cycling 207 U100 3 80 17.2 60 0 1.025
restrictions and ramping rates and unit emissions data have been 213 U197 1 951 40.7 80 0 1020
included to facilitate system production cost calcuiations and 213 U197 2 951 40.7 80 0 1.020
emiissions analysis. Table 6 shows the unit availability assumptions. 213 Utg7 3 951 40.7 80 0 1020
Table 7 shows unit active and reactive power quantities used inthe 214 SyncCond 1 0 1368 200 -50 0.980
base-case load flow. Table 8 shows unit start-up heat input g:g g: g ; :g g g g }g}:
requirements. Table 9 shows the generating unit heat rates. Table 215 Ut2 3 12 0 6 0 1‘01 4
10 tabulates the unit's cycling restrictions and ramp rates while Table 215 U12 4 12 0 6 o 1014
11 shows the assumed unit emissions. 215 u12 5 12 0 6 0 1014
215 U155 6 155 0.048 80 -50 1.014
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Table 7 (Continued)
Bus Unit
ID PG Table 9 - Heat
iD Type £ MW QG qnax dm" Rate and Incremental Heat
216 MVAR  MVAR MVAR :su
Siz
218 31&? 1 185 25.22 80 mvf Type Fuel Output Net Plant Incremental Heat
28 ] & 137.4 50 1.017 P | MW | Hestrme | by contous
222 Us0 : 400 108.2 % -50 1.050 5 Btukwh 5?13322"‘
50 v -50 i 0 Btukwh
= o 2@ dm . 0 - R e
2 Uo s % 4% 1 b o Y
222 uUso p -4.96 16 “10 1.050 50 | Combustion 79 15.80 12000 13219
222 Uso § 50 -4.96 16 -10 1.050 Turbine #2 0l 80 16.00 ::gg; 9659
223 U155 & % -4.96 -10 1.050 5 22 19.80 2500 10139
223 [§] 1185 31.79 16 -10 1.050 L Hydro 100 20.00 74499 14272
223 155 2 155 a1 '79 80 50 1.050 100 50.00 Not appli 14427
. * leam oal 38| 95.
301 Uy 10 b 130 -25 1.050 e Y iz T
301 u76 10 o 10 0 1035 100 76.00 12000 11576
301 o8 14.1 0 1035 w0 | Fosl _ s | oo 13311
302 U2g 4 76 14.4 30 25 1.035 Steam #5 ol 20 50.00 1070(5) 8089
A B S Ay R o 2 —
302 uzée 2 10 0 1 0 1035 155 Fossi 35 5425 10000 9877
02 g 310 o 9 1%s R ISP - i
307 U100 : 76 7.0 30 -25 1.035 1?;3 124.00 975:2 8541
7 U0 2 3 17.2 60 ;325 e 197 Fossi B enes 9600 oot
307 U100 3 17.2 60 0 1.025 Stean: 6 m - 18A2: 70750 51
313 U197 1 g 17.2 60 0 1025 80 157.60 Z:so 8833
313 uler 2 -1 407 80 1.025 o0 | 1e7o0 2 Ty
313 U197 95.1 40.7 80 0 102 350 Foss 40 140.00 ~o030 9620
314  Sync Cond 3 951 407 20 0 1.02 Steam Coal :2 22750 9603 8402
315 u12 : (1) 1368 200 ?50 o o0 38000 9500 e
315 ui2 2 2 o 6 0 0.98 400 Nuclear 25 100.00 2500 6768
315 ui2 3 }2 0 6 0 : 014 Steam LWR 50 20000 :z:g 8848
315 Uiz 4 1 0 6 S I 2| 000 Toto 965 |
315 U12 5 12 0 6 0 }‘014 40000 10000 9210
014 NOTE
g}g Uitss 6 155 8 048 o 0 1014 The hydro units have 100%
318 uiss 1 155 25 80  -50 1.014 year and 90% capaci capacity for the first half of
321 8:% 1 400 1372ﬁ 80 50 1:017 energy dismbuﬁo:o;;yaf:‘fg:le remainder. Their qumx
