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ABSTRACT

The Nuclear RegulatoryCommission(NRC) requiresutilitiesto

determinethe responseof a pressurizedwater reactor (PWR) to a steam .

generatortube rupture (SGTR)as part of the safety analysis for the

plant. The SGTR analysis includesassumptionsregardingthe presenceof ,.

fissionproduct iodine in the reactor coolantresultingfrom iodine

spikes. Due to uncertaintiesin the consequences,the NRC has designated

this class of accidentas a generic safety issue. To get a better

understandingof iodine spiking,reactortrip and associated

radiochemistrydata were collectedfrom 26 PWRs. These data were compared

againstvalidationcriteriato determinetheir applicabilityto an

investigationof the magnitudeof an iodinespike followinga reactor

trip. The applicabledata and the resultsof a statisticalanalysis are

presented. Conclusionsare made concerningthe magnitudeof an iodine

spike during an SGTR and these are comparedwith the NRC analysis

criteria. The conclusionis made that the iodine releaserate specified

for analysisof an SGTR is overly conservativeand could be reduced

significantlywhile still maintainingadequateprotectionto the public.

The formalismrequiredby the Standard Review Plan in determiningthe

releaserate is judged to be inappropriateand an absolute release rate,

based on plant electricpower, is recommendedas a replacement. A value

of 0.710 Ci/h*MW(e)is recommendedfor considerationas a replacementfor

the current iodinereleaserate specificationfor an SGTR with coincident

iodinespike.
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SUMMARY

The concernregardingthe consequencesof a steam generatortube

.. rupture (SGTR) is dominatedby the assumedpresenceof fission product

iodine in the reactor coolant. These consequencesvary considerably

-_ dependingon several factors:the concentrationof fissionproduct iodine

in the reactor coolant (iodinespike),transportof this iodine to the

secondaryside, mixing with secondarycoolantto dilute the iodine

concentration,partitioningof the iodine betweenliquid and vapor in the

steam generatorsecondary,transportof the iodineout of the steam

generatorto the environment,dispersionof the iodineoff-site,and

exposureof the public to the iodine (dose). This study concentratedon

the first aspect,concentrationof iodine in the RCS coolant due to iodine

spikingin c_njunctionwith an SGTR.

The StandardReview Plan (SRP) used by utilitiesin producinga

Final Safety Analysis Report,lists two categoriesof SGTRs: 1. an SGTR

which occurs sometime after initiationof an iodine spike; and 2. an SGTR

which occurs coincidentwith an iodine spike. The SRP guidelines for

analysisof the first categoryspecifythat the RCS iodineconcentration

be assumedto vary with the reactorpower, a concentrationof 60 _Ci/g

correspondingto 100% power. The guidelinesfor analysisof the second

categoryspecifythat the initialRCS concentrationbe assumed to be

I _Ci/g and that the iodinereleaserate (from the fuel to the

coolant)be assumedto increaseby a factor of 500 upon initiationof the

transient, lt is the secondanalysisthat is addressedby this report.

Data from 26 PWRs were collected includinginformationon reactor

trips and associatedradioiodineconcentrations. A data base on the

releaserate of iodine from the fuel to the RCS was developedfrom these

data and this data base is presentedin this report. The data were
Q

statisticallyanalyzedto determinethe probabilitythat a reactortrip

would result in an iodine spike of a given magnitude. An SGTR event from
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power invariablyresults in a reactortrip. Therefore, it is judged that

the probabilitythat an SGTR event resultsin an iodine spike of a given

magnitude is the same as that for a reactortrip.

Based on the resultsfrom the statisticalanalysisof the data base,

it is concludedthat the current specificationsfor the assumed iodine _.

releaserate in an analysisof an SGTR with coincident iodine spike are

overly conservative. The magnitudeof the assumed release rate could be

reducedsignificantlywhile maintainingadequateprotection to the

public. In addition,the specificationof the release rate could be

changedto reflectan absolutereleaserate rather than a ratio of

transientto steady state release rates as is now the case. A value of

0.710 Ci/h*MW(e)is recommendedfor considerationas a replacementfor the

current iodinereleaserate specificationfor an SGTR with coincident

iodinespike.
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PROBABILITYOF THE IODINE SPIKE

RELEASERATE DURING AN SGTR

INTRODUCTION

In pressurizedwater reactors(PWRs),water in the primarycoolant

system is pressurizedto prevent it from boiling. This high-pressure

water is circulatedthrough heat exchangertubes in the steam generators

where its heat is transferredto lower pressure secondarycoolant,

producingsteam which is used to generate electricalpower. The tubes

representa large fractionof the reactorcoolant system (RCS) boundary

and ruptureof these tubes can result in a direct path to the en"ironment

for primarycoolant (containmentbypass)througheither the atmospheric

dump valves or secondaryrelief valves. Since the primarycoolant can

carry radioactivematerials,a steam generatortube rupture (SGTR)

accidenthas been designatedas a design basis accidentfor PWRs and is

analyzedas part of a plant'sFinal Safety Analysis Report (FSAR). The

NuclearRegulatoryCommission(NRC) regulationsregardingthe FSAR for

PWRs are listed in Title 10 of the Code of Federal RegulationsPart

501. Guidelinesare providedfor interpretationof these regulationsin

the StandardReview Plan (SRP)2. A previouslyissued report3

documentsthe results from a task to evaluate the risk involvedin an SGTR

event and includesdata from commercialPWR operationson the magnitudeof

iodine spikeswhich could occur during an SGTR. These data were

documentedin Licensee Event Reports (LERs)by the involvedutilities.

This report containsthe resultsof a study that was conductedto address

the probabilitythat an iodine spike of a given magnitudewill occur

during and as a result from an SGTR.

"_ REQUIREMENTSFOR ANALYSISOF IODINESPIKINGDURING AN SGTR

The current requirementsfor analysisof the design basis SGTR event

specifythat an iodine spike must be assumed to occur during the event.

An iodinespike is a temporaryincreasein the concentrationof fission



product iodine which sometimesoccurs as a result of a large reactorpower

or RCS pressurechange. The iodine,a fissionproductwhich is released

to the coolant, comes either as a productof the fissioningof tramp

uraniumon the fuel elementcladding surfaceor from the fuel itself,.,

being releasedthroughtiny holes in the claddingof otherwiseundamaged ""

fuel rods. This iodine (specifically1311) representsthe principal

source of radiationwhich is potentiallyleakedto the environmentduring

an SGTR. The presenceof this iodinecauses the principalconcern during

this design basis accident.

