
Significant Operating Experience 
Report (SOER) 99-1 "Loss of 

Grid" 

Recommendation Implementation

SOER 99-1 "Loss of Grid" 

ýh c1 tI, f recent events

(including US events) associated with loss 
of grid 

*intent of the SOER recommendations is to 

help ensure barriers that protect nuclear 
plants from grid loss or degradation are in 
place

Attachment 3
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* Recommendation 1 - establish appropriate 
interface with the grid operator

• plant coordination with grid maintenance 
and testing 

- One station is correcting a weakness nhey 
identified in this area.  

* plant is made aware of grid status 

- One station is correcting weaknesses they 
identified in the grid early warning process.
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Evaluation of SOER 
Implementation .,

* began in June 2000 

• 14 Stations/27 Units evaluated as of mid 

October 

* implementation of recommendations 

- 61.5% satisfactory (complete) 

- 37% satisfactory plans in place for completion 

- 1.5% unsatisfactory



Recommendation 1 - establish appropriate 
interface with the grid operator 

* plant requirements and status are made known to 
the grid operator 

Some design inputs are being inserted into grid 
interface documents at 3 stations.  

• grid operator is made aware that the plant is an 
important customer 

Grid operator procedures require nuclear plants be 
given priority (for example: power restoration and load 
shedding), 

• LRecommendation 1 - establish appropriate 
interface with the grid operator 

*responsibilities for grid/switchyard 
equipment maintenance are clearly defined 

- Because of recent corporate 
restructuring/unbundling, three stations are 

revising agreements on grid/switchyard 
equipment responsibilities.
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&> Recommendation I - establish appropriate 
interface with the grid operator 

* One plant was found to have unsttIstaItonly 
implemented this recommendatiorn.  

Coordination of grid and station ,Nork -,xas r,n• 
controlled by a process (done informally).  

- Not all station voltage requirements were formally 

provided to the grid operator.  

Guidance on communicating important information was 
not thorough.  

= , +Recommendation 2 - verify procedure 
adequacy for loss or degraded grid 

* Generally plants were found to have appropriate 
procedures in place. Three stations found weaknesses in 
procedures for actions in response to degraded grid 
conditions. One station's procedures were found to have 
insufficient cautions for the operators t.o focus on plant 
safety and stability, and to ensure grid stability Kefore 
restoring off-site power. Two station %\x rc re ýsng 
abnormal procedures to specifically include (cegraded grid 

conditions.
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Recommendation 3 
verify high voltage grid distribution equipment under plant 

responsibility is in the plant PM program 

* Three plants are revising PM programs because of 
new corporate structures (mergers and 
deregulation).

Recommendation 4 

*confirm grid reliability and stability design 
assumptions remain valid 
- A station is discussing LOOP recovery times with the 

grid operator to confirm original design assumptions.  

* review trip setpoints - (Degraded grid voltage may 
result in unanticipated component trips prior io emergency 
power source automatic actuation.) 
- One station is in the process of mod ify in swv itchyard 

protective schemes because of station changes.  
Another station is verifying assumed ,Toltage relay 
setpoint drift.



SOER 99-1 Implementation

* Conclusions Based on Evaluations to Date 

Stations are actively addressing the SOER recommendations.  

With one exception, the stations evaluated have completed 

implementation of the SOER recommendations or have 

satisfactory plans and schedules for completion.  

Barriers that protect the stations from grid disturbances are in 

place. However, a few weaknesses in these barriers have been 

identified and are being strengthened.
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SRecommendation 5 - operator training 
train on degraded grid voltage, post loss of grid, and manual 

electrical bus alignments 

* About 64% of the stations evaluated are developing and 

implementing training on degraded grid voltage andlor 

recovery from LOOP with a subsequent LOOP. Simulator 

modeling and training schedules are the main hurdles in 

this effort. A significant amount of LOOP and Partial 

LOOP training was done in preparation for potential Y2K 

problems.
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A major goal in EPRts Technology 
Roadmap is Resolving Power Delive' v 
Vulnerability in years 1999-2003 

