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Introduction and Purpose

* The methodology of estimating the conditional
probability of LOOP given a LBLOCA contained
In the LTR is based on the BNL approach.

« Because of NRC concerns expressed in the RAI,
the BWROG is proposing an alternate
methodology developed by EPRI for
consideration.

* The methodology acceptable to NRC will be
included in the LTR.
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EPRI Methodology

 EPRI approach is premised on the fact that the
pre-trip house load on the power grid is much
larger than the post-trip, post-ECCS actuation

load on the power grid.

In House Loads

Operating Shutdown
Reactor Coolant Pumps RHR Pumps
Circulating Water Pumps Circulating Water Pump
Electric Main Feedwater Pumps AFW (PWR only)
Condensate Pumps Condensate Pump
Containment Fan Coolers Containment Fan Cooler
TBCCW Pumps TBCCW Pumps
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NPP Large Pump Motor Loads

« BWR
— Rx Recirc Pumps: 2 X 5 MWe each (6700hp)
— Circ. Water Pumps: 3++, X 1750+ hp each
— RHR/LPCI Pumps: 4 X 4160V; (700hp) each
« PWR
— RCP: 224, 13.8kV or 6.9kV; 6000->9000hp
— Circ. Water Pumps: 3++,
— SDC Pumps: 4160V; 200hp
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Effect of LBLOCA on NPP
Electrical System

* One of the first NPP responses to a
LBLOCA will be a main-generator trip.

* It is the main-generator trip that may or
may not induce a LOOP.

* The probability of main-generator trip
following LBLOCA is 100%.

 However, there are many other events
that will cause a main-generator trip.

July 25, 2007 Estimating Conditional LOOP
Probability



Surrogate Events is a Function
of NPP Configuration

* Plants Equipped with Fast Transfer: Appropriate
surrogate for a LBLOCA/LOORP is failure to fast
transfer the plant loads from the main-generator
to the off-site source in response to a transient
(i.e., main-generator trip).

* Plants without Fast Transfer: Appropriate
surrogate for LBLOCA/LOOP is “main-generator
trip/undervoltage relay actuation” or “main-
generator trip/diesel generator start”.
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Probability Derived
from Event History

A fair estimate of consequential LOOP in
response to LBLOCA is the ratio the number of
coincident LOOP events over the number of

main-generator trips, excluding LOOPs that
Induce a main-generator trip.

— Numerator counts each real sequence having an

initiator followed by a main-generator trip, which is
then followed by a LOOP.

— Denominator counts each real event with a main-

generator trip in the sequence as an endogenous
Initiator.
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Event History

« From LERs and 50.72 Event Reports

« The data contains a total of 232 main-
generator trips in all NPPs (BWRS

and PWRs) from 1999 to 2006 Sites with endogenous

« Only four out of the 232 main- initiators and LOOP
generator trips were associated with a Site Date
plant-induced LOOP. Indian Point 31-Aug-99

« Events caused by grid-disturbances Diablo Canyon | 15-May-00
are not “consequential” because the
proximate cause was off-site.
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Plant-specific Estimate
Using Bayesian Method

« Step 1:Construct an exogenous prior — the
valid trips, and appropriate conditional

LOOP events that did not happen at that
plant.

« Step 2: Bias the exogenous prediction with
endogenous experience (Bayesian
method).
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Industry Prior:232 Events
1999 - 2006

Plant-centered events including the NPP

All Plant- All switchyard, excluding weather, that caused
Centered  Consequential the main-generator to trip.
vear Events LOOPS Sites with endogenous
A B C initiators and LOOP
I | .
1999 37 f—0 Site Date
2000 32 1 Indian Point 31-Aug-99
2001 26 Di
iabl nyon 15-May-
2002 2 ablo Canyo 5-May-00
2003 25
2004 30
2005 33
2006 29
232
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Industry Prior:232 Events
1999 - 2006 o T Pai _TEPRICall P |

31-Aug-99 INDIAN POINT 2 la P

Weather-Related and Grid-Centered 15-May-00 DIABLO CANYON 1 _ la P

are exogenous initiators. 02-Aug-01 Quad Cities 2 Ib w
All EPRI LOOP Categories and Descriptions 14'Au9'03 Nine Mile Point 1 la G
Ia No off-site power available for 30 minutes or longer to the safety buses.
Ib No off-site power available for less than 30 minutes to the safety buses. 14_Aug_03 Indian Point 2 la G
IIa With the unit on-line, the startup/shutdown sources of off-site power for the safety buses become
deenergized. The main generator remains on-line (connected to the off-site grid) and power for the safety . .
buses is available from a unit auxiliary transformer. 14-Aug-03 Indian Point 3 la G
ITb With the unit on-line, the startup/shutdown sources of off-site power for the safety buses remain energized 14-Aug-03 Ginna 1] G
but in question. There is low or unstable grid voltage, or there might be if the unit trips, or trips along with
a LOCA and emergency safety feature actuation. The main generator remains on-line (connected to the . .
off-site grid) and power for the safety buses is available from a unit auxiliary transformer. 14'Au9'03 FitzPatrick la G
I The unit auxiliary source of power for the safety buses becomes deenergized or unavailable, but off-site
power for the safety buses remains available, or can be made available, from a startup/shutdown source. 14-Aug-03/Nine Mile Point 2 la G
Utilization of this source may require a fast or slow automatic transfer, or manual switching from the
control room. A loss of unit auxiliary power that is the result of a unit trip is not a Category I1I event. To
be a Category Il event the loss of power from the unit auxiliary source must be the initiating event and 14'AU9'03 Oyster Creek Il G
precede the unit trip. Most problems that trip the unit off-line are not Category III events. A Category I11 14-Aug-03 Perry la G
evept is. more properl'y assqgiated with a failure of main electrical power.hardware that makes near term 14-Au 9'03 Fermi 2 la G
availability of the unit auxiliary source of power for the safety buses unlikely.
v No off-site power available during cold shutdown because of special maintenance conditions that does not
occur during or immediately following operations. 14-Jun-04 Palo Verde 1 la G
None  Event of interest
14-Jun-04 Palo Verde 2 la G
14-Jun-04 Palo Verde 3 la G
02-Aug-06 GINNA lib G