There are two specificassumptionslisted in Reference2 for the

determinationof iodine concentrationin the RCS during an SGTR, each

requiringa separateSGTR analysis. The first analysis includes an

assumption_hat an iodine spike occurs prior to initiationof the SGTR

which raises the concentrationto a constant (duringthe accident)value

specifiedby the applicablestandardtechnicalspecification4,5,6. This

value ranges from 60 to 275 #Ci/g, dependingon the reactor power, and

is the same for each of the vendor standardtechnicalspecifications.

Figure ! illustratesthe iodineconcentrationto be assumed in this

analysis.

The second analysisto be performedassumesthat the iodine

concentrationresultsfrom an accident-initiatediodine spike which

increasesthe iodine releaserate (the rate at which the iodine is

releasedfrom the fuel element)to a value 500 times greater than the

steady-staterelease rate. Reference2 furtherdirects that the steady-

state releaserate should correspondto the iodine concentrationat the

equilibriumvalue listed in the vendor standardtechnicalspecification.

This equilibriumiodineconcentrationis I _Ci/g and, as is the case

for the pre-accidentiodinespike, is the same for each of the vendor

standardtechnicalspecifications. This report addressesthe second SRP

analysiscategory. The first SRP assumptionis addressedin detail in

Reference3. The data base in this report is insufficientto addressthe

first assumptionbecausethis data base includesonly iodine spikes caused
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by reactortrips and does not include any other possible initiatorssuch

as power increasesor pressuretransients.

The values for iodine concentrationin the RCS during an SGTR -p

analysiswere specifiedin the early IgTO's,prior to the existenceof a

significantdata base. At the same time, utilitieswere requestedto _.

start generatingdata on the concentrationof iodine in the RCS during

power excursions. Though the requirementswere not uniformfrom utility

to utilityor even from plant to plant within a utility, a potentially

large base of data has become availablewith which to assess the behavior

of radioactiveiodinewithin the RCS and evaluatethe SRP specifications

for assumediodine behaviorduring an SGTR.

ANALYSIS

The objectiveof this task was to determinethe probabilitythat an

SGTR would result in an iodinespike of a given magnitude. In the

analysisbelow, this probabilityis consideredto be equal to the

probabilityof a reactortrip resultingin an iodine spike of the same

magnitude. The methodologyused in this task was to first develop a data

base of reactortrips and associatedradioiodineconcentrationsfrom

commercialPWR operations;secondto bound the magnitudeof the maximum

iodineconcentrationfollowingthe trip; third to determinethe release

rate from the fuel to the RCS during each event; and finally to estimate

the desiredprobabilities.

Iodine SpikinqData Base

Fewer than ten SGTR events have occurred in US PWRs. Thus, the

iodine spikingdata from these events alone are insufficientfor

predictingthe behavior of future iodine spikingevents. However,an SGTR

occurringduring power operationswould result in a reactortrip, which is

a large power excursion. Since it is this power excursionwhich causes

the iodine spike, it may be assumedthat the probabilitythan an SGTR
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event results in an iodine spike of a given magnitude is equivalentto the

same probabilityresultingfrom a reactortrip. This a;sumption,that it

is the reactortrip which causes the iodinespike rather than anything

else associatedwith the SGTR itself, allowsa much larger data base to be

" developed. There are other phenomenawhich can affect the iodine spike,

specificallya power increaseor a pressuretransient. The power increase
b

(for example, if the reactoris quicklybroughtback to power followinga

spurioustrip) may be ignoredsince it is highly unlikely that such a

transientwould occur if the initialreactortrip was caused by an SGTR.

There is a pressuretransientinherentwith a reactortrip since the

principalheat source is immediatelylost when the control rods are

insertedwhile the heat sink is maintaineduntil the main steam stop

valves can be closed. Additionalpressuretransientsmay occur as the

operatorsattemptto bring the plant to a safe shutdowncondition.

However, it is expectedthat operatorswould require some time to diagnose

the transientand initiatedepressurization(- i/2 h). Buildupof the

iodine is exponentialand thus a large fractionof the concentration

increasewould occur prior to the pressuretransient. Therefore, it is

consideredthat any perturbingeffectsof a depressurizationtransient

will be relativelysmall and are adequatelycoveredby the conservatism

built into the analysis.

Iodine spikingdata resultingfrom reactortrips were collectedfrom

26 plants. These plantswere selectedfrom all regionsof the countryand

from all three PWR vendors. The PWRs are listed in Table I which includes

the plant, operatingutility,vendor, time frame from which the data were

collected,and the number of events which ultimatelysatisfiedthe

validationcriteria. Of the plants used in this study, 13 (50%)were

Westinghousedesign, 5 (20%) were B&W design, and 8 (30%) were CE design.

As the data were collected,specificcriteriawere used to ensure that

these data could be comparedand that the resultingdata base would be

, valid. These criteriawere as follows"
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I. There must have been a period of at least 5 days of steady state

power operationsprior to the trip. This criterionwas set so that

sufficientfissionproductinventoryhad built up to measure the

iodinereleased from the fuel. Five days of operationresults in a

"" minimum of 35% of the equilibriumconcentrationof fission product

1311 in the fuel. In nearly all cases, the steady state power

operationslasted severalweeks rather than the minimum 5 days.

2. The steady stat_ iodineconcentrationprior to reactortrip must

be known. In general, I - 3 days of concentrationvalues were

averagedand used in the analysis. The scatter in the data was very

small, typicallyless than 20% of the averagevalue.

3. There must be a post-tripRCS sample taken between2 and 6 hours

after trip. If the sample is taken prior to 2 hours after trip, the

buildupof iodine in the RCS may not have peaked. If the sample is

taken later than 6 hours after trip, the concentrationmay have

decreasedtoo far. The concentrationof this sample is used to

bound the maximum iodineconcentrationduring the iodine spike, as

discussedin the next section.

4. The post-tripRCS samplemust be taken prior to startingthe

reactorup after trip. The power excursionassociatedwith reactor

startupcan also cause an iodinespike which can mask the spike

associatedwith the trip if startupoccurs prior to the sample.

5. In addition,all of the requisiteinformation(purification

flow, trip date and time, post-tripsample date and time, etc.) must

be available.