322 Uso : 4530 108.2 2& g 105 where 100% is 200 GWh. ows: 35%, 35%, 10%, 20%,
322 uso 2 -4.96 16 P 1.05 Table 10 -
%> Ue 5 % 49 16 0 1055 Unit Cycling Restriction and Ramping
322 Uso 4 gg -4.96 16 :}g 1.05 Rates
322 uso 5 -4.96 16 1.05 Unit | Unit ;
2 U 50 4.96 -10 1.0 RN
= BiE & §oim |LSITE S T
1585 - 1.05 , Time Hof e Star
g utss 2 155 31 ” 80 50 1.05 vz 124 O o ) ‘H'; ‘(::: iy M?:’;:'“
U350 3 350 7: .;g 80 -50 1.05 Steam 2 4 2 4 {Ho nute
e 150 y Uz 20 - 12 7
PG & QC: =25 1.05 g-][/ 7 -
qnax min., are the generating unit's " : uso 0 ° 1
G e, Sl B o ot | o 03 ;
unit’s regula er output. 4 s
9 t?d voltage set-point. U100 00 sz;m 8 12 10 2
Steam 8 8 2 7
u1s5 155 | Coal ) 7
. 8
. Table 8 - Unit Start-up Heat & A BT R s e [ s
Unit Unit Unit T Steam 12 4 7 =
group Size Type Hot Cold 350 gz;g = - - 3
(MW) Start Start oo 70 e T3 12 % "
ut2 12 {MBTU) { (MBTU) . 1 A R
Qil/Steam 38 WA 20
323 20 OiVCT 5 =
50 H 5
ydro Table .
U N/, 11 - Unit . .
76 76 Coal/Ste A N/A TEEE TS unkt goom Emissions Data
U100 100 il 596 596 Unit typo u20 =0
U155 Oi/Steam 250 56 Fuel type GT 5 U100U197_ | U76,U155,U350
o 155 Coal/Steam v 6 Fuel sullur cortent (%) FO2 o ST
> 197 Oil/Steam : 953 Ermissions Rate 22 UnitSpectic Buminous Coal
U350 350 443 775 S02 (Lbs/MMBTU) Unit-specific
U400 Coal/Steam 1,915 NOX (LbsMMBTU) 0.2 Urnit-specifk
400 Nuclear - 4,468 Part (LbsMMBTU) 08 05 = Unit-specific
N/A N/A CO2 (LhsMMBTU) 0.038 01 Uit speciic
ﬁ:;( (CosMMETU) = 70 ;J:"':Specmc
LbsMMB :
co (LDWME:;) 0.004 :x 0.001
VOCs (Lbs/MMBTU) 0.11 004 0.004
0.04 o 0.02
= 0.003
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TRANSMISSION SYSTEM Table 12 (Continued)
1‘|'he RTS-79 is expanded to include a phase shifter, a two D FromTo L -Perm- Tran. R X B Con LTESTE Tr
ferminal DC transmission line, and five inter-area ties. Table 12 Bus Bus miles ap Our At pu  pu  pu MVAMVAMVApu
shows the transmission branch data; this includes lines, cables, ci1 3071 302 3 .24 16 0. 0.003 0.014 0461175 133 200 0
transformers, phase-shifter, and tie-lines. All pu quantities are on 100 gg %} Bg gg g; 13 %g g.ggg g.(z’gg g.ggg }g 2283 220 8
MVA base. Areas A and B may be further interconnected byaDC ¢4 302 04 33 Zgg 10 ;Zg glggg gﬁ}g; 8:323 1 208220 0
link, based upon reference [3]. Table 13 shows the two-terminal DC g 33g§ X N 8 18 36 0031 0119 0,032 173 208 520 0
transmission line data. ¢7 303 324 0 02 768 0.0 0002 0084 0 400 510 600 1015
G oBMEMa o2 W e e R
5 31 : 2 0 X X
Tabl 12- Eranch Daa R ERER RN Rl g
ID# = Branch identifier. c11 30 8 .8 0. - .
. . 09 43 .44 10 2.3 0.043 0.165 0.045 175 208 220 0
Inter area branches are indicated by double letter ID. 8}%3 % 15‘) %3 .33 ;6% (2).8 8’%3 8'11132 8.045 % ggg % ?os
