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~ ERCOT The ERCOT System

THE TEXAS CONNECTION

ERCOT Capacity and Demand

* One of the largest single control areas in US

— 40,327 miles of transmission (345kV & 138kV)

— 85% of Texas load
o Capacity

— 75,755 MW active generation (84,237 MW installed)

— Current reserve margin ~21.4%

— Wind capacity: 9,117MW — most in nation
* All-time Peak Demand

— 63,400 MW peak load (July, 2009)
 Market Size

— 6 Million Customer with right to choose

— $ 34 Billion Market
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* Role of the operator is to know the status of the system
and make sure that it is always very secure (N-1 Secure)

» Real-Time Network Security Analysis
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® AREVA's EMS is used in ERCOT
- Some functions were developed internally in ERCOT

® Application Functions

- State Estimation (RTNET) -WLS Method
- Real-time Contingency Analysis (RTCA)
- Dynamic Ratings (developed internally)

- Study Network Analysis (STNET)

- Voltage Stability Analysis (VSAT)

- Transient Stability Analysis (TSAT)
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 SE Statistics (SESTATS)

- SESTATS is a tool developed in-house at ERCOT.

- It monitors SE performance and metrics, and aids in identifying
possible topology errors.

- The metrics captured by SESTATS include:

e P I P P N P R .. ~r

Application: Realtime Network Status:  Monitoring

State Estimator Overall Monitoring

Owerall Execution Summary | Detailed E zecution Summaryl RTHET settingsl Hourly Summaryl D aily Summar_l,ll M onthly Summar_l,ll Yearly Summar}ll | ? @ ara
SE Execution SE Execution SE Solution Status Man. Gen. Load Loss Loss
Begin Time End Time Captured Time Status Changed | Req. (A (MA) (A7) Ratio

r]T—:I'ul—2l]1l] 10:05:06 07-Jul-2010 10:05:09 07-Tul-2010 10:05:25 |VALID SOLUTION 453709 44556 854 1.92%
*]T—Jul—zllll] 10:00:06 07-Jul-2010 10:00:10 07-Jul-2010 10:00:24 |VALID SOLUTION 45022 44202 g49 1.92%
PT—Jul—2l]1l] 09:55:06 07-Jul-2010 09:5h5:14 07-Tul-2010 09:55:27 |VALID SOLUTION 44783 43962 856 1.95%
*]T—Jul—zllll] 09:50:12 07-Jul-2010 09:50:15 07-Jul-2010 09:50:28 |VALID SOLUTION 44665 43842 858 1.96%
PT—Jul—ZI]lI] 09:45:07 07-qul-2010 09:45:10 07-0ul-2010 09:45:24 |VALID SOLUTION 44407 43592 850 1.95%
PT—Jﬂ—2UlU 09:40:06 07-Jul-2010 09:40:09 07-Tul-2010 09:40:22 |VALID SOLUTIOH 44055 43238 851 1.97%
PT—Jul—ZI]lI] 09:35:06 07-qul-2010 09:35:10 07-0ul-2010 09:35:27 |VALID SOLUTION 43730 42923 843 1.96%
PT—Jﬂ—2UlU 09:30:06 07-Jul-2010 09:30:10 07-Tul-2010 09:30:24 |VALID SOLUTIOH 43594 42796 837 1.96%
PT—Jul—ZI]lI] 09:25:06 07-qul-2010 09:25:10 07-0ul-2010 09:25:23 |VALID SOLUTION 43417 42624 g29 1.95%
PT—Jﬂ—2UlU 09:20:10 07-Jul-2010 09:20:15 07-Tul-2010 09:20:29 |VALID SOLUTIOH 43308 42522 825 1.94%
PT—Jul—ZI]lI] 09:15:07 07-qul-2010 09:15:11 07-0ul-2010 09:15:25 |VALID SOLUTION 43058 42215 g2z 1.95%
PT—Jul—2l]1l] 09:10:05 07-Jul-2010 09:10:13 07-Tul-2010 09:10:32 |VALID SOLUTION J 42807 42025 g22 1.96%
*]T—Jul—zllll] 09:06:50 07-Jul-2010 09:06:55 07-Jul-2010 09:07:09 |VALID SOLUTION 42607 41823 817 1.95%