These five criteriawere appliedto each reactortrip event and

those events which did not meet the criteriawere not includedin the data

base. For example, Criterion3 eliminatedapproximately40 % of the

events (includingall of the eventsmeasured in Oconee-1and Oconee-3)
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which had passed the other four criteria. Criterion5 eliminatedall of

the data from CrystalRiver 3 becausethe purificationflow was typically

changedafter trip but the exact timing of the change could not be

determinedfrom the availabledata. While statisticswere not keot on the

other three criteria,it is estimatedthat only approximately10 - 20% of ""

all the reactortrips which were studiedresulted in valid events for this
.a

data base.

Applicationof the validationcriteriaresulted in the followingmix

of events by vendor: 103 (61%) of the events from Westinghousedesign, 4

(2%) of the events from B&W design,and 61 (37%) of the events from CE

design plants. The low representationfrom B&W design plants resulted

from a combinationof few plants which had operated for a significant

period of time, coupledwith failure againstone or more of the validation

criteria as discussedabove, lt i_ judged that the use of these criteria

did not result in any bias to the data eithertoward higher or lower

iodine spike concentrations,except as discussedbelow.

Utilitypersonnelprovideddata for all reactortrips within a time

period. This time period varied from plant to plant due to ease of

retrievalof the data. In many cases, data from the early operationsof a

given plant were insufficientto provideeventswhich met all the

validationcriteria. This was becauseeither samplingduring early

operationswas less frequent(typicallyonce daily) or because the data

could not be retrievedwith reasonableeffort and time. Thus, the

resultantdata base is biased toward later operationalperiods. For

example,of the valid events,94% occurred since 1979 and 50%, since

1984. This may bias the resultantdata base toward smaller iodine spikes

becausefuel manufacturingtechniqueshave improvedand current fuel may

be expected to have fewer defects. The conclusionsbased on this data

base are still judged to be valid since they concernfuture iodine spikes.



The resultantdata base is listed in Table 2. Included in the table

are the plant, NSSS vendor,the trip date, percent reactorpower prior to

trip, the pre-trip iodineconcentration,post-trip (betweentwo and six

hours after trip) maximummeasured concentration,and the calculated

-- iodine releaserate for each of the transientevents. The release rate in

this table is based on the boundedmaximum iodine concentration(three

" times the measured post-triPconcentrationas discussed in the next

section)and an assumedtime after trip of 2 h (as discussed below).

BoundinqAnalysis for Maximum IodineConcentration

An analysiswas performedto bound the actualmaximum iodine

concentrationbased on the data. This analysiswas necessarybecausethe

iodineconcentrationwas not monitoredcontinuously.

The data in Table 2 could not be used for this analysis because in

most cases the iodineconcentrationdid not exceed the technical

specificationlimit of 1_Ci/g and thereforetoo few sampleswere

obtained. Instead,data used in this boundinganalysiswere obtained as

follows. Iodinespikingeventswere extractedfrom LicenseeEvent Reports

(LERs) Of the 144 such events listed in Reference3, those events were

used for which the shape of the iodine spike trace could be approximated.

Eventswere not used if there were only two values for the iodine

concentrationin the first 14 hours, or if there were no measured values

before six hours. They were not used becausethere was no basis for

determiningthe maximumconcentration. There were 23 usable events from

the LERs plus one from the data provided by a utility. These 24 events

are listed in Table 3, which includesthe estimatedconcentrationsat two

and six hours after trip, the minimummeasured concentrationbetweentwo

and six hours, and the estimatedbound on the maximum concentration. The

full data used in this boundinganalysis,formingthe basis for Table 3,

are included in AppendixA to this report.



Table 2: Iodine Release Rate Following a Reactor Trip (a)

No. Plant NSSS Trip Power Pre-I Post-I R3 (2)

Vendor date % (uCi/g) (uCi/g) (Ci/h)

