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 UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomié Sé_fety and Licensing Board - |

In the Matter of

Docket No. 50-293-LR

Entergy Nuclear Generation Company and | _
ASLBP No. 06-848-02-LR.

Entergy Nuclear Operations, Inc.

. .

- (Pilgrim Nuciear Power Station)
| * DECLARATION OF KEVIN R. O’KULA
Kevin R. O’Kula s.tates'e.ls follows uﬁd_e# penalti.es of perjufy: '
1. INTRODUCTION |

1. Tama Senlor F ellow Adv1sor with Washmgton Safety Management Solutions
(“WSMS”) LLC. My profess1ona1 and educat10na1 experience is summarized in the Cumculum

Vitae attached as E_xh1b1t 1to thlS Declaratlon.

2. I have over 24 years of eXperience as a manager and te(;hnical profesvsi'o‘nal in the |
areas of safety analysis standard and guidarice development,v computér code eQaluétion and '
veﬁ'ﬁéatioﬁ probébilistic risk assessment, accident and consequence analysis, source term |
evaluatlon risk management, reactor materials dosimetry, shleldlng, and tritium safety
apphcat1ons I obtained my BS in Apphed and Engmeermg Physws from Cornell Umvers1ty in
1975; my MS in Nuclear Engln_eermg from the University of Wlsconsm in 1977; and my Ph.D.

in Nuclear Engineering from the University of Wisconsin in 1984.

3. . Ihave extensive experience (nearly 18 years) in using the MELCOR Acdident

Consequehce Code System (MACCS) and the MACCS2 Computer Codes and have taught



_MACCSZ t_raining courses for rhe Department of Energy (“bOE”) at LawrencevLivermore :
'Nati‘onal Laboratory, Los Alamos:Narional Laboratory, 1daho National Laboratory and at DOE
Safety Analysrs Workshops. I was the lead author of a DOE gdidance document on the use of
MACCS2 Addltlonally, I am a member of the MACCS2 Revrew Panel which has prov1ded _ )
recommendatlons on applying MACCSZ for severe accident consequence analy51s to Sandia

' 'National Laboratories’ and the Nuclear Regulatory Commission regarding the 3-year State of 'rhe

o Art Reactor Consequence Analysis (SOARCA) Program.

4, | Tam the prin»cipal author and was responsibl_e for the pr’eparationof the WSMS' .
Report entitled “_Radiological_Dispers_ioh and Consequence Analysis Supporting Pilgrim Nuclear
| PQWe‘r Station Severe Accidenr Mitigatio.n A]ternative Analys_is”-Revision 1 (“SAMA”) (May : '
2007) (“WSMS Report”) (attached as Exhibit 2 to this Declaration).? WSMS prepared the
Report in response to a reduest from Entergy Nuclear Operations for.tec'hnical assistance for the
Pilgrim Nuclear Power Station (“'PNPS’.’) license renewal vproceeding_ to addres_s the claims'r_aised
in Pilgrin1 Watch Cont.ent'ion 3. WSMS Report at ix. The statements and conclusions in the

Report are true and correct to the best of my information and belief.

5. 1am familiar with Pilgrim Watch Contention 3, which, as admitted by the
Llcensmg Board asserts that “Apphcant s SAMA analys1s for the Pllgnm plant is deﬁcrent in

that the input data concerning (1) evacuation times, (2) economic consequences, and (3)

I MACCS2 Computer Code ‘Apphcat'zon Guidance for Documented Safety Analysis, DOE-EH-4.2.1.3-
Final MACCS2 Code Guidance, Final Report uU.s. Depanment of Energy, Washmgton DC, June .

2004.

2 Washington Safety Management Solutions, “Radiological Dispersion and Consequence Analysis
Supporting Pilgrim Nuclear Power Stat1on Severe Accident Mitigation Alternative Analysis” Revision
1 (May 2007).



meteorological patterns are incorrect, resulting in incorrect conclusions about the costs versus

bene_ﬁts of possible mitigation alternatives;' such that further analysis is call_ed for.”