,-_ LOCP stuC cS Justa r ed tlrough t0I -e 7P"! EBase 
Pirom, ace Ihe bUasls cf Bays al, Updating cf PRA U:ata 

ses an-d :.tIheri U.reraLiliy studies 

EPR' P v ,er Deli.: In !Ettive. a 55M- selpaatei -Lppolled 
pirgrarr has 9he goal of reducing the North An ercan Grid 

vulnerability to disruption in service, particularly in the near 

term 

Integration with nuclear plant CRMP programs supporled by 

S800K joint DOE EPRI funds, with NEI support, under NEPO 
project Potential Nuc/eal Plant Vulnerabilities Arising from 

Grid Voltage Inadequacies

*List ofAcr~onyms*p

API Application Program interlace 

ATC Available Transfer Capacity 

CIM Common Information Model 

CRMP - Configuration Risk Management Program 

EFOR - Equivalent Forced Outage Rate 

EOOS Equipment Out Of Service (Computer Code) 

FG = Flow Gale 

GADS Generalor Availability Data System 

ICCP Inler-Control Center Prolocol 

IDC = Interchange Distnburron Calculator 

LOOP oss ol Orr Cute Power 

NEPO DOE s Ir luciear Energy Perlormance Optimizath,.r opogran, 

OTDF Outage Tlianser Drstributlon Factor 

P&ID Piping and Inslrumentation Diagram 

R&R UG EPRI s Risk and Reliability Users Group 

R&R WS = EPRI s Risk and Reliability Work Station 

RSDD Real trime Security Data Display 

SCIS Security Coordirator Irnformatron System 

TLR Tralismissron Loading Reliel 

V&R nrame oa a coipani

Integrated EPRI / Industry Involvement



I. Ii IRahn 

Nu),. ,.,h.'r 17. _i(1(1\1 

Nuclear I'o\\r I )i\'is ion E M•

LOOP Evnt

EPRI does a biennial study on LOOP events 
Thiotiqh 1)99 EPRI Report 1000158 

Th0 Ii3h 1907 EPRI Report TR 110398 

Throuqh 1985 EPRI Re-pori NSAC-103 

D Database includes 4,'l LOOP events and all nut reiatively minor 
partial LOOP events 

° Results based on in-depth collection and evalloation in contract 
to LOOP estimates created by mathematically merging failure 
experiernce of many individual ines buses. breakers, 
tansformners cables etc 

* '',.r,, tl-e era t e :f-e r p ,AehO . i.va]iable

21
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Results1 ofi LOO Eventsi rThroug 1999

"* R~c~-ct fý\,-ýr:pnce los rf 

"* Recent -:-xerience consiEe L1c :t 
lIcei thaýn pricr years 

L9 (D- 1: :t: ' 

,1H LII ~ 0J20i IFss- Peir~.I'n2 

mic ian Jii urn ef LOOP .eet is -- 15~ hc~

Srignfcn LOOP events TZ1998-I1999

*Davis Besse 61/24/98 
I ndian Point 2 8,,31,199 

*BraDIcILAood 1 9.,6:98 
*Clinton l1/6,,99 

* F.,-rt Calihýun 5,20,,98 

.1 eathei t>w 

:~ ~i~dJLnjige that cri ncl '
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* 9 partial LOOP events vvere evaluated ir ine~aI 

e b . f L, I r I ....  - :]: d I, ••. 'e a f cI it 4'' : pa 'ia -. :I I 

e Ml I, the 1 Mi L It C-I C-eraLity aI rIt thee : 
sf it ci-, t atage margin to s Lt latge I .: 

ca _- e c4 ed under .ne ' - e ase a ccyd+c I 

- ,',hen a unit trips off. local grid voltage vwll dOcc b, s r' e 
amount due to the lost generation 

- unforlunately, grid voltage that is needed to ensure adequate 
grid voltage during an accident cannot be verified !hrough 
direct reading of plant switchyard or safety bus values 

- the required grid voltage must be determined through 
analysis of arid and plant conditions

Power D

EPRI Power Delivery 
Reliability Initiative 

(Transmission Program) 

Presentation to the NRC 

Stephen lee 
Octobei 27. 2000( 

elivery Reliability Initiative S=-r ll
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Selected Partial LOOP events 1998-1999