Circuits on & common tower have hyphenated ID#. €14 33912 0 02 768 00 0007 0084 0 400 510 600 1.03
iAp = Permanent Outage Rate (outages/year). G16 310 311 0 02 768 0.0 0002 0.084 0 ' 400 510 600 1015
Dur = Permanent Qutage Duration (Hours). ¢17 310 312 © .02 768 0.0 0.002 0.084 0 400 510 600 1015
" G18 311 313 33 .40 11 0.8 0.006 0.048 0.100 500 600 625 O
At = Transient Outage Rate (outages/year). €19 311 314 25 .39 11 07 0.005 0.042 0.088 500 600 625 0
Con = Continuous rating 20 312 313 33 .40 11 0.8 0.006 0.048 0.100 500 600 625 0
. : . C21 312 323 67 52 11 1.6 0012 0.097 0.203 500 600 625 0
A e e e ot o 2 HBE Ll guamingae s
= 4 i ) . 7 Ol X !
STE = Short-time emergency rating (15 minute). &4 35 316 12 33 11 03 0,002 0,017 0.036 500 600 625 0
Tr = Transformer off-nominal ratio. C25-1 315 321 34 .41 11 0.8 0.006 0.049 0.103 500 600 0
Transformer branches are indicated by Tr = 0. Coxe 31y 221 3 41 11 9% 0.008 0.049 0.102 200 809 oo H]
C27 316 317 18 .35 11 0.4 0.003 0.02 0.055500 600 625 0
D FromTo L  -Perm- Tran. R X B Con LTE STE Tr X 11 0.4 O. 1023 0.049 500 600 625 O
* Bus Bus miles ap Dur it pu pu pu MVAMVAMVA pu % ;‘9 1% }g g; bk 8; gggg 8(0)34 88430 500 600 625 g
A1 101 102 3 24 16 00 0.003 0.014 0.461175 193 200 0 TR 37 T34 11 18 e 0 5221300 S0 65 0
A2 101 103 55 .51 10 29 0055 0.211 0.057 175 208 220 0 €31-2 318 321 18 .35 11 0.4 0.003 0.026 0.055 500 600 625 O
A3 101 105 22 .33 10 12 0022 0.085 0023 175 208 220 O G321 319 320 27.5 .38 11 0.7 0.005 0.040 0.083 500 600 625 0
A4 102 104 33 39 10 17 0033 0127 0034 175 208 220 O G322 319 320 275 38 11 0.7 0.005 0.040 0.083 500 600 625 0
A5 102 106 50 .48 10 2.6 0.050 0.192 0.052 175 208 220 © G331 320 323 15 34 11 04 0,003 0.022 0.046 500 600 625 O
A5 103 109 31 .38 10 1.6 0.031 0.119 0.032 175 208 220 0 C33-2 320 323 15 34 11 0.4 0.003 0.022 0.046 S00 600 0
A7 103 124 0 .02 768 00 0.002 0.084 0O 400 510 600 1015 24 1 322 47 45 11 1.2 0.009 0.068 0.142 500 600 625 O
A8 lod 09 27 .36 10 14 0027 0108 00X 208 220 0 CA-1 325 121 67 52 11 1.6 0012 0.097 0.203 500 600 625 O
A, ool 4R 12 0.023 0.088 0024 175 23 220 9 CB-1 318 223 72 53 11 1.8 0,013 0.104 0.218 500 600 625 0
A1l 107 108 16 .30 30 0.8 0016 0.061 0.017 175 208 220 0 €35 323 325 0 02 768 0.0 0.000 0003 0 722 893 893 1.00
MM R B on fiman mmmm vou -
A132 108 110 43 44 10 23 0.043 0,165 0.045 175 208 220 O The circuits which have common Right-Of-Way (ROW) or
mg }gg 1112 g .gg ;% 8‘8 g.ggg 8’833 g % g}g % 1‘83 Common Structure (CS) are indicated by loops fettered A - G in the
Q}g :ng ﬂ; 8 8% ;g gg 888% ggﬁ_ 8 % g:}g % }gg one-ine diagrams, the common fengths {miles) are as follows:
A18 111 113 33 40 11 08 0006 0:048 0.100 500 600 625 O A- 45 (ROW), B - 15 (CS), C - 18 (CS), D - 34 (ROW), E - 33 (CS),