6.. | This Declaration will summarize the evaluation .an_d results of the WSMS Report
as it addresses the claims raised in Pil gnm Watch Contention 3 concerning the ade'quacy'of the
'MACCS2 code modehng performed for the PNPS license renewal SAMA analysrs The WSMS
Report answers clalms ralsed in Contentlon 3 regardrng the adequacy of the MACCSZ '

» meteorologlcal, evaCuatron, and economic modelrng for the PNPS SAMA analysls. As1 will

| demonstrate below, PNPS properly used the M‘ACCSZ code in tlreSe respects toperform the

_ PNPS SAMA ana]ysrs Also the WSMS Report reports on a series of addmonal MACCS2

sensrtmty analyses that were performed to evaluate potent1a1 uncertamtles in the meteorologrcal

_ evacuatron and economic mput parameters used in the PNPS SAMA analy31s Asl drscuss |
below, these. addltronal sensrt1v1ty analyses show that srgmﬁcant changes in the input parameters |
do not result in the 1dent1ﬁcat10n of any additional potentially cost- effective SAMAs The "
sensitivity runs show at most a4%i increase in beneﬁ_t, whereas, before any add1t10na1 SAMAs
- would be identified as potentially cost-effective, the increase in benefit would'need to ble on the
“order of 100%, ora factor of twenty-five times greater. These sensitivity analyses conclusrvely

demonstrate that Pil grrm Watch Contentron 3is wrthout factual basrs

. vOVE.RVIEW OF MACCSZ AND ITS USE IN. THE',PNPS SAMA ANALYSIS

7 Entergy used the MELCOR Accident Consequence Code System 2(“MACCS2”)
to perfonn the SAMA analyses contained in the PNPS Environmental Report. MACCS2 is a |
sta'te-of.-the-art computer model, well-suited for SAMA analysis determination of consequences |
and risks. WSMS Report at ix. The Nuclear Regulatory Comrnrssion sponsored the

development of the MACCS2 code and it has been used by nearly all nuclear power pl'ants in the



“United States, for performing SAMA analyses for nuclear power plant operating license

r'enewatls. "WSMS Repo_rt at 4.

8.  As detailed 1n the WSMS Report, MACCSZ employs a Gaussian plume model for
the calculatr'on of radiological atmospheric dispersion and consequences. WSMS Report et 4.
MACCS2 exeeutes in three sequential steps: ( l):ATMOS calculates air and ground :
coneentrations, plurne size, and timing infonnation for all plume segments as a fllnetion of |
g downwind di.stance;' 2) EARLY calculates .-c'_onse(‘]uences due to radiation exposure in the :
‘emergency phase (ﬁrst seven days) from the time of release and (3) CHRONC calculates long-
term consequences due to exposure after the emergency phase and for determrmng |
decontammatron and other eéconomic 1mpacts from the hypothet1ca1 accrdent WSMS Report at

_ 4, Figure 1 on page 5 of the WSMS Report deplcts the execution of the three steps

9. " In support of PNPS hcense renewal, MACCS2 was used to analyze the
consequences from a set of release conditions over a 50-mile radius region around the PNPS site.
For each of the postulated accident release conditions, a statlstlcally si gniﬁcant number of
simulntions twell over 100..) vt/ere run in order to evalunte the consequences of postulated releases
under different weather conditions. This enebles the analysis to account for the direction of the
plunie ‘the turbulence, mixing and dispersion of the plume under different Weather conditions,
and so on. The key measurements of i interest are population dose (person-srevert) populatlon
dose rlsk (“PDR”) (person-rem per year), off-srte economic cost (dollars) and off—srte economic -
cost risk (“OECR_”) (dollars per year). WSMS Report at 5, 7 and Table 1 at 9. The mean values
of the consequence distributions for each postulated release category are used in the analysis and
~ the mean popu‘lation dose and the mean offsite economic costs are rnultiplied by the frequenCy of

occurrence for the postulated release condition to determine mean PDR and OECR values for



‘each release condition. The risk estimates for the postulated release conditions are summed to

determine overall PDR and OECR estimates. WSMS Report at 5 and Table 1 at 9.