Scope oI.IUf] Reiab .]ilI'it Infitiative

*D e , -v P t,'I ty c s 'es T!-. e C - er: vý,

Final Report. January 2000 

Final Report January 2000 

Completed. March 2000 

Atlanta. April 11, 2000 

P i Frobabilistic Risk Assessn eil :•:r r ' - , 

T -4 Probabilistic Risk Assessment -,1jr the Nc r! 4. 1 01) 

T 5 1 . Summer 2000 - Operating Toois 

Real Time Security Data Display. delivered-- June 15. 2000 

Tag Dump. Completed - June 15. 2000

EPR-I Poe elvr

"* Perform Probabilistic Risk Assessment (PRA) 
Study for three Interconnections.  
Complementary to NERC activities (e.g..  
workinq with the Reliability Assessment 
Subcommittee on developing and ,applyinq 
Probabilistic Aonroach) 

"* Develop Near Term Tools for Enriancinq 
Reliability
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"* Purpose, - to sr d a i, , , K ; _ f the 
grid re Iabilty ..- -: . - • :. , tire 

N. America) 

"* Data Displayec 
- Flowgate 'lowvs ý.:,d .-L.R 

- Voltages at up tO .- , CE_..se 

"* Color code (Red. Yellow and Blue) 
- TLR 3 and above is Red, TLR 1 2 is Yellow 

- Voltage below low limit is Red 
Marginal is Yellow

R1'] -~1Y~ Systm Architectur

ISN .ti•i Io• 11o%\IleVdI s and hus \ ol ta 4k~

i

T

7

Real-time Security Data Display (RSDD)
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* Purpose - to aggregate the near real-time 
historical and prospective E-tags into inter
regional (,control area to control area. or 
security coordinator to security coordinator) 
total interchange schedules 

* Applications 
- To perform operational planning studies g.. for 

the next hour) 
- To compute ATC for next hour or next dvy 

- To develop scenarios of severe transfer patterns

Sample Screen of RSDD

Tag Dump Program

8



I 1Tag Dmpii Inpu t arn d i 111 kOutputi

Bubýble 
D gruiagr7am:ýs 

Mh.--I 'ach hour - Ij mis ho illic 1.tI 
in eillct for CHTC1 hou 111OU 1 

ic nlc\r lull dak

I )o~k nl1oad a

IIiI ("\ Io im inl Input 
I0 ,*

I I

9
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Tag Dmp Pogra 

Statu an FuuePa

Released on June 15, 2000 and available to 
signatories of the NERC ConfidentKalýi.y 
Agreement 

Potential Enhancements or Applicactions 
nclude Distribution Factors to cm . :Dacts 

on Fiovgates. useful for Flow-bc~-e ,:,;<sment 
of Transaction Schedules 

- EPRI to analyze historical flow pattern, fo 

Reliability Initiative and as data e ,: - Security 
Coovrinators

I ()



Dat Reureet for

* One interconnection-wide power flow base 
case for summer 2000 

* Enough severe transfer patterns that stress 
the interconnection to reveal bottlenecks 
- Obtain historical flow patterns (e g. TagdunIp) 

Postulate as-yet unobserved flow patterns 

• Outage probability data 
- Geneiator EFOR from GADDS 

- Line and transformer outage from 
_',-tic tic q ! Pri5-_tic ,ship

II



Lin an Trasfre 

Ouag Probabilitie

"* Funders to provide statistical data for I-eir own 
systems if available. If nn-t. prov ide iine miles.  

"* In the rest ut the intercc nnection, use fcrmtjlas 
based on best sources that relate orhae rate to 
line-miles and voltage class. e.g_ 
- D 45ý kV I il .o •Gtage :v! : ýI' . i O 

hei iti e= 81 

- 345,138 Xfr outageyi = 0 05 
repair time = 7.1 .