2;3 ” }14 §§ .33 n 8’; g.% g.gzg 8.% 5% % ggg g F - 43 (CS), G - 19 (CS). It is recommended that common mode
Q22; n‘ }g gg % ]:‘I 12 88:};% 8%; 8¥gg % ggg 625 g outages on CS circuits be assigned.a frequency of 7.5% of the
M85 113 235 22 47 11 13 0.010 0.075 0.158 500 600 625 O outage rates presented in table 12; this should be applied for both
2223 nt n % .gg 11 o.g g.&g&z 8'059 g.ggg % % ggg 8 permanent and transient common mode outages. The time taken
Mg—; 115 121 331 :ﬁ ﬁ §3g gZ% gigié 82183% 600 825 0 to restore one circuit is the same as the permanent outage duration
MA265- 12181 3% 41 11 89 0007 0.052 0109 500 €00 625 O given in table 12, while the second circuit will take as long again.
RN E R ursimimmas
ﬁ%% n' 112 1 :g% 1 g:g g:gqg g:%g ggg%% ggg ggg g Table 13 - Two-Terminal DC Transmission Line Data
A31-1 118 121 18 35 11 04 0.003 0.026 0.055 500 600 625 O (based on reference 3)
MU B R T ogssmids dm i e s
Mle e HE R N U SR MEmRREBL e eass A
A332120 123 15 34 11 0.4 0003 0.022 0.046 500 600 625 0 DC line resistance Q): 5
BOE R Y £ D Ulmimanimmas  Pow domand (W 100
§ DR W ok msmmMuEiRIREL e edeance 6 2
DoEma B R HIEIRR R onewiooeed oo 04
X .7 0 X X re : .
85 202 206 50 .48 10 2.6 0.050 0.192 0.052 175 208 220 O gin in per uni esi et
E R 2 Digimopiemmam, e Iverter
Sg % '?8 g :ﬁ }8 };; 8:855 3:333 8’8%2 ;g 2283 % 8 Line Outage Rates (Outag_es/yr): Permanent = 0.2120Transient =07
B10 206 210 16 .33 35 0.0 0.014 0061 2.459 175 193 200 0 Permanent Outage Duration (hours):
SLE S R R B Gemeswm i
B0 & W o o ol MR A N b e
BIA 29 211 O 02 768 00 OO0 OOet 0 i 0o ypy  Comverterbus: 3
BEIREl G B mAlliohic iamim  Numbero o R o
B AL % Wil e T e fing ang 5
.7 0. - g inimum steady state firing angle:
B20 212 213 33 .40 11 0.8 0.006 0.048 0.100 500 600 625 0 > 5 .
gg %}g gg gg gg H }g 8’8}? g.%; g.ggg% % (gg g Commutating transformer resistance/bridge (Q):0.0180  0.0103
ggi %}g }g g; 38 n 8; g&gg gg?g 88%%% g% gg g Commutating transformer reactance/bridge (Q)I 4.539 4.939
B251 215 921 34 41 11 0 0.006 0.049 0.103 500 600 625 0 Primary base AC voitage (kV): 230 230
segia B f lltimcmimigmimy  Tansemerie 0% 2 O
ALK n nEimumimRRIEE e sk 11750
B23 217 218 10 32 11 02 0002 0.014 0.030 500 600 625 0 Max tap setting: 11 1.1
B g g onpemigimmamas Moy Qsrsee Qo
8312 218 221 18 .35 11 0.4 0.003 0.026 0.055 500 600 625 0 Rectifier tap step: 0.0050 0.0050
B32-1 219 275 38 11 0.7 0.005 0.040 0.083 500 600 625 0
832-2 219 275 38 11 0.7 0,005 0.040 0.083 500 600 625 0
31220 223 15 34 11 04 0.003 0.022 0.046 500 600 625 0
B33-2 220 223 15 11 0.4 0.003 0,022 0.046 500 600 625 0
B34 221 222 47 45 11 1.2 0.003 0,068 0.142 500 600 625 O