1 ANO-I B&W 800822 i00 5.64E-01 1.44E+01 5.53E+03

2 ANO-I B&W 801208 75 2.46E-01 7.43E+00 2.86E+03

3 ANO-I B&W 850531 i00 7.02E-02 3.32E+00 1.28E+03 . .

4 ANO-2 CE 800129 i00 2.61E-01 1.lIE+00 3.36E+02

5 ANO-2 CE 800624 i00 1.28E-01 3.00E-01 8.48E+01

6 ANO-2 CE 800724 I00 Io27E-01 4.39E-01 1.30E+02
7 ANO-2 CE 810217 I00 1.23E-01 1.lIE+00 3.47E+02

8 ANO-2 CE 810820 i00 3.62E-01 4.81E-01 1.20E+02

9 ANO-2 CE 811123 i00 5.05E-02 1.79E-01 5.30E+01

i0 ANO-2 CE 811221 95 6.47E-02 2.46E-01 7.36E+01
II ANO-2 CE 840617 i00 4.06E-02 1.94E-01 5.89E+01

12 ANO-2 CE 840720 i00 3.08E-02 1.53E-01 4.66E+01

13 ANO-2 CE 840828 i00 2.98E-02 1.71E-OI 5.25E+01

14 ANO-2 CE 841026 i00 4.43E-02 2.36E-01 7.22E+01

15 ANO-2 CE 850204 i00 5.51E-02 3.88E-01 1.20E+02

16 ANO-2 CE 850813 i00 9.25E-02 6.83E-01 2.12E+02

17 ANO-2 CE 860211 i00 5.75E-02 9.00E-OI 2.86E+02

18 ANO-2 CE 860421 i00 4.80E-02 8.74E-01 2.79E+02

19 ANO-2 CE 870909 i00 5.06E-03 6.07E-03 1.47E+00

20 ANO-2 CE 881201 i00 7.82E-02 5.45E-01 1.69E+02

21 ANO-2 CE 890418 i00 4.17E-02 5.31E-01 1.68E+02

22 CalClf-i CE 810116 92 3.24E-03 1.70E-03 3.01E-01

23 CalClf-i CE 820711 84 3.59E-03 2_64E-02 9.56E+00

24 CalClf-i CE 830126 I00 2.86E-02 4.48E-01 1.66E+02

25 CalClf-i CE 830919 96 2.15E-02 2.75E-01 I.OIE+02

26 CalClf-I CE 870911 i00 4.23E-02 3.95E-01 1.44E+02

27 CalClf-2 CE 870301 95 7.44E-02 8.58E-01 3.15E+02

28 Catawba-i W 860419 i00 4.70E-03 3.88E-03 1.00E+00

29 Catawba-I W 860514 i00 5.50E-03 3.15E-02 1.18E+01

30 Catawba-i W 870409 I00 3.90E-03 3.54E-03 9.59E-01

31 Catawba-2 W 870128 I00 8.10E-04 1.89E-03 6.56E-01

32 Catawba-2 W 870506 i00 6.10E-04 9.34E-04 3.02E-01

33 Catawba-2 W 870727 90 3.80E-04 2.91E-04 7.23E-02

34 Catawba-2 W 880626 i00 6.10E-04 6.80E-04 2.00E-01

35 Catawba-2 W 880929 95 4.60E-04 7.88E-04 2.60E-01

36 Cook-i W 860722 90 2.40E-03 5.67E-02 2.34E+01

37 Cook-i W 861122 90 2.10E-03 4.84E-01 2.10E+02

38 Cook-I W 870604 90 2.20E-03 2.99E-01 1.30E+02

39 Cook-i W 881123 90 1.00E-04 8.00E-04 3.36E-01

40 Cook-2 W 841119 96 1.20E-03 8.00E-04 1.89E-01

I0



Table 2: Iodine Release Rate Following a Reactor Trip

(continued)

No. Plant NSSS Trip Power Pre-I Post-I R3 (2)
Vendor date % (uCi/g) (uCi/g) (Ci/h)

41 Cook-2 W 860201 80 1.40E-03 3.O6E-02 1.26E+01

42 HadmNk W 851110 i00 1.30E-02 2.37E-01 7.41E+01

43 HadmNk W 851121 i00 6.80E-03 8.96E-02 2.79E+01

" " 44 HadmNk W 860604 97 8.60E-03 8.93E-03 2.16E+00

45 HadmNk W 860617 98 4.30E-03 I.OIE-02 2.87E+00

46 HadmNk W 860830 i00 5.50E-03 1.08E-02 2.99E+00

47 HadmNk W 870416 i00 8.40E-03 I.OOE-OI 3.10E+OI

48 McGui-i W 860105 i00 7.87E-03 3.00E-OI 1.22E+02

49 McGui-i W 860924 i00 5.30E-03 3.30E-02 1.30E+OI

50 McGui-i W 870415 i00 5.60E-03 1.10E-OI 4.27E+01

51 McGui-i W 880323 i00 5.50E-03 1.70E-OI 6.86E+01

52 McGui-i W 880416 i00 6.90E-03 1.40E-OI 5.64E+01

53 McGui-i W 880620 i00 I.IOE-02 6.20E-01 2.52E+02

54 McGui-2 W 860115 i00 6.50E-03 4.10E-02 1.55E+01

55 McGui-2 W 860722 93 1.60E-03 3.60E-02 1.41E+01

56 McGui-2 W 860827 i00 3.70E-03 7.30E-02 2.86E+01

57 McGui-2 W 870120 i00 5.90E-03 9.10E-02 3.48E+01

58 McGui-2 W 870916 i00 9.50E-02 5.80E-01 2.21E+02

59 McGui-2 W 880112 89 1.50E-02 2.80E-01 1.10E+02

60 Mill-2 CE 841115 i00 5.04E-02 1.05E+O0 3.68E+02

61 Mill-2 CE 841128 i00 6.19E-02 7.04E-01 2.44E+02

62 Mill-2 CE 860812 i00 4.09E-03 5.25E-03 1.42E+00

63 Mill-2 CE 870723 I00 8.30E-03 8.77E-02 3.03E+01

64 Mill-2 CE 871116 i00 1.60E-02 1.35E-01 4.45E+01

65 Mill-2 CE 881025 i00 1.08E-02 1.55E-01 5.41E+01

66 Mill-3 W 881005 i00 1.17E-03 6.79E-01 2.79E+02

67 Mill-3 W 881022 I00 3.22E-03 3.14E-01 1.28E+02

68 NoAnna-i W 781024 i00 4.50E-02 9.73E-03 9.53E-01

69 NoAnna-i W 781214 98 4.10E-02 3.93E-02 9.63E+00

70 NoAnna-I W 800618 i00 3.00E-03 3.55E-02 1.18E+01

71 NoAnna-i W 810624 i00 6.50E-02 2.59E-O1 8.25E+01

72 NoAnna-i W 810710 i00 7.60E-02 8.45E-01 2.82E+02

73 NoAnna-i W 810803 I00 8.30E-02 8.24E-01 2.74E+02

74 NoAnna-i W 830606 i00 4.40E-02 9.37E-01 3.16E+02

75 NoAnna-I W 841114 I00 3.00E-03 3.00E-03 7.47E-01

76 NoAnna-i W 841231 I00 4.00E-03 2.40E-03 4.49E-01

77 NoAnna-i W 851024 i00 8.00E-03 5.74E-02 1.89E+01

78 NoAnna-i W 860223 i00 4.00E-03 1.lIE-OI 3.76E+01

79 NoAnna-i W 860326 i00 4.00E-03 1.33E-01 4.51E+01

80 NoAnna-I W 860520 i00 4.00E-03 1.98E-01 6.73E+01
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Table 2: Iodine Release Rate Follow'ing a Reactor Trip

(continued)

No. Plant NSSS Trip Power Pre-I Post-I R3 (2)

Vendor date % (uCi/g) (uCi/g) (Ci/h)