—
—_—
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Example Posterior Calculation

A “real NPP” using a list of 232 events with endogenous trip of

the main generator. Four trips were endogenous, 228

exogenous. All consequential-LOOP were exogenous.

Jefferies
NPP 1 Uninformed
All Plant- All Prlor |n a
Centered Consequential Exogenous  Exogenous  Endogenous Endogenous Pla
Year Events LOOPS Trips Loops Plant Trips Consequential L.dops gamma
A 5 c DeB.F EeCG - distribution
I causes one
1999 37 1 36 1 0
2000 32 1 32 1 o to count 0.5
2001 26 26 0 0 th
2002 20 20 0 0 TOI’ the zero
2003 25 25 0 o interval.
2004 30 29 0 0
2005 33 33 0 0
2006 29 27 0 0
232 228 2.5 4 0
1.10%'( 1.08%
(SUM(E)+0.5)/SUM(D) (SUM(E)+SUM(G)+0.5)/(SUM(D)+SUM(F))
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Example Posterior Calculation

A “one NPP on a two unit NPP site” using a list of 232 events
that tripped the main generator. Five trips were endogenous
to the site, 227 exogenous. One consequential-LOOP is

endogenous.
NPP |
All Plant- All
Centered Consequential Exogenous  Exogenous  Endogenous Endogenous Plant
Year Events LOOPS Trips Loops Plant Trips Consequential Loops
A B C D=B-F E=C-G F G
I
1999 37 1 36 0 1 1
2000 32 1 30 1 2 0
2001 26 26 0 0
2002 20 20 0 0
2003 25 25 0 0
2004 30 30 0 0
2005 33 32 0 1 0
2006 29 28 0 1 0
232 227 1.5 5 1
0.66% 1.08%
(SUM(E)+0.5)/SUM(D) (SUM(E)+SUM(G)+0.5)/(SUM(D)+SUM(F))
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Conditional LOOP Probability Relation to
RG 1.174 Goal

Conditional LOOPs Good faith
evaluations of

industry events will
result in different
counts for trips in
general as well as
deciding whether
or not a conditional
LOOP occurred.

Events

This analysis finds
200 250 300 350 | 2 conditional

Valid Trips LOOPs originating
at the NPP out of

232 trips of the
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Conclusion

« An appropriate surrogate for a LBLOCA/LOORP is
(@) failure to fast transfer the plant loads to the off-site source
In response to a generator trip event, or
(b) g transient that activates the UV relays for all NPP safety
uses.

By reviewing the generator trip events for plant-specific
applicability, plant-specific LBLOCA/LOOP probability can be
estimated.

« By the nature of the process, all NPPs assuming 232 valid
events and 2 consequential LOOPs will have a LBLOCA/LOOP
probability of 1.08%.

« Combined with a LBLOCA frequency of 7.6E-6/year, the
LBLOCA/LOOP probability will have a frequency of ~8E-8/year,

far less than the applicable core damage guideline values of
RG 1.174.
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Risk

* Risk = Probability * Consequence

* Risk Frequency
= Frequency * Probability * Consequence
« CORE DAMAGE =

IE * [Mit Failure PROB1] * [Mit Failure PROB2] * ...
* [Mit Failure PROBn] * HRA1 * HRA2 * ... * HRAN

* Risk of LOCA with Conditional LOOP =
LOCA Freq * Conditional LOOP PROB
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Bounding Values for
Conditional LOOP

* Risk of LOCA with Conditional LOOP =
LOCA Freq * Conditional LOOP PROB

 LOCA Frequency = 7.6E-06/year
» Conditional LOOP = {(Trips, Events)
* Trips in eight years 1 =2 232
» Conditional LOOPs in eight years 1 =2 232
 Maximum LOCA-LOOP frequency
is 100% * 7.6E-6
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Limiting Value for
Conditional LOOP

« Maximum value is 100% * 7.6E-6

« Maximum value of conditional LOOP
to achieve RG 1.174 goal of 1E-6
IS 1/7.6 or ~1.32E-01

* Toreach 1.32E-01, the number of
conditional LOOP events would have to
exceed 13.2% of all of the valid industry
events for the plant.
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Spectrum of Trips and Events
to reach 1E-6 goal

» At least 2 conditional LOOPs in 15 valid trips.

 Atleast 15 conditional LOOPs in 110 valid
trips.

* At least 30 conditional LOOPs in 230 valid
trips.

 Atleast 42 conditional LOOPs in 320 valid
events.

July 25, 2007 Estimating Conditional LOOP 20
Probability




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