Table 13 i
The terminal equipment will have the following capacity table:
Capacity (%) Prob A (event/yr) Dur. fr)
0 < capacity < 50 0.0179 6.03 26.00
50 < capacity < 75 0.0747 54.97 11.90
75 < capacity <100 0.0007 1.08 577
Capacity = 100 0.9067 52.88 150.20
SUBSTATION

Substation data, based on reference [4}, has been added to
RTS-96. Figure 5 shows a single line diagram of the substations.
Table 14 lists the failure rates and maintenance requirements of a
substation breaker and switching time requirements for various
components.

Table 14 - Data for Terminal Stations

(Based on reference 4)
Active failure rate of a breaker (failure/year) = 0.0066
Passive failure rate of a breaker (failure/year) = 0.0005
Maintenance rate of a breaker (outages/year) = 02
Maintenance time of a breaker (hours) = 108
Switching time - one or more components (hours) = 10
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SYSTEM DYNAMIC DATA
Table 15 contains the system dynamic data, which was taken
from reference [S]. It is based on the following: a classical model
is assumed for each generator, reactance and inertia data are typical
of generators of the same type and the same size, reactance values
are based on the given MVA base, and inertia values are based on
the unit size in MW.

Table 15 - Systemn Dynamic Data
{based on referenca 5)
Reactance
Unit Uit | UnitType | MVA | Unit | Transiomer | tnertia ] Damoing
govw | sz Bl pu | PY lmymw Rato
Uyt2 12 Oil/Steam 14 032 0.13 28 0.0
u20 20 oweT 24 032 013 | 28 0.0
S0 50 Hyd 53 028 01 | 35 0.0
U6 76 CoaliSteam | 89 03 013 | 30 0.0
U100 | 100 | OWSteam f118 032 013 | 28 00
U1ss [ 155 | CoalSteam &2 03 013 | 30 0.0
U197 [ 197 | Owsteam 2 032 013 | 28 0.0
U350 | 350 | CoatSteam p12 03 013 | 30 0.0
U400 | 400 | Nuclear k71 04 015 | so 00

Figure 5 - Single Line Diagram of IEEE One Area RTS-96 Substation System
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CONCLUSIONS

The Reliability Test System has been extended by adding a
number of enhancements; these should be considered to be
“optional” additions and no user should feel compelled to make use
of them all. One-, Two-, and Three-Area systems have been
presonted, it is anticipated that one will be more suitable than the
others for a particular application and it is up to the user to make a
choice. Likewise, the inclusion of a DC link will not be appropriate
for all applications.

Numerous load-flow configurations were reviewed during the
development of RTS-96 and it is feit that the proposed systems
present reasonable planning and operating scenarios. Loads are
quite secure with all elements in service, but special operating
strategies may be required when critical elements are removed.

This paper has presented data which is required by reliability
models of power systems in use at the time of writing. It is
expected that future models may require other parameters, and the
authors of such future models are encouraged to choose values
which are consistent with the values of parameters which are
tabulated in this revision of the RTS.
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Discussion

A. W. Schneider, Jr. (MAIN Coordination Center, Lombard
IL):

The effort to enhance and extend the IEEE Reliability Test
System (RTS) has taken over six years and benefitted from the
suggestions of numerous present and former members of the
Application of Probability Methods subcommittee. As a
member of the task force during the final year of this revision,
I regret that the following points came to my attention too late
for consideration in preparing the paper for submission. They
are offered for three reasons: to eliminate changes from the
1979 RTS which would invalidate comparisons with
applications of the latter, to insure that the new data presented
will completely specify a base case load flow, and to suggest
more economical and reliable bus configurations which will
avoid distortions to the reliability indices of the RTS.

Unexplained Changes from the 1979 RTS to the Present Paper

1. Both fuel and O & M cost data have been deleted. A major
objective of the current revision was ‘to improve data
concerning the generating units.

2. Changes have been made to the heat rate data (old Table 5,
new Table 9) which will complicate comparisons based on the
old and new RTS even if the analytical method under
consideration does not depend on new features. Changes to data
in the previous RTS should be made only if the former values
are internally inconsistent, in which case an explicit statement
should be made. A substitute Table 9, presented at the end of
this discussion, is proposed to restore all heat rates shown in the

1979 RTS to their original values and to assume the incre-

mental heat rate between the output values shown is constant.
It should be noted that only two output levels, 80% and 100%,

were shown for combustion turbines in the 1979 RTS. Values

which have changed from those shown in Table 9 of the paper
are italicized

Incomplete Data for Ioad Flow, Stability and/or_Reliability
Studies

1. For the phase shifter, the minimum and maximum shift and
the desired MW flow (or the angle, if flow is not controlled)
are essential data. I propose a range of +10 to -10 degrees.
Since the generators at corresponding buses of different areas
have identical watt and var generation, a net interchange of 0
for each area is implied. The flows specified for the phase
shifter, and the optional DC line, if present, will determine
whether the loads, generation and voltages shown in Tables 1
and 7 can all be achieved in a solved case.
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2. The capacity of the optional DC line should be shown in
Table 13.