ERCOT Coherency Check Using SESTATS

THE TEXAS CONNECTION

e Dead Equipment with Active Measurements

SESTATS tracks discrepancies between the equipment status and the analog
telemetry values

Apnlication: Realtime Network Status:  Monitoring

Dead Equipments with significant MW/MVAR measurements

Owerall | bus inj. mis. | *F with KX meas. | rot mapped CB flow meas. I Lndf 2 ends meas. mis. Dead equip. w/ active meas I Meas. with O resi. | j <re
State Estimati Dead equipment with P measurement =5 Dead equipment with @ measurement >5M\ar
Sol. Begin Time Line Transformers | ZBR Unit | Load CB Line | Transformers | ZBR Unit Load CB
13-0ct-2009 17:03:32 6 2 0 0 | 24 1 9 | 0| 0 10 11 3
13-0ct-2009 16:58:32 6 2 0 0 | 22 1 o | o | 0 10 10 3
| | |
[x SESTATS_DEAD_POPUP, SESTATS[ X|
Dead equipments with significant measurements Dane
SE Begin Time Meas. Meas. Abs. EQ ID1 EQ ID2 Notes
13-00t-2009 16:58:32 SSWWW LH o -327.00 327.00  AAALNA 1 FR:WWW Dead Line with P =5 M
13-0ct-2009 16:58:32 SSWWW LH 2B 58.29 58.29  WWW SSSW2H 1_ FR:WWW Dead Line with B =5 M
13-0ct-2009 16:58:32 SSSWWWLH  MI 44.86 44.86 SSSWW 1 FR:S5SWWW  Dead Line with P =5 My
13-00t-2009 16:58:32 SSSWWW LH 21 17.00 17.00 SSSW2H 1 FR:SSSWWW  pead Line with P =5 MW
13-0ct-2009 16:58:32 SSWWW LH RI 11.80 11.80 LNAE 1 FR:SSWWW  Dead Line with P =5 M/
13-0ct-2009 16:58:32 SSWWW Ly 54 10.05 10.05 N4 1 FR:SSWWW Dead Line with P =5 M#
T T T T T 7

13-0ct-2009 16:08:31 6 2 L] 1] 21 1 8 L] 0 10 12 3
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* Branch Status Error

Coherency Check Using SESTATS

H"HAKFMFH

0BE2
1411 KY

S I N

Island 1 354.7 KV 1.028 PU -10.5 DEG Rermove
MEAS  354.1 KV 1.027 PU e
P— I ,_3 E AXFMR1
17 0.0 Mw 0.0 MR
AS tap # 1z.0 MW MR ME

Remove

350.0 MW 15.1 MR
Remove
349.9 MW 15.1 MR
298.0 MW 17.0 MR MEAS

[ SESTATS_DEAD_POPUP, SESTATS[EMS] ERP[N!

Dead equipments with significant measurements

SE Begin Time Meas. Meas. Abs. EQ ID1 EQ ID2 Notes
16-Hov-2009 14:32:19 SSWWW XFH AX 129.26 129.26 SSWWW AXFMR1 Dead XFMR with P =5 MW
16-Hov-2009 14:32:19 SSWWW XFL. &X -126.18 126.18 SSWWW AXFMR1 Dead XFMR with P =5 MW

A branch in the SE model can be a transmission
line, transformers or zero-impedance branch (ZBR)
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* Injection Status Error