"* To estimate line miles, use average impedance 
per mile for different voltage classes

"• Take all Reliability, OTDF and Contingency 
FGs (about 700 in the El) 
- For each FG. define the center of a FG Zone as 

the set of terminal buses of all the monitored 
elements of the FG 

"* Between each pair of FG Zones. define the 
distance as the minimum number of 
lines, transformers that will connect the two 
centers (or sum of impedances) 

"* Reduce the number of FG Zones to a 
manageable number by merging adjacent 
Zornes with distance N

12

Assumptions - Zone



huhsumpt ions -1 ZonmU'e]II

Re-define the center -- eachj T. ,-the 

comhined set ':f huses represent- q 1
-enter of each (-:ri inal FG Zone 

Define the Zone membership of each b-us iti 

the Interconnection as foilows 

- Determine tl, e -: oces~ t ilstar, ;f e-&ch s :to t lie 

center of each Zone. measured by the smallest 

number of lines transformers separating the bus to 
center" buses 

- Each bus belongs to the Zone to which its 

distance is shortest

0 Center ot'a FG

13

Concept of Zone

!)stiwnc hwen bt"(;1i FG d FG2 = 5



A d va ntagI. 4.es U of(S F G Z o n e D efiniti o h []

"• Based on known physical elem-:W ,.  
potential reliabilitvy o 

"* Not hased in organiznali.•on, a ,. to, ) ' , 
likely to span adjaceir I -nities .> , s 

"* Each Zone is a physical (electicafly 
connected) area for si tm.r arizing the 
reliability behavior (thermal overloads and 
voltage limits) of the elements inside the area 

"* The constrained and constraining elements 
within the Zone is not limited only to the 
elements defining the FG itself

Contingency Criteria should be the same 
within the Interconnectionl, 

- N-1 L All lines and transf ,m er..,-.,, ri .,;; 

voltage and above. Wha-t is th;al vo1a0e ! 00 kVJ 

- N-1 G All generators above ;a -ti. ize.  
"v'hat is tIat size? I1 'D , iV ý 

- N-2LL. Any two of N-.!L w;"hih te •-- mone 

- N-2LG Any 1 of N-iL .I of N-kT ', the 
sarne ZoL-'e

14

Assumptions - Contingency



Combined Generation and 
Transmission Reliability 

Stephen Lee 
EPRI 

October 27, 2000 

Power Delivery Reliability/ nitiative __ ErF2rrl

RI~~isk and Reliabilt IndiceslT~

1ý i,,k \' , I :d1 li m w ( )1-v i,1(mk I 1 kc i hib i I II lP , ~n 11111 

Computed over a time interval [0. 7"-Computed for a -ar dom tI(me d.ving 
planrtinq peoiod 

Model Failures and Repairs ... -- * Mode! \vaiiabfly 

Consider Transition of Disturbances (e'vens i*'-* Consider Sit-ran, en'; tate 

Focus on High Impact Rare Events -.- c De 'e ar ,A.•er-e Eehavior 

Result Pertain to Real-Time Operation * Result Pe-i i c tc Sý,stem Structure

15



"* Risk Reliaiblity Index - P;r i iL,' *r -pact 
"* PR(i4ahility is the prroba ilitya . , . ig 

Ihe Impact. that is. the pf -r, ,t; 
contingencies that cause the T;, A 

" Impact is measured by seventTV 
-Theimial overload IMW) 

Voltage violation (°o V deviation fic,; i, 

- Voltage stability 

- Dynamic stability

200.00 100.00 
G Bu 27Swing Bu4 

Series comp 

X2 X 
13 .6 

Ll X4 1 ,L2 

VBu s2 1.4 Bus 3 

L LL+L2 
1 0.00 150.00
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Definition of Risk / Reliability Index

Network for Illustrating Secure Region



Secure Region

Il,')f

Generator I Secure Region ,I'lojd"' 

Output With no outage 

1"0th 1 A)" !ld 300

200S00 Rel Fp 

-W3 SNN 

0 10000 !--3 SF 

S-62-3 N 

-C'2-3 P 

I- Swino N 
000 Swigi 

1I00O00 

-200 (00

Total Load

IkA

I

I,'d

300(Total L~oad



- Look at No OtltE-,ge Case

* Look at 
circuits

L i e 1 -2 kt 1 out -.. I...  