10. MAC_CSZ‘ models fhree phases of consequence analysis: (1) an enlergency phaée,_
which is the seven day period after the pbstulated accident; (2) an interdictinn phase, Which is the
five year period after the'poétulated accident;. and 3)a long-te_rm p'hasé, Whinh'is a 30 year |
| period after: the postulated accident. WSMS Report at 6. Mitigation plans incorporating
evacuation and shelteriné are modeled only during the emergency phase, and usually are applied

only to residents within the emergency planning zone (“EPZ”). WSMS Report at 6.

11 A review of the results of the PNPS SAMA analysis shows that most of fhe
population dose — on the order of 83% — is dué to the interdicﬁon and long-terrn phase after the |
accident. WSMS Report at 8 and Table 3 at 10. This implies that emergency actions, such as
évncuation and sheltering or timing of these and other dosé mitigation strategies Will have iny’
smail impacts to the overall pnpulétion dose. 'Furthfer’review of the results of the PNPS SAMA
analysis shows that the majors factors controlling population dose and off;site eéonornic costs
are the size of the source term (i.e., amount of radioactivity released); the parameters controlling:
the interdiction and long term phases» after the accident, and tne large nopulation impacted 1n the
20-mile to SO-niile spatial region surronnding the plant. WSMS Report at 11 and_Appendix A.
This again shows that changes in the assumptions and input pararneter Qalues for the early or
emergency phase effects for the close-in population (witnin 20 miles of the PNPS) should have

. little impact on the overall PDR and OECR.

12.  Asdiscussed in Sections TV and VI below, changes in the assumptions and input

parameter values for the early or émergency phase effects for the close-in population in fact have



little‘im'pac_t. on_thevoverall PDR and OECR. Major changes in the input assumi)tions for. the
e\}acua.tion delay time and evecuati_on speed for the popul_atibn within the 107fr_1i1e er‘ne'rgencyb
‘plannivng zone (“EPZ”) have 'n.egli.gi'ble ef_fectb on the SAMA results and would cause no . |
| , _ad.ditic)nai SAMA:s to be identiﬁed as poteﬁtielly cos‘t—effectiy'e_.. : |

WL  GAUSSIAN PLUME MODELING ISSUES
| 13. Pil grlm Watch contends that the MACCS2 model used by PNPShasb 3 number of
- limitations™ because it employs-e GauSsiad -p_lume model to estimate the etmospheric dispersien_
~of radionuelide's. According to Pilgrim Watch, the Gaussiah plume model is 'sig'niﬁcantly. flawed
_ becauS_e it fails to (1) tai(e into acc.oim:t ehanges i.n wind si)eed or direction,either in tiine or

space or (2) take into account terrain effects. Pilgrim Watch Pet. at 35.

14. Contfary to_Pilgrim Watch’s e]aimé, the G_aussian plume model ‘employed in the
PNPS MACCSZ analysis »is'the sfandard atmospheric ﬁlume model »u'sed for nuciear safety and.
environm’entél evaluations for pu’merous re gdl.étor;{ applicatione. It is the underlying radiological
dispersion and consequence fnddel-undefpinnin_g NRC Regulatory Guide 1.194, Regulatory
Guide 1.145 (NUREG/CR-2260), and _Il)O_E‘-STD-3(.)O9-94, Appendik A for NRC and DOE
nucleer safety anelyses; Indeed, the MACCS2 cede has been widely_ used within the 50-mile
(80-km) basis distance of nuclear facilities, e.g., for many Environmental Ifnpact Staterhent and
Ingestion Plahﬁing Zone (“IPZ”) a.pplications,.includ.ingv SAMA studies. The code is refereneed

extensively in the NRC-approv_ed industry guidance for SAMA analysis. WSMS Report at 14.