81 NoAnna-I W 860531 i00 4.00E-03 1.16E-01 3.93E+01

82 NoAnna-2 W 810122 i00 5.00E-03 3.02E-01 1.03E+02

83 NoAnna-2 W 810306 i00 1.00E-02 4.03E-01 1.37E+02

84 NoAnna-2 W 810606 i00 1.50E-02 2.60E-01 8.74E+01

85 NoAnna-2 W 811209 i00 1.40E-02 2.22E-01 7.45E+01

86 NoAnna-2 W 830227 i00 1.30E-02 1.59E-01 5.31E+01

87 NoAnna-2 W 860529 i00 1.00E-03 1.00E-03 2.49E-01
88 NoAnna-2 W 860629 i00 1.00E-03 1.00E-03 2.49E-01

89 Ocon-2 B&W 870420 87 2.40E-02 1.60E-01 5.86E+01

90 Palis CE 800826 88 7.10E-02 7.28E-01 2.82E+02

91 Palis CE 800928 81 4.50E-02 2.58E-01 9.76E+01

92 Palis CE 801009 96 2.01E-OI 9.18E-01 3.44E+02

93 Palis CE 801223 99 5.00E-02 3.04E-01 1.15E+02

94 Palis CE 810115 98 1.16E-OI 7.64E-01 2.91E+02

95 Palis CE 821016 i00 5.00E-02 5.60E-01 2.17E+02

96 Palis CE 821028 90 8.40E-02 1.36E-01 4.38E+01

97 Palis CE 830126 97 4.00E-02 1.70E-01 6.30E+01

98 Palis CE 830519 99 5.00E-02 1.35E-01 4.94E+01

99 Palis CE 850811 98 1.10E-02 8.80E-03 2.33E+00

i00 Palis CE 870620 i00 8.70E-02 4.70E-01 1.83E+02

i01 Palis CE 870710 94 5.70E-02 1.90E-01 7.16E+01

102 PrIsl-i W 770107 i00 1.10E-03 6.40E-02 1.35E+01

103 PrIsl-i W 780831 i00 2.52E-02 1.15E+00 2.43E+02

104 PrIsl-I W 790608 i00 6.88E-03 1.79E-01 3.77E+01

105 PrIsl-I W 791115 64 7.24E-04 6.66E-02 1.42E+01

106 PrIsl-I W 801111 i00 1.47E-04 1.09E-04 1.42E-02

107 PrIsl-i W 810831 i00 2.87E-04 2.58E-04 3.76E-02

108 PrIsl-I W 850915 i00 1.00E-04 3.42E-02 7.35E+00

109 PrIsl-2 W 750121 45 5.28E-05 3.90E-05 5.04E-03

ii0 PrIsl-2 W 791101 i00 7.35E-04 7.40E-04 1.14E-01

iii PrIsl-2 W 801020 i00 4.36E-04 4.95E-04 7.88E-02

112 PrIsl-2 W 810516 i00 1.37E-04 2.15E-04 3.77E-02

113 PrIsl-2 W 811205 i00 2.63E-04 2.30E-04 3.33E-02

114 PrIsl-2 W 820325 i00 3.40E-04 2.85E-04 4.01E-02

115 PrIsl-2 W 860728 i00 2.00E-04 3.20E-02 6.86E+00

116 SanOno-2 CE 840104 I00 7.89E-02 2.36E-01 8.07E+01

117 SanOno-2 CE 850518 I00 1.38E-02 5.72E-02 2.10E+01

118 SanOno-2 CE 850801 I00 1.32E-02 7.47E-02 2.69E+01

119 SanOno-2 CE 850820 I00 1.72E-02 5.14E-02 1.76E+01

120 SanOno-2 CE 850912 i00 1.60E-02 6.98E-02 2.47E+01
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Table 2: Iodine Release Rate Following a Reactor Trip

(continued)

No. Plant NSSS Trip Power Pre-I Post-I R3 (2)
Vendor date % (uCi/g) (uCi/g) (Ci/h)

121 SanOno-2 CE 851018 i00 1.17E-02 5.90E-02 2.12E+01

122 SanOno-2 CE 860109 i00 4.01E-02 3.25E-01 1.25E+02

• - 123 SanOno-2 CE 860812 i00 9.89E-02 1.20E+00 4.46E+02

124 SanOno-2 CE 860913 60 7.43E-02 1.70E+00 6.69E+02

125 SanOno-2 CE 861210 100 6.86E-02 1.66E+00 6.53E+02

" 126 SanOno-2 CE 870205 I00 7.61E-02 2.04E+00 8.05E+02
127 Sanono-3 CE 840106 i00 4.27E-01 2.16E+00 8.05E+02

128 Sanono-3 CE 840601 i00 4.03E-01 1.99E+00 7.47E+02

129 Sanono-3 CE 840611 i00 5.05E-01 2.61E+00 9.83E+02

130 Sanono-3 CE 860412 I00 4.55E-02 7.51E-02 2.48E+01

131 Sanono-3 CE 860726 i00 6.47E-02 2.65E-01 9.82E+01

132 Sanono-3 CE 860904 94 4.70E-02 1.92E-01 7.13E+01

133 Sanono-3 CE 870621 i00 9.58E-02 5.26E-01 1.99E+02
134 Sanono-3 CE 880219 I00 4.49E-02 5.64E-02 1.74E+01

135 Surry-i W 770726 i00 2.20E-02 6.93E-01 2.22E+02

136 Surry-i W 800603 i00 7.00E-03 2.30E-01 7.38E+01

137 Surry-i W 810822 i00 7.60E-02 1.98E+00 6.34E+02

138 Surry-i W 811125 i00 1.82E-01 5.07E+00 1.63E+03

139 Surry-i W 811216 i00 5.90E-02 8.12E-01 2.58E+02

140 Surry-i W 820325 i00 I o60E-01 5o57E+00 1.79E+03

141 Surry-i W 820413 i00 1.79E-01 5.14E+00 1.65E+03

142 Surry-I W 820425 i00 1.30E-01 3.12E+00 9.99E+02

143 Surry-i W 820713 I00 1.15E-01 8.97E+00 2.89E+03

144 Surry-I W 820824 I00 9.30E-02 8.20E+00 2.65E+03

145 Surry-i W 821104 I00 6.20E-02 2.65E+00 8.52E+02

146 Surry-i W 821129 i00 1.29E-01 5.18E+00 1.67E+03

147 Surry-i W 830914 i00 I.IOE-02 5.35E-01 1.72E+02

148 Surry-i W 840106 i00 5.60E-02 9.22E-01 2.94E+02

149 Surry-i W 840206 I00 7.40E-02 1.44E+00 4.60E+02

150 Surry-i W 840613 i00 3.60E-02 1.18E+00 3.79E+02

151 Surry-i W 840926 80 3.30E-02 6.31F.-01 2.01E+02

152 Surry-i W 850126 100 I.OIE-OI 1.49E-01 3.98E+01

153 Surry-I W 850804 i00 2.60E-02 1.44E+00 4.64E+02

154 Surry-i W 860107 97 2.40E-02 1.72E+00 5.55E+02

155 Surry-I W 870516 I00 6.00E-03 3.30E-03 5.68E-01

156 Surry-i W 870807 i00 4.00E-03 3.30E-03 7.34E-01

157 Surry-i W 870920 I00 7.00E-03 2.42E-01 7.77E+01

158 Surry-i W 880216 i00 9.00E-03 9.30E-01 3.00E+02

159 Surry-2 W 771108 i00 2.00E-04 3.00E-04 8.04E-02

160 Surry-2 W 780624 I00 5.00E-04 3.00E-04 5.54E-02
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Table 2: Iodine Release Rate Following a Reactor Trip