7 = = 7 = 7 .% WWND

2222 + 61 bt
0 MVAR
345 KV
Bus 5398 Island o KY PU DEG Remove *DEAD*

Unohservable

XF I i I EXFMRT1
L] 0.0 MW 0.0 MR
Unit I WND 0.0 MW 0.0 MR Remove I
51.1 MW 0.0 MR MEAS
£ |SESTATS_DEAD_POPUP, SESTATS[EMS] ERPEMSA{DEAD_UNP_374) Page: 1 LocalHabitat
Dead equipments with significant measurements Dome
SE Begin Time Meas. Meas. Abs. EQ ID1 EQ ID2 Notes
16-Hovr-2009 15:07:59 555w WH 51.12 51.12 SSSWWW WHD Dead Unit with P =5 MW

An injection could be a generator or load
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» CB Status Error

[ |SESTATS_DEAD_POPUP, SESTATS[EMS]  ERPEMSA(DEAD_CBP_379) Page: 1 LocalHabitat

Dead equipments with significant measurements

SE Begin Time Meas. Meas. Abs. EQ ID1 EQ ID2 Notes

Ilﬁ*NuvaIJIJB 15:32:59 SSS5WWW CB CB -634.70 634.70 SEEWWW CB_802 Dead breaker with P >5 MW

SESTATS also detects a discrepancy
between CB status and existing analog
measurements assigned to the CB
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e Limitation of SESTATS

- Requires available measurements on the elements
- Cannot identify the complicate errors

 Topology errors lead to measurement residuals

- Topology errors, like bad telemetry values, usually cause large
measurement residuals around the locations of errors in SE results.

- Bus mismatch is also a good indicator for the existence for
topology error.

10


Presenter
Presentation Notes
In ERCOT SE, the Kirchhoff’s Current Law (KCL) rules for each bus also participate in SE calculation as pseudo-measurements with high weight. Therefore, for some buses, the sum of estimated power flow can be non-zero, which is defined as bus mismatch in ERCOT SE. 
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* Detecting and identifying the wrong branch status using SE results

v Solution Record “* Bus Mismatch ~v Suspect Telemetered Data
Residual Tolerance Is 1 MW/ MVYAR
Station Yoltage Bus # MW Residual | Station Yoltage Bus # MYAR Residual

AAAST 138 3453' 6.9 CCCST 69 3622' 2.9

Station Total

AAAST I Generation: 0.0 MW
Load: 0.0 MW

138 KV
Bus 3158 Island 1 142.2 KV 1.030 PU -38.1 DEG _Remwel
IMe e

LN I Remove I "
0.0 MW 0.0 MR

LN I Remove
6.9 MW 7.7 MR

LD I Remove I £ 2
0.0 MW 3.7 MR
2.5 MW 1 MR MEAS

LD I Remove I - 1
0.0 MW 1.0 MR
4.8 MW 1 MR MEAS

11
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* Detecting and identifying the bus splitting/merging issue via SE result

eeeee

[
:

i 0.2 MW 0.0 MR MEAS
x| emove | |—38
& Al 22 3550 MW 99.1 MR
MEAS tap# 19.0
= —
waz e ¥ XF I Remave | _BF
17 213.2 MW 18.8 MR
MEAS tap# 17.0
x| e | |—vE
A2 21 726 MW 5.7 MR
. F MEAS tap#  22.0 200 MW 5.9 MR MEAS
LH I R o e I
t 160.0 MW 2.5 MR
147.5 MW 4.2 MR MEAS
LH I Remowe |
148 2 MW 3.1 MR
134.3 MW 1.7 MR MEAS
LH I Remowe l
23.8 MW 10.3 MR
90,6 MW 19 .8 MR MEAS
LH I R o e I
91.7 MW 14.7 MR
460 MW 3 4 MR MEAS
LH I Remowe l
1‘ '\I‘ '\I‘ 194.4 MW 10.6 MR
_ L _ 173.1 MW 31.5 MR MEAS
ey
LH I R o e I
{ 68.6 MW 17.0 MR
53.4 MW 25.4 MR MEAS
LH I Remowve l
11.6 MW 14.7 MR
358 Mw 22.6 MR MEAS
LH I Remowe l
l 51.4 MW 24.9 MR
75.8 MW 1z .2 MR MEAS
I cp I 0.0 MR S Remove |