15.  Importantly for SAMA analyses, the MACCS2 code uses a flat-earth Gaussian
plume model that can meet the c'ompﬁtational demands of calculating many kinds of

consequence résults, with the appropriate level of statistical sampling. In a SAMA analysis, each



_postulated release'is simulated in well over a hundred simulations to achleve meaningful
stat1st1cal results under different weather condrtlons Taking into account the multrple
postulated release condltlons that are evaluated in SAMA analyses (19 for the PNPS SAMA
analys1s), llterally hundreds of runs must be analyzed usmg dlfferent Weather cond1t1ons to |
calculate statistically meaningful results. Computer codes that can. accommodate multrple-

: 'statio‘n data so as to h‘e able to model spatial and variation of wind sp_eed and direction are simply
i impractic_able to use for 'analeing the large number of weather sequences needed for SAMA |

analyses. WSMS Report at 13-14.

16. Furthermore, contrary to Pilgrirn‘ Watch’s claim; MACCS2 does account ,fbf time
' dependent-we_ather conditions by analyzing multiple plumes under different weather conditions.
E'ach.plume that is “emitted” in the atmospheﬁc_release simulation is modeled with the
meteorological data read t‘or the date and the hour randomly selected‘by.the code. A statistically
signiﬁcant number of plume release simulations are performed by MACCSZ with weath'er ‘
conditions randomly chosen from the site meteorological file. Data read from the file include -
‘wind speed stablllty class, and precrp1tat1on rate, all of which are ava1lable on an hour-by-hour
bas1s in the MACCS2 meteorological data file. Thus, by 51mulat1ng multlple plumes for each
postulated release condition, the MACCSZ code as used for the Pilgrim SAMA analy51s does
take 1nto account changes in atmosphenc stablhty, wind speed and dlrectlon asa functron of

time. WSMS Report at 13,

17.  Also, as set forth in the WSMS Report at 14-17, the MACCS2 Gaussian plume
model has been shown to provide results that are in good agreement, and generally conservative,
when compared with more sophisticated models that address variable meteorological and terrain

effects. For example, one study performed by the Idaho National Laboratory released a tracer'.



and then measufed the air coneentrétions of the tracer. The results were compared with three

different atmos;iherie »tr'anspc')rt medeis — two versions of the'Gaussiaﬁ model and a I‘_I"IOII'C

sopiiisiicated wind field and terrain sensiti_ve Atmospheric Release 'Advisory Capability
(“ARAC”) code developed at Lawrence Livefrnore Nationail Laboiatory. WSMS Rep_ort at14. |

Thecomparisvon silowed that the Gaussiain model provided si gniﬁcantiy more eonservatiVe |

- results than the actual dose measured by the field equipment as well as the maximum dose

i predicted by the more sophisticated wind and terrain sensitive ARAC code WSMS Report at |
14-15. 'Another study compared the MACCS2 code to a .fully three dimensionel code that
accounted for terraili changes and .the. spatial variability of weather. .The comparisori showed thet

_the results from the MACCS2 code i)vere in reasonabiy good agreement witiu those obtaiiled from

 the three dimensional model. WSMS Report at 16. -

18. Furtheiineie, the MACC82 eOde was conservatively eipplied to the Pilgrim
SAMA. analysis so as to.produce b_verali conservative results. The choice cif the input parairieter
for the surface roughness length used in the Pilgrim SAMA analysis was particularly'

- vcc')nservative. The surface roughness length is a measure of the ammint of mechanicai mixing of
the pluine_ introduceii by the roughness of the surface du.e to, for example, human-built |
structures, trees and other vegetatien, ‘and surface featuies. The greater the surface _roilghriess_

| lengt}i, the greater the mechaiiical mixing and dispersion of the plume and the smaller the doses.
This feature was modeled conservatively in ‘the Pilgxim SAMA analysis by using al 10 cm value

surface roughness length whereas a value of 100 cm could have réasonably been used for this

parameter. WSMS Report at 16-18.