(continued)

No. Plant NSSS Trip Power Pre-I Post-I R3 (2)

Vendor date % (uCi/g) (uCi/g) (Ci/h)

161 Surry-2 W 821010 i00 2.00E-03 6.70E-02 2.15E+01

162 Surry-2 W 830208 I00 2.00E-03 1.82E-01 5.87E+01

163 Surry-2 W 830412 I00 3.00E-03 5.35E-01 1.73E+02 . .

164 Surry-2 W 830620 i00 3.00E-03 3.31E-01 1.07E+02

165 Surry-2 W 840113 i00 3.00E-04 2.00E-03 6.22E-01

166 Surry-2 W 841029 i00 2.00E-04 2.00E-04 4.81E-02 -"

167 Surry-2 W 841211 I00 2.00E-04 3.00_-04 8.04E-02

168 Surry-2 W 860511 i00 2.00E-04 2.00E-04 4.81E-02

a. Pre-I is the measured steady state iodine concentration before trip.
Post-I is the maximum measured iodine concentration between 2 and 6

hours after trip.

R3(2) is the iodine release rate based on bounded maximum _odine

concentration and assumed 2 h time from trip to maximum
concentration.
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The estimatedconcentrationsat two and six hours are based on

straightline interpolation(on the log plot) between adjacentdata

points,where available. The method used to bound the maximum

concentrationis discussedin the next paragraphs.
oi

Some exampledata traces are presentedin Figures2 through 4. The

concentrationsare plottedon a log scale to allow linear extrapolation,

based on equationsgiven below which indicatean exponentialbehaviorwith

time, after the peak concentrationis reached. The extrapolationswere

based on the assumptionthat the concentrationtrace as plotted in the

figure is concavenear the maximum. Event I, shown in Figure 2, is an

exampleof eventswherein data are availableat many times after trip

includingat least one data point prior to the maximum. The dashed lines

show the extrapolationused to bound the maximum concentration. An open

circlemarks the intersectionof the extrapolations. Because of the

assumptionof local concavity,this intersectionshould be an upper bound

on the true maximum. This is the bound shown in Table 3.

Event 7, shown in the same figure,is an exampleof an event wherein

the maximum RCS concentrationmay have occurredprior to the first data

point. Therefore,the concentrationat two hours after trip cannot be

estimatedby interpolation, lt also happensthat this event has two

possibleextrapolatedconcentrationmaxima,one before the first data

point (conservativelyboundedby extrapolatingthe concentrationback to

the time of trip) and one betweenthe first two data points. The larger

is marked by an open circle in the figureand is shown in Table 3.

The estimatedmaximumconcentrationoften occurs within six hours

after reactortrip. However, Figure3 shows two events with somewhat

differentbehavior. The first is Event 2, an example of an event with two

local maxima. In these cases, only the first maximum is used in the

analysis,since it is judged that the secondmaximum is influencedby

additionaltransientsand does not accuratelyreflectthe effect of the

trip alone. The data trace is assumed to be locallyconcave near the

maximum. The trace is clearlynot globallyconcave,probably due to
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transientswhich occurred after the reactortrip. Unfortunately,there is

nothin_in the assumptionsto rule out the possibilityof a steep rise

betweenthe first two measurements,which were taXen at times 2.5 and

4.75 h _fter reactor trip. However,the subsequentdecrease in

concentrationis limitedby the total iodine removal rate, defined below ""

in Equation(2). This removalrate is typicallyof magnitudeO.I/h, In

the 2.25 h betweenthe two samples,the concentrationcould not have

decreasedby more than 20%. Therefore,sharp deviationsfrom the linear

interpolationare consideredto be very unlikelyfrom the physics of the

iodine spikingphenomenonand are not consideredhere. Event 6 is similar

in shape to Event I but the maximum occurs later than six hours after

reactortrip.

This methodologywas used to analyzeeach of the 24 events. The

bound on the maximum concentrationwas comparedto three concentrations:

those estimatedat two and six hours after trip as well as the minimum

measuredconcentrationbetweentwo and six hours. The ratioswere

calculatedand are includedin Table 3 and plotted in Figure 5.

The largestratios shown in Table 3 and Figure5 resultedfrom

Events 3 and 24. The data traces for these two events are shown in Figure

4. The lack of data for these two events led to large extrapolated

maximumconcentrations,resultingin the large ratios.

This analysisof the 24 eventswas used to bound the maximum RCS

concentrationfor each reactortrip includedin the main data base

(Table2). Based on Figure5, it is judged that the maximum iodine

concentrationresultingfrom a reactortrip is no more than a factor of

three greaterthan any value measuredbetween two and six hours after

trip. Thus, the maximummeasuredvalues (Post-Iin Table 2) were

conservativelymultipliedby a factorof three and these values were used

to bound the iodine releaserates as discussedin the followingsection.

lt is recognizedthat this analysis(and the resultingfactor of

three) is limitedby the fact that RCS samplesare taken infrequently

comparedto the rate of change of iodine concentration. A continuous

2O



2!



sample and iodine concentration measurementmight reveal a more

complicated shape than that assumed in this at_alysis. However, given the

scarcity of data, it is judged that this analysis is as accurate as

possible and results in an upper bound to the release rates calculated
from the data base.

Calculation of Iodine Release Rate

The releaserate of 1311 from the fuel to the RCS is shown as R in

Table 2. This rate was determinedfrom the data using the following
7

equation"

R = Lt(A - Aoe-Ltt)

l_e.Ltt (I)
where:

R = iodinereleaserate during the transient (Ci/h)

RO = steady-stateiodine releaserate (Ci/h)

Lt = total iodine removalrate (h-I)

A = maximumtransientRCS iodine inventory(Ci)

Ao = steady-stateRCS iodine inventory(Ci)

t = time from iodinespike initiatingevent to maximum

iodineconcentration(h)

and"

Lt = Ld + Lp (2)

where"

Ld = 1311 decay constant = 3.59(-3)h-I

Lp = purification removal constant
= F(I - I/DF)

M
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and"

F = purificationsystem flow rate (kg/h)

M = RCS mass inventory(kg)

DF = purificationsystemdecontaminationfactor

t ,J

In all cases includedin the table, the purificationflow was

- unchangedfrom before to after the trip. Additionally,the purification

systemdecontaminationfactorwas assumedto be 99 (i.e. 99_ of the

radioactiveiodinewas assumedto be removedfrom the purificationflow

stream by the demineralizers). Using the time from reactor trip to

maximummeasured iodineconcentrationin the equationresults in an

averagereleaserate which can be used to estimatethe averagetransient

RCS iodineconcentrationduring an SGTR event. The absenceof samples

taken immediatelyafter reactortrip means that the actual time of the

maximum concentrationcannot be determined. Becauseof this, a second

releaserate was calculatedassumingthat the maximum concentration

occurredat two hours after reactortrip. These release rates are

compared in Table 4. Two hours is judged to be adequatelyconservative

but much better data would be required to confirmthis. The interested

readerwho believes that a differentminimum time is more appropriatecan

performquick comparisonsby noting that R is approximatelyinversely

proportionalto t for sm_ll t.