12


Presenter
Presentation Notes
Initially when Transformer A1 was in maintenance, and supply to lower part in the above diagram was through A2. After the maintenance on A1 was complete, transformer A2 was supplying only the upper part. This correction was not made in the model. This lead to mismatches at this bus in SE results.
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* Detecting and identifying the bus splitting/merging issue via SE result

XF Femove | L~ B
[] 0.0 MW 0.0 MR
B oz MW o.0 MR MEAS
XF Remove | Y
L

3550 MW 99 1 MR

- 1 il 22
T | MEAS tap# 190
= L) LT = L x| femove | B—RE
] & 17 213.2 MW 18.8 MR
- =1 MEAS tap# 17.0
L [ ] ]
1 i - + XF | FETET I —=ss
.. Az 21 72.6 MW 5.7 MR
| Il L Lt ™ 3 -y i MEAS tap# 2z 0 g0 0 MW 5 9 MR MEAS
! LH I R o e I = Py
o 1600 3.5
147.5 MW 4.2 MR MEAS
LH I Remowe |
148 2 MW 3.1 MR
134 3 MW 1.7 MR MEAS
LH I Remowe l
23.8 MW 10.3 MR
| 90,6 MW 19 .8 MR MEAS
LI s 91.7 MW 14.7 MR
']' o -= 460 MW 9.4 MR MEAS
I | ! [ f
4 4 l 1 LH Remowve
I MR
| 1 i I 194 .4 10.6
rd [ | 173.1 MW 31.5 MR MEAS
' I “ | FEETE I
P 3 [ L 68.6 MW 17.0 MR
I g 53.4 MW 25.4 MR MEAS
- [ |
| — | LH I Remowe |
I |- CEE 11.6 MW 14.7 MR
e 358 MW 22.6 MR + MEAS
{ | (=1 i I
4 1 | LH Remowe l
. i 1 51.4 MW 24.9 MR
v 75.8 MW 1z .2 MR MEAS

(=]
-
=

_0 MR S Remove |
13


Presenter
Presentation Notes
Initially when Transformer A1 was in maintenance, and supply to lower part in the above diagram was through A2. After the maintenance on A1 was complete, transformer A2 was supplying only the upper part. This correction was not made in the model. This lead to mismatches at this bus in SE results.
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* Detecting and identifying the bus splitting/merging issue via SE result