19.  Additionally, two sensitivity cases were run which showed minimal effect on the

PDR and OECR from varying the weather or terrain from that used in the SAMA analysis base



case. WSMS Report 15-16, 18 Sens1t1v1ty Case 2 was run to estimate the effects of changlng |
vizind direction trajectory in the MACCS2 consequence analysis by choosmg d1fferent
meteorological 1nput data for release categories that last longer than an hour. Case 2 was

-7 : conservative,because it used conditions at the beginning of a plume release, When the release ha_s

larger dose potentlal (because less decay has occurred), rather than usmg the condltlons for

: disperswn an hour or more later into the release. The results from Case 2 show a neghglble 3%

| 'mcrease in both PDR and QECR as compared to the base case. WSMS Report at 15-16. |
MACCS?2 Sensitivity Case 3! was run to show'the effects.of a-redu_ced plume release' height —
from thirty meters in the original. SAMA analysis to iero meters in Case 4. This case

. approximates.a terrain change by releasing the plume at -the' tc:;round lei/el. For a ground level _
release; the Case 3 results showed a 1% increase in PDR and a 4% increase in 6ECR. WSMS
Report at 18. As discussed in Section VI below; far greater increases in_'the PDR and OECR, by

a factor substantially greater than 25,. would be required before any additional SAlVIAS would be

identified as potentially cost-effective

e --20.  -Pilgrim Watch Contention 3 incorrectly claims that th'e Gaussian plunle rnodel
employedbby PNPS inappropriately fails to account for the sea breeze .effect and the coastal - |
topo‘graphy near PNPS. Pilgrim Watch- Pet_. at 35-36. The meteorological data gathered at the
Pilgﬁm' site and used in the SAMA analysis would reflect the occurrence of sea breeze
conditions in terms of both wind speed and direction at the Pilgrim site. l\./[o_reover, as explained
in the WSMS Report (at 19-22) sea breeze' conditions are (1) most often localized within 10
miles of the coast, and 2) .gen‘erally' beneﬁcial in dispersing the plume and decreasing doses.
Sea breeze is generally a highly beneficial phenomenon that disperses: and dilutes the plume

concentration and thereby lowers projected doses downwind from the release point. WSMS



Report at 20-21. -Furthermore, tﬁe extent of the sea breeze influence would generally be less than
the EPZ régiori (Withih ten miles of the Pilglim' Station), and not a factor towards the heavily .
‘poI‘)ulated areas in the Pilgrim. 50-mile regipn. WSMS Report at 19. As discussed above, it ié

~ the impaét in the populated zones that démiﬁates population dose énd off-site economic cost
coﬁsequences. Similarly, while 'se.a breeze may be \}ariable along var.iovus coastal locations, local |
sea breeze variations will be insignificant factors to population dose at tens of miles away and

will have négligible impaét in the calculation of regional population doses. WSMS Report at 20.
21, T he other claims raised by Pilgrim.Watch.also_ lack merit:

; Pilgrim Watqh’s claim that tﬁe MACCS2 model cannot be ‘ﬁsed to estimate
atmospheric dispersion less than 100 meters from thé 'sourcé, Pilgrim Watch Pet. .-
at 35, is irrelevant. The PNPS SAMA analysis followed NRC guidance for on-
site exposure and ec.onomic costs, which v;/ere af:counfed for separately, and so

did not use the MACCS2 code to esbtimate dispersion within. several hundred
meters (in the “near ﬁeld’;) of the relgase'point. Thus, any limitation of the
MACCSZ modellfor thié range has no relevance to thé SAMA analysis.
Furthermore, the near field is withinv the exclusion area boundary co.ntrolled by
PNPS and, thus, has no pennanent res_idehté that could incﬁr radiological

exposure. WSMS Report at 18-19.

. legrlm Watch disputes the adequacy of using meteorological data for a single
year.for the PNPS SAMA analysis. Pilgn'm Watch Pet. at 36-38. However, use
of data for a single representative year is typical of other SAMA analyses.

WSMS Report at 22. Furthermore, the year chosen provides the most complete

10



| _v set of meteorological data available for the PNPS site and, as discussed in the
declaration of Fred Mo golesko, is representative of meteorOIOgical conditions at

‘the plant.