PROBABILITYDISTRIBUTIONSFOR THE RELEASERATE

A statisticalanalysiswas performedon the data base in Table 2 to

estimatethe probabilitydistributionof the release rate associatedwith

an iodine spike caused by a reactortrip. lt was assumedthat the events

representa random samplingof the iodine spikingwhich has occurredand

is expected to occur in commercialPWRs. No attemptwas made to correlate

the data to either specificplants or fuel manufacturers. The results

from this statisticalanalysisare cumulativeprobabilitydistributions,

which are measures of the probabilitythat an SGTR would result in an

iodine spike with magnitudeless than a given value. Both the nominal

probabilitydistributionand the 95% confidencelimit probability
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distributionwere calculatedusing binomialdistributionstatistical

analysismethods. The statisticalmethodsused are described briefly

below.

The releaserate must be normalizedto account for differencesin "

reactorsize. This is becausethe amount of iodine being released from

the fuel into the RCS will be a function of the number of fuel rods in the

core. The SRP normalizesthis number to the steady state releaserate by

specifyingthat the releaserate during the transientbe 500 times larger

than that which, in steady state, resultsin an RCS concentrationof

1.0 pCi/g. This approachis difficultto assess becausethe number of

reactortrips which occur with an RCS concentrationnear 1.0 _Ci/g is

too small to be used in this analysis. Using the ratios (bounded

post-tripto actual steady-statereleaserates) from all trips results in

extremelylarge ratios,not becausethe absolutepost-triprelease rate is

high but rather becausethe steady-statereleaserate is so low. This is

illustratedin Figures6 and 7, which show the release rate ratio (R3/Ro)

plottedagainstthe initialiodine concentration(note"the transient

releaserate is that based on the boundedmaximumconcentrationand the

measuredtime). All of the very large ratios result from initial

concentrationswhich are less than 0.3 _Ci/g. Therefore,a different

normalizationmethod is proposed,namely the core power (in MW(e)). Thus,

each releaserate is divided by the core electric power prior to the

trip.

The estimatedcumulativeprobabilitydistributionfor the iodine

releaserate divided by the core power prior to trip is tabulated in

Table 4 and shown in Figure8. This is the releaserate based on the

boundedmaximum concentration. Figure 9 is the same as Figure 8 with the

verticalaxis expandedto illustratethe upper portion. The other two

values for the releaserate (releaserate based on the measured

concentrationand time differenceand the releaserate based on the

boundedmaximum concentrationand a 2 h time differential)are also shown

in Table 4. Figures10 and 11 illustratethe first and Figures I2 and I3,

the second calculation.
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The interpretationof the table can be illustratedby examining

event Number 126 (note:the event number is merely used as an indicatol

for the specifictable - identicalevent numberson differenttables do

not imply the same event). The (nominal)probabilitythat an SGTR would

" result in a releaserate less than 0.258 Ci/h*MW(e) is 75%. With 95%

confidence,it is expectedthat an SGTR will result in a release rate less

• than 0.258 Ci/h*MW(e)69% of the time. Thus, the use of the data to

determinethe probabilityof concentrationsresultingfrom future events

depends on the desired level of confidence. If nominalprobabilityvalues

suffice,they can be used (e.g. 90% value). If a higher degree of

confidenceis required,the 95% confidenceprobabilitydistributionmay be

used.

The statisticalcalculationsfor constructingthe tables are as

follows. The nominalestimateof the cumulativeprobabilityat level x is

the number of measured values that are less than or equal to x divided by

the total number of measuredvalues plus I. The 95% confidence lower

bound on the cumulativeprobabilityat any one point is found from

Reference8. The interpretationas a bound in the horizontaldirection

(i.e. on the iodine releaserate) is describedin Reference9. The method

resultsin a 95% confidenceupper bound on any one percentileof interest,

such as the 90th or 9Sth. lt does not, however,give a bound on the

entire curve with 95% confidence. The resultsare independentof any

assumptionregardingthe shape of the probabilitydistributionof iodine

concentrationsor of iodinerelease rates.

The 90th percentilereleaserate is .710 Ci/h*MW(e)which results in

an absoluterelease rate of 710 Ci/h for a 1000 MW(e) plant. This release

rate is that calculatedusing the boundedmaximum concentrationin the RCS

and an assumed2 h peak time after trip. As such, this value should be

adequatelyconservativefor this probabilitylevel. The 95% confidence

• bound on the 90th percentileis 1.09 Ci/h*MW(e)which resultsin an

absoluterelease rate of lOgO Ci/h for a lO00 MW(e) plant. The SRP value

for this rate (basedon an initialRCS concentrationof 1.0 _Ci/g and

a 500 fold increase in releaserate) is calculatedin Reference3 as
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16,300 Ci/h. This appearsto be overly conservativeand could be reduced,

per this analysis,by approximatelya factor of 10 and could still provide

adequateprotectionto the public if the 90th percentile iodine spike is

an acceptableprobabilisticbound. If a higherlevel of assuranceis

deemed appropriate,a higher percentilecould be used.

Rather than rely on a ratio and initialconcentrationas currently

specified,it is recommendedthat an absolutereleaserate be used, based

on the plant power. This releaserate is shown in Table 4 and

Figures8 - 13.