*F I I - - Bus 4929 Istand 1 141 a KV 4 aps PU _33 3 DEG _Femcwe |
Remove _;I\iw R MEAS 147 7KV 3 g34 PU Meas Observable
] 0.0 0.0 -
0.2 MW 0.0 MR | MEAS | Remoe | p—3f——
3 0.0 MW 0.0 MR
XF | Remove | f—BE——
22 355.0 MW 99.1 MR .
MEAS tap# 19.0 XF I Remowe | p——3E———————————
3 0.0 MW 0.0 MR
% I Rerove | f—3EF—
17 213.2 MW 18.8 MR =
MEAS tap# 17.0 F I Remave I S
—l _Remove | 3 3 0.0 MW 0.0 MR
XF Remove —‘31:—
21 72.6 MW 5.7 MR
MEAS tap# 220 LH I Femove |
g0.0 MW 5 9 MR MEAS 2.0 MW 13.3 MR
LH I Femove | 0.5 MW 11§ MR -7 MEAS
160.0 MW 3.5 MR W I Remove_|
MW MEAS
147.5 1.2 MR 20 MW 2.3 MR
LH I Remaove | 2.6 MW 146 MR MEAS
148 2 MW 3.1 MR
1343 MW 1.7 MR + MEAS Bus 5oz Istand 1 142 aK¥ 1 par PU  _3p ¢ DEG _Remove |
= . MEAS 143 g KV 3 g37 PU Meas Observable
LH I Remave I XF I Fernowe | I ¥
23.8 MW 10.9 MR 0 0.0 MW 0.0 MR
a0_¢ MW 19.8 MR MEAS 0.2 MW 0.0 MR MEAS
LH I Remove I XF I Remoue I —
9.7 [l 2.9 [l 22 )| 414.8 MW #4.5 MR
46.0 MW 9.4 MR MEAS MEAS tap# 19 g
LH I Remove I LH I Remaye I
194.4 MW 10.6 MR 147.8 Mw 6.6 MR
173.1 MW 31.5 MR MEAS 1543 MW 4. 5 MR MEAS
LH I Remove I LH I Remoue I
68.6 MW 17.0 MR | 136.9 MW 3.2 MR
53.4 MW 25.4 MR - MEAS 136.3 MW 0.5 MR — MEAS
LH I Remove I LN I Rernous I
11.6 MW 14.7 MR 89.9 MW 26.6 MR
35.8 MW 22.6 MR MEAS 32 104_5 MW 18 0 MR MEAS
LH I Remove I LH I Remaye I
51.4 MW 24.9 MR 177.4 MW 22.0 MR
75.8 MW 12.2 MR - MEAS 1771 MW 31.5 MR — MEAS
cP I 0.0 MR l—’ — Remove I M m‘
3 i 42.6 MW 26.0 MR
L] 4k 1 MW 2R 4 MR MFAS

-

14
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* Detecting and identifying the bus splitting/merging issue via SE result

15


Presenter
Presentation Notes
Then our group called the operators to check the status of those two CBs, and got the reply that those two CBs were closed in the filed. Therefore, we checked the station models with the TSP, and got the reply that the jump line between buses didn’t exist in their model. 

The possible explanation for this problem is that there was some problem for transformer A1, and the transformer A2 had to feed all 138kV bus at that time, which made the line between the buses necessary. However, currently since transformer A1 is working well, the temporary line should be removed.
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* Detecting and identifying the bus the line/transformer impedance

|345 KV |
Bus 1541 Island 1 351.3 KV 1.018 PU -13.8 DEG  _ Remove 1
MEAS  352.0 KV 1.020 PU Meas Observable
LN Removi I
—I 48.1 MW 43.0 MR ©
65.0 MW < 29.0 MR « MEAS
336.4 MW - 15.5 MR
320.0 MW - 10.0 MR MEAS
XF I Remaove l —BE
(1] 141.3 MW 23.3 MR
LN I Remove I
336.4 MW - 15.5 MR
322.0 MW - 9.0 MR MEAS
I AAAA
LN Remove l
324.4 MW 41.8 MR -
254.0 MW 30.0 MR MEAS
ZBR l Remove l
158.8 MW 9 MR
Network Analyst Line Data RTNET REALTIME
FE s 'VALID SOLUTION
|anas - Find Line |
Line Company
Impedance Admittance
Segment Series Remove station Dead Open MW  MVAR 1ce  Condl
I_MAA ! |
LN 1 _| EromDoDd | -303 5 R aan 024100 I 16880.6 -32008

Jo _BBEB I 304 -48

 Detecting and identifying the shunt device parameter
16
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» Cooperation among groups inside ERCOT and between ERCOT and TDSPs is
very important to identify and correct the topology and parameter errors.

» Measurement redundancy is important to detect and identify errors. Errors in
areas with high measurement redundancy are much easier to detect compared
to those with low measurement redundancy.

By applying KCL rules as pseudo-measurements in SE, the bus mismatches are
used as another indicator for possible errors around a specific bus.

« SE monitoring tools can greatly help operations engineers to monitor the SE

performance, and check for discrepancies between analog measurements and
element status to provide a simple way to detect potential topology errors.

17
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