. Pilgrim Watch erroneousl.y..élairns that a proper analysis would require'.multiple '
yeérs of datavfrqm multiple sources in cﬁder to take into" account the'si)ecjﬁc
pharacteristics_of the Plymouth area. Pilgﬁm Watch Pet. at 37-38. Howevér, '
meteoroldgica] ,instfurrientation close to, or at the poiht of release, is the most
critical placement for identifying the atmdsphéric ::turbulence conditions géveming .
initial plume travel. At PNPs; instrumentation used for the ﬁppcr and lower

) _ towérs ére pfoperly pdsitioned'td aécount for the turbul_enge strucfure of the B
afmosphere. . Furthermore, standara practice fof MACCS2_ PRA anélysis, of

which thé SAMA anélys‘is runs are one application, isl to é}iply Tadmor and Gur
dispersioh‘ paréfneteriZaﬁon to accéunt for atmospheric turbﬁlence, whiqh was

used in the PNPS SAMA studies. WSMS Report at 22.

Pllgnm Watch alsé claims th_a& ar¥ accurate anﬁlysjs wouldlfequire_iﬁstallation .of _
continuous recording ineteorolo gical instruments along the coast and at additibnal
ihland sites. Pilgrim Wétch Pet. at 37-38. While continuous recording.
iﬁstruments would relate to the ability to t_rack a §p§01_ﬁ¢ plume, such
instfumentation would havg'no'_ bearing for SAMA analyses where the focus is

| determining mean-cqnsequence levels to support cost-benefit decision-making on
- potential plant mbdiﬁcations. furthermore, as previously discusséd, it is

impractical to employ multiple weather station data for SAMA cost-benefit

11



analyses given the large number of weather trials that are needed to provide

steitistically valid consequence results. WSMS Repo'ft at 23. .

Iv. EMERGENCY EVACUATION MODELiNG IS,SUES.. _

22. A' The MACCS2 modeling assumptions used to -r.n:odel emergency responSe
‘evacuation in the PNPS SAMA analysis are based on evacuation time estimates prepared as part
- of the Emergency Plban ‘for PNPS. The details of the basis for 'the evacuation time estimates, L
ineluding supporting assnrnptions iegérding population, alarm criteria, delay times, speed,
| distance, areas‘. 'andv route_s, are pioyided in ;‘Pilglim Station Evacuation Time Estimates' and '
Traffic Management Pian Update, KLD Report TR-203A-5” (November 1998) (“KLD, 1998”). |
A | Tnese valiies were updated in 2004'in the report entitled “Pil gnm Nuclear Power Station, |
Development of ' Evacuation Time Estimates, KLD Report TR-382” (December 2004) (“KLD,

2004”). WSMS Report at 25.

23. The MACCS2 i)ase case applied in the S'AMA.énalysis is a simple radial
evacuation mociei. The base ease conside'redia forty-minute evacuation delay time, which is tlie N
tim‘e between notifying_ the public of an evacuation and the beginning of the evacuation of |
persons within the 10-mile EPZ. A constant evac'uzition speed of 2.17 mph deri\'f.edv from the
evacuation time estimates prepared for the PNPS wés_ used 1n the base case as tne speed at wnich : ’
persons evaeuate from the EPZ. The base case model assumes that the entire EPZ is evacuated.
Once the EPZ residents reach a 20-rnile radi_us, they are assumed to have reached siielters and are
no longer fadiologically exposed during the emergency .phase. Residents in the area from 10-
mile to 50-mile region receive rediological exposure if they are within the plume passage region. |

The EPZ residents as well as residents within the 10-mile to 50-mile region will receive

12



radiologicai exposures during the 30-year long-term phase following the accident,_ asSuming.that :

' théir point of origin within the EPZ is habitable. WSMS Report at 25. |

24, | An analysis 6f the base case .re‘syults demonstratés that most (approximafely '83-%)
of the population dose is received during fﬁe long term ph_asé after the acqideﬁt. Tﬁis .Sﬁggests
‘that emergency actions, such as evacuation and éheltering or timing of these and other dose
‘mitigation strategies, will.l ha\./e only small ifnpacts on the overall population,dpse, WSMS