",lth identical rating)

"* Look at Line I - 4 ckt 1 out (assu.•ng V.  

circuits vv ith identical rating) 

"* Look at both 1ines out

I1

Secure Region 

With I of 2 circuits from Bus I to 2 Out 
400 00 

30000 

20000 0 p 

61 

10000 -G3p P 
- 23 p 

000 

10000 

200 00

Total Load

How Do Line Outages 
Affect Secure Region
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300 

Generator I Sccurc Rcu ion I I) 

( )UtlUt With no outi.,c 

SCcUI'C IRcizion I R I 
\Vith 1- -I ck I) out

300Total Load

Secure Region 

With I of 2 circuits from Bus I to 4 Out 
400 00 

30)000 

200 00 GSP 
O:mt3 fi. g I io~ G,61 2N 

6,1 2 P 

-G3 s N 

( oo10000 6R2 P 
S.... : - '. .. . ,- I G 2-3 N 

- G2-3 P 

000 5 N 
) S-r4 P 

10000 

200 O0 

Total Load

,'J



Total Load

I r1� I

300)

300



SCcurc Rci2ioii 
\Wilh no 1OLI. l1)C

300Total Load

Attac P'robabiitiest rRegionsTrr

* Assume outage probability for the two circuits as 
follows 

-L , 11e A 7 :,•2 001 

LineB 1to4 0.05 

* Assume all other elements are perfecty re!table 

* P (no -utage) = 0.99 x 0.95 = 0.9405 

* r-hi. A out, B in) = 0.01 x 0.95 = 0.0095 

SP (R2: A in. B out) = 0.99 x 0.05 = 0.0495 

SP R3 Aout. Bout)=0.01 x0.05=0.0005 

* Total Prob = 0 9405+0.0095+0.0495+0.J005 = 1 0

300)

21
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1. 1 '1 Y ; ýI I i:, III I

300(] t l allii \ c l~ bI~I Iii IC, CfI c)Cstfll ll?( I nlu' 01 Oih 111

Generator I 
On pUt

) I kH¾I dILi' Iv I' 

11[1c 'hIi 4

= 0 905

Total L oad 30()

Sa:LiucRcŽn 
W\ithi nit 4)LI!S'-C

300 4;Total Load

22-

.
.
........ 
.  

ý95 ýý9 = C, 

00005+099 
00005 +099 

00095 +094

AL

AL

111CIV I,, A 

C I I L ý, ILI ill '2 
09405 

0 CI-A"6 + 0 9405 = 0 99



300)

- :Reliabiit Analyis Program.

V& R 
Contingency 
Analysis

*
Reliability 
Analysis

( hiect I )uaj ac 

-I Illpil Is.  

-GIndpic il".

G;eneratorw I
Output~~ (1)Ni

4- N-0)

'Red

Total Load ( L) 300) 4 ý
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Deterministic Critical Contingencies Define a Boundary Between the 
N-0 and the N-N State to Separate the Reliable Region from the 
Unreliable Region, but They do not Comprise All Unreliable States 

\ [; ik ll• ii\II ' I41C I I}, I 

II I I 

N-A) N-N 

" eI ol'l {} I R I ),h-Ih ' that, [ 1[ I IIL Il III it aliinla el at D I lT I)]{•, '% I,.] l,-", 

I N•.'l , w ch•i `ni kllllx un • II IJIR L',l ItI' heIl l ll;l ýI II b\' 1)1,c•; l¢{ h {lXl~llý ll l• pn,•,' •'Ju { 

I ~ A C•ll l[ Ll oIR llhi' lllu"m, i,ýIdill I'1111 Ih,,.] I lilo•2twldc[ '_•{lc .lllll N .01 10 )IIv~el l'lllLIl 2111, 

i S '1•*1u' iR';l 'lH lil•.'l','i•'• h L.' lli•'I ~l~it~ h,,I.'L'nII~ x],.,. l•.' Ii. IR T }l\l~lll• mu'd,4 ',

Computing Probability of Undesirable Impacts 

More elements out , N "\I 

•-,•'i ~ ~ 1 1. IIdIH 11"'h }•• '1H'" !;1 JI 1)+ !+, 111+;R + Cd', I+'.+,l, II ctl•'
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Idealize Pl 
Varou Ris Lee of Operation