3. The tap ratio of the generator stepup transformers should be
specified in Table 15 or a footnote, even if unity is intended.

4. Figure 5 has two omissions which must be resolved to
define a valid RTS configuration.

. The connection of the 100 MVATr reactor at bus 6 is not
shown.

s+ The configurations of buses 3, 7, 13, 15, 17, 18, 21, and
23 make no provision for inter area tie line terminations,
which do not appear in corresponding buses in every area.

5. No outage nor restoration rates are provided for the
transformers supplying load, whether 230 kV or 138 kV.
Specifying their impedances, tap ratios, and load tap changing
characteristics would be a desirable addition.

Costly and/or unreliable bus configurations

Several of the substation configurations are more complex

(hence, costly) than is needed and at the same time less reliable
than simpler alternatives. While it need not be a goal of the
RTS to present an optimum configuration at each bus, it is

reasonable to avoid redundant breakers and unnecessary
exposure to loss of all sources or all outlets to a bus from a
single fault. Such exposure may distort the contribution to

reliability indices of untypical failure modes.

a  Anunneeded line breaker connects line 7 to bus 3.

«  Distribution system (under 138 kV) data is not generally
provided by the RTS. A consistent technique of either
showing transformers feeding load, as at but 15, or
omitting them as at but 20, should be adopted. Paralleled
breakers and/or transformers, as at buses 6 and 8, raise
issues for which the RTS data is completely inadequate.

s The configurations of buses 9-12 are unnecessarily
complex and unreliable. All these buses have the
“supplies” grouped on one side of a critical element and
the “loads” grouped on the other side. Loss of the common
element will result in total interruption of supply from the
230 kV to the 138 kV system through the affected bus.
Configuring each of these buses as a simple ring bus would
be less costly and more reliable.

=« Similarly, bus 8 has its sources from buses 9 and 10
grouped together and is susceptible to isolation by a single
event.

« At bus 22, exchanging the connection of G26 and G27 with
line 38 would eliminate the possibility of all generation at
this station being lost from a single fault on a breaker.
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Table 9 - Heat Rate and Incremental Heat Rate

Output Plant Heat Rate,
Size BTU/kWh
Type Fuel
MW Yp -
Cre-
% MW Net | o
20 2.4 15600 | 11100
; 50 6.0 12900 | 10233
12 | Fosst | g6
Steamn 80 9.6 11900 | 12400
100 12.0 | 12000
70 14.0 | 15250 | 13250
Combus- 80 16.0 | 15000 | 12750
20 tion #2 oil
Turbine 90 18.0 | 14750 | 12250
100 | 200 | 14500
50 Hydro Not applicable
20 152 | 15600 | 11100
. 50 38.0 | 12900 | 10233
76 Fossil Coal
Steam 80 60.8 | 11900 | 12400
100 § 76.0 | 12000
25 25.0 | 13000 | 8600
. 55 55.0 | 10600 | 9000
00 | Fossil b e it
Steam 80 80.0 | 10100 9600
100 | 100.0 | 10000
35 543 | 11200 | 8560
: 60 93.0 | 10100 | 8900
155 | Fossil b eon
Steam 80 | 124.0 | 9800 9300
100 } 155.0 | 9700
35 69.0 | 10750 | 859
. 60 | 1182 | 9850 9810
o7 | Eossil e o
Steam 80 | 157.6 | 9840 8640
100 | 197.0 | 9600
40 | 140.0 | 10200 | 8640
: 65 | 2275 | 9600 9067
3so | Fossib | com
Steam 80 | 280.0 | 9500 9500
100 | 350.0 | 9500
25 | 100.0 | 12550 | 9100
50 | 200.0 | 10825 | 9078
400 | Nuclear |, wp
Steam 80 | 320.0 | 10170 | 9320
100 | 400.0 | 10000

Reliability Test System Task Force :

The task force thanks Mr. Schneider for his insightful
comments and additions to the RTS.

The alternative table 9 will allow comparisions to be
made with the former system while the “official” table 9 can be
used for future studies.

The proposed range of +10° for the phase shifter seems
reasonable, as does a tap ratio of unity for the generator
step-up transformers.

Manuscript received January 26, 1999,