Report at 11

25.  The original P.NPS. SAMA analysis also considered two serisitivity cases to
evaluate the‘ cénsequences of potential uﬁceﬁainties in the évacuation delay time and evacuation
épeed. Case 1.a assumed a two-hou_r'deléy before evacueeé in the EPZ begin evacuation t§
~evaluate the sensitivity of the consequencé results to uncertainties in the delay time. WSMS
Report at 7, 24. Case 1.b maintained the base case 40-;_ni1mte delay 'ﬁme befofe evacuation
begins, But assumed a lower effectiye evacuation speed of 1.54 mph to evaluate consequence
sensitivities dﬁe to uncertainties in the evacuation speed, e.g., road conditions.and tréfﬁc _
congestion. WSMS Report at 7; 24. Tﬁe results of the two _sensi_tivity cases comfjéred to the
base casé shpwed a maximum change in the popﬁlatidn dose'estimates of less than 2%, for éne

release category (CAPB-8), and abouta 1% change to the PDR. PNPS License Renewai

Environmental Report at E.1-68.

: .‘26. Pilgrim Watch raisé.s a series of claims to challenge the adeqliacy of the input
parameters for the evacuation delay time and evacuation speed used in the PNPS SAMA
analysis. To test whether these claims, if true, would affect the results of the SAMA ané]ysis, a

series of sensitivity cases were run to evaluate the consequences of longer delay times and
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slower e’vacﬁatidn speeds. Thgse sensitivity cases considered evacuation delay times as long as
s1x hours and e?abuatiOn speeds aé éléw as 0.76 mph. Another sens’it'iyity'case assumed that no
éva._cuat‘ion of fhe EPZ was undertaken and that everybne within the EPZ carried on with thei.r.
nomal activities. The maximum (_:hangé to the PDR resulﬁng from any of these senéi_tivity cases.'
Waé 6%. WSMS Report at25-28. As diécussed in Section VI of th15 Declaratign, a 6% increase...
“in PDR would increase the total cost risk of the pos’nilated release events evaluated in the SAMA

| anélysis by only 2% (beca'usé the PDR accounts for épproximately uonlyv33% of the total cost nsk _
in the SAMA analysis). A._2V%_ increase in total cost risk is far less than that which wouid be |
;equired befofé any .addit_ional.SAMA would be identiﬁed as pbtentially cost-effective. As |

) discﬁssed in Section VI, the tbtal cost risk 'Wopld need to increase by more .than 100% before any
additional SAMAs would be identified as potentially cost-effective. Thus, it is readily appargntb |
that the claims made by Pil grim Watch concverni'ngthe adequacy of the eyacuatién delay and
évécuation speed input parametérs used in the PNPS SAMA anéiysis' would have.no impact on

the results of the PNPS SAMA analysis.

27.  Focusing on Pilgrim Watch’s specific claims and the s:peciﬁc sensitivity cases
considéred in the WSMS Report, Pilgrim Watch clair_hé fhat the MACCS2 model irhproperly
assumes that radiation danger will .no'.t extend béyond 10 miles and that the EPZ population is out
of dax:lger upon crossing the ld—mile EPZ boundary. Pilgrim Watch Pet. at'39, 42. 'Pilgﬁm
Watch is incorrect. MACCS2 does.vmodel_éqnsequences' beyond the lO-ﬁile EPZ boundary, out
to 50 miles, and thus accounts for potential doses beyond 10 miles from the Iﬁlant. Résideﬁts in
the 10-mile to 50-mile regi_on‘recei\)e radiological exposure during the emergency phase if they
are within tﬁe plume passage region. Also, they will réceive doses duﬁng thé IOﬁg term phase,

‘which in fact accounts for most of the population dose as previously discussed. MACCS?2 will
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calculate the population dose from cloudshine, groundshine, and inhalation of material directly
from the plume. Inhalation doses from resuspended material are also accdu_nted for in the dose

calculation. WSMS Report at 25.