H'j \ Ii

" Risk-based Operation provides an objective 
basis for trading off reliability with market or 

economics - leads to new Business Practices 

" Conversely. Business Practices affect system 
operation which shows itself in terms of 

different levels of Reliability 

" Transmission Planning (which considers 

reliability) must take into account The impact 

of Business Practices on how the GrVd is 
operated. and the subsequent (mA,' o 

.)pHation on Reliability

26
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Cooperation w 6 p~jith NEU h

* NERC -ec'l rity C(ui;ml"te &r+ I the 
f•l'tjatKv & Mar';r 2O 

* NERC . c,ýrlty ", ,-( the 
Workshop on SLuw~mer 2000 0; , 

Strategies in Api i 7000 

"* NERC Adequacy Committee in Jih2v 200 

directed the Reliability Assessmen't 
Subcommittee to cooperate with EPRI 

"* NERC Market Interface Committee in August 
2000 endorsed the Initiative

Frank Rahn 

EPRI 
CC-ber 27 2000 

Nuclear Power Division EP' 21
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Cocusionsrg I

* Short and long-term LOOP experience is stable at 
very favorable rates 

* EPRI ivith NERC DOE and User G-op * ppý-!i is 
demonstiating a practical PrRArme.IIýodoirc1'P, r 

iet 4C Utage statistic s onflPd 1 $ ai1. 'IIQ1( 

Plannriin g 

:'~igr C F'MIF T o * ý ~ .  

-lii V measuir 2 ý
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Ris Moi-n u;mitor Avrchitecture

�1 Icli] II IC 1 K XlmI\ ,CJ 

101111

*(irid M&Tp with Bottletieck.  

D Irill Dow~&n to linpoilance



DRAFT 10/27/2000 
Workshop Title,: Grid Reliability at Nuclear Power Plants 

Workshop Subtitle: Managing Nuclear Plants and Transmission Systems to Improve 
Overall System Stability and Safety 

Sponsors: Nuclear Energy Institute and Institute of Nuclear Power Operations 

Loca~tion: (TBD) 
Dates: April, 2001 
Focus:.  

ri7me Topic Presenter 
1-1:00-1:00 Registration 
1:00-3:00 Plenary.- Arid Re/lability Perpecives 

Welcome NEI/INPO 
keyno0te TBD 
Electricity Market Overview (Past, Present, Future) NEI 
Challenges Presented by Flectriclty Malrket Changes NERC 
RQecent Station Blackout Experlence EPRI 
The S1-1di~e/iobity - Nuclear Safety Conn~ecti~on INPO 

3.-00-3:-20 B9REAK 

3-'20-5.00 Panel Session: Nluclear P/ant Experilence INPO, EPRI, Sites, 
Transmission Providers 

5:30-7:30 Reception ___________ 

8.:00-.9:'30 Plenary: Arid Reliability llssulesI 
________ ridQehobi,6&ty (NPRP Issules, Events, Con7cerns) NEI 

dRegulatory Perspectives onWNPOffsite Power Pellabli/ty NPC 

Nluclear Power Indus5try RQecommlelndatiOns INPO 

9-:30-9-:50 Break 

-9:50-10:50 Plenary: Design Analysis and hfodifica ions INPO, Sites, EPRI, Other 

10:50-11:45 Plenary: Preventive Maintenance and Equipment INPO, Sites, EPMI, Other 

Configuration Contro ___________ 

11:45-1:00 LUNCHV
-1:00-2:00 Plenary:' P/ant Procedures and Tralining INPO, Sites, Other 

2:00-3:00 Plenary: Trlansmission Provider-Site Xnterface INPO, Sites, Transmission 
Providers, Other 

3:00-3-15 BREAK 
3:00-5-00 Breakout:, Transmission Provider - Site Interface ___________ 

8:'00-10:'00 P~lenary:- Response of Industfry Organizations to0 
AridY Voltage Reliability Issues 
Peport on Regional Breckouts 

__________EPRI Power Delivery Reliability Initiative EPRI 

_______Other TBD 

9:-45-10.:00 Break 
10:00-11:00 Closing Session ___________
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