CONCLUSIONS

An in-depthstudy of the radioiodineresponse of a PWR to a reactor

trip has been presented. This is based on data from a wide varietyof

PWRs includingall NSSS vendors and all sectionsof the country. The data

indicatethat the iodine releaserate assumed in calculationof an SGTR

event is overly conservativeand could be reducedsubstantiallywithout

undue risk to the public. The formalismrequiredby the SRP in

determiningthe releaserate is judged to be inappropriateand an absolute

releaserate, based on plant power, is recommendedas a replacement. A

value of 0.710 Ci/h*MW(e)is recommendedfor considerationas a

replacementfor the current iodine releaserate specificationfor an SGTR

with coincidentiodine spike.
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APPENDIX A. DATA FOR BOUNDING IODINE CONCENTRATIONS

The data used in the boundinganalysisfor maximum iodine

concentrationsare presentedhere in Table A-I. There are 24 events

listed,23 extractedfrom Licensee Event Reports (LERs),and one, the

last, obtainedfrom examinationof plant records. The events are listed

in an arbitraryorder, but are then assignedsequentialevent numbers that

are referredto in the body of this report. Some LERs gave iodine

concentrationsmeasured before the trip as well as after the trip. These

values are listed in Table A-I for completeness,althoughthey are not

used anywherein this report.

As mentionedin the body of this report, events are excluded from

Table A-I if there were no more than two measured concentrationsbefore 14

hours,or if there were no measured concentrationsbefore 6 hours.

A-I



TABLEA-1. Data Used for Bounding Magnitudes of MaximumIodine
Concentrations

Event Time after 1311 Concentration

No. Plant Date Trip (h) (uCi/9)__ ..
I Surry I 850804

-18.17 0.061
0.33 1.08 .
2.67 1.79
4.17 ].89
4.67 1.83
5.17 1.84
5.67 1.61
6.67 1.68
8.67 1.46

10.67 1.51
12.67 1.35
14.67 1.11
15.67 0.922

2 Surry 1 850911
-9.67 0.053
2.5 1.24
4.75 1.16
6.5 1.43
8.58 1.25

10.58 1.00
12.92 0.765

3 Crystal R. 770624
-4.47 0.206
3.95 1.517
9.37 1.957

12.62 1.443
16.62 0.864

4 Crystal R. 790117
2.75 3.61
5.75 4.19
9.75 4.50

13.80 3.79
15.50 3.58
18.50 2.84
22.58 3.21
26.75 2.52
30.50 1.96
34.50 1.32 :
38.50 0.96
42.25 0.69

5 Crystal R. 790106
-23.42 0.172
-4.42 0.237
2.00 4.60
4.08 4.40
10.08 4.60
14.08 4.59
18.00 4.39
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TABLEA-1. (Continued)

Event Time after 131i Concentration
NQ.. Plant ,,ate Trio (h) (uCi/gJ___

23.83 4.33
.. 27.83 2.64

31.83 1.46
40.00 1.16

- 44.00 0.769
48.00 0.331
52.00 0.564
58.33 O.484

6 Crystal R. 790130
0.97 2.46
4.97 3.69
8.88 4.74

12.80 3.08
16.97 2.37
20.97 2.10
24.97 1.39
28.97 1.16
33.05 0.832
37.97 0.650

7 M_ne Yankee 791105
-3.18 0.268
2.3 2.75 ,
6.3 2.34

10.3 1.66
14.3 1.25
18.3 1.13
22.3 1.02
26.08 O.883
45.5 0.366

8 North Anna 816710
1.25 1.35
7.20 1.08

10.95 0.746
9 North Anna 810712

1.20 1.17
5.12 1.04
9.20 0.678

I0 Surry I 811129
1.22 1.80
2.22 2.47

" 4.22 3.27
8.22 2.01

o 12.22 1.78
21.63 1.56
29.22 0.360

11 St. Lucie 1 810908
-29.95 0.045

4.62 1.193
7.20 ! .287_

9.87 1.287
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T,BLE A-1. (Continued)

Event Time after 131i Concentration
No. Plant Date Trip (h) (uCi/g)__

12.87 1.187
16.87 0.915 "
84.95 O.10

105.12 O.036
12 St. Lucie 1 811219

-85.73 O.039
-67.23 0.043
-19.40 0.10

3.35 1.09
7.35 1.127

11.35 0.87
13 Surry 1 820413

-8.37 0.158
1.5 4.59
3.8 6.75
5.8 5.46
7.55 5.21
9.55 4.54

14.13 2.87
17.80 2.10
21.88 2.51
28.55 2.24
32.72 2.00
35.05 1.86
38.47 1.69
45.55 0.965

14 Surry 1 820425
-2.17 0.191
2.50 4.86
5.58 4.04
8.67 4.14

13.08 3.59
17.67 2.10
21.75 1.33
25.58 0.89

15 Surry 1 820105
-0.88 0.350
3.12 5.63
7.03 5.55

11.03 5.09
15.03 3.25
19.03 2.44
23.03 1.71
27.12 1.31
31.12 0.94

16 Surry 1 820325
-2.50 0.218
0.92 3.61
1.72 5.50
2.92 7.46
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TABLEA-I. (Continued)

Event Time after 1311 Concentration
NO. _ Plant Date Trip (hl (uCi/gL_.

4.92 6.88
. , 6.92 5.96

8.92 5.96
10.92 5.17

" - 12.83 4.11
14.95 4.37
17.17 3.99
19.00 3.10
22.95 2.02
27.58 1.29
31.17 0.944

17 Crystal R. 870702
-52,53 0.073
-4.67 0.065
3.7 1.275
6.95 0.937

10.92 O.680
19.4:) 0.398

18 Surry 1 8401]8
-8.32 0.121
2.85 1.89
4.93 ] .84
6.93 1.60

10.93 1.23
12.93 0.997

19 Surry 1 840206
-18.53 0.125

2.47 2.15
4.47 1.98
8.47 1.54

10.47 1.49
12.38 1.15
14.63 0.838

20 Surry 1 840106
-12.82 0.113

2.1 1.57
4.1 1.32
6,1 1.03
8.1 0.891

, 21 Point Beach 830308
1.7 0.907
5.07 1.47

. 5.90 1.41
9.83 1.02

11.07 0.963
22 Surry I 860108

-11.07 0.061
3.43 2.26
5.35 2.13
7.52 ! .83
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TABLEA-1. (Continued)

Event Time after 131i Concentration
No. Plant Date Trio (h) (pCi/g)__

9.35 1.59
11.43 1.22 " "
13.43 1.05
15.43 0.901

23 Surry 1 860124
-1.17 0.091
0.58 1.02
2.83 1.04
4.33 1.22
6.42 0.95

24 San Onofre 3 880219
1.08 0.331
4.08 O.564
7.25 0.562
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