28. . In the current base and sen.sitivity MACCS?2 cases, once the eQacuating‘ )
.popul‘a'tion from the EPZ has moved beyond the 20-miie disfance, they‘ no loﬁge; incﬁr .
», rad_iblogical’ expésure for thefemain_der of the-7-day emergency phase. This is a standard |
assumptidn rﬁade in usiﬂg the MA.C‘CS2 code based on emergency' piénning to evacuate away
frdm,the plumé'directi(')n and resulting radiologicvalv foot_pfint. | Hcl)'Weve'r', the evacuees méy
receive future dose during‘ the‘iong-term phaée jf their pbint of originv within the EPZ remains
‘inhabitable. In additioﬁ, MACCSZ Sensitivity Ca_sé 4 was run to model ev’aéueeé as moving to a
40-mile radius before assuming that they have reéched centefs cstablishea_for the .evacue'es.
Because these cerite{s are -in'fact located ata distaﬁce that is closer than 40 miles to PNPS, Case
4 is conservative in that evacuees are tréveling a greater distance than would be expecfgd in an
actual evacuatiovn, proéedufe. WSMS Report at 25. Thé summary for Case 4 fs shown in
- Appendix D tothe WSMS Report. Tﬁere is less than 1% difference"féf PDR and OECR between |
the Base Case and Clase 4. Thus, assuming increased _trével distance .fc_>r evacuees does' not |
producc any nOtiéeablé iﬁcrease to _p,opulaﬁjon dose or the risk indices of PDR and OE_CR. ‘The
dose'r-niti gation strategies for fhe EPZ during the emergency phase have litfle impéét oh thc
overall .dosev results, which are dominated B_y effects in the 20-mile to 50-mile ;_egio_ns'and late-

phase portions of the cbnséquence modeling. WSMS Report at 25.

29.  Pilgrim Watch inéonectly claims that the MACCS2 model fails to consider those
who cannot evacuate and must shelter. Pilgrim Watch Pet. at 39. The PNPS SAMA analyses

assumed that persons who could not evacuate on their own would be provided assistance tb
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evacuate. C'urrventvemer'gency plénning by the State of Mass_achusetts providgs.for such
aésistance.’ WSMS Report at '26..' In additidn, MACCS2 Sehsitivity Case 6 wés run wherein the
¢vécﬁaﬁon model was turned 6ff altogether. In other wérds, éveryone within the EPZ is .‘
as_éumed fo carry on with their normal activities. Thé results uﬁndéf these assumptions are shown
1n Appendix E to. the WSMS RePoft. The results indicate an inéreasé in pqpﬁlation dose risk of
about 6%. As already. discussed, such an increase would have no imﬁact on the results of the

PNPS SAMA analysis.

30, Pilgrim' Wétrch-errc_)neously asserts that the PNPS SAMA analysis used faulty

~ evacuation time estimate assumptions, and that “voluntar& evacuation frof_n within the EPZ was .
estimated to be 50% within a 2-5 mile ring arouh_d the reactor, excluding the “k_ey-holé;” and

‘ 25%. in the anﬁular ring'betw.eer_l the 5-mile boundary of the circle and the 10-mile EPZ

| boundary”. Pivlgrim.Watc}lx Pet. at 40; Howévef, the SAMA analyses were not based on |
voluntary _evac_uatiqn, but assumed that the entire 10-mile EPZ would be evacuated in éccor_danée '

with the Emergenéy P]ans providing for such evacuation in appropriate circumstances. WSMS

Repbrt at 27.

31..' Pilgrim vWatch claims that the evacuation delay time estimates of 40 minutes and

~ 2 hours used in the SAMA analysis are inappropriate because it could take longer to notify the
population. Pilgrim Watch Pet. at 41. Pilgim Watch’s claims are wrong, as Aiscussed in the‘
Declaration of Thomas Sowdon. Furthennore, Sensitivi‘ty Caée_6, which assumes f_lg evacuation -
and résults in an increase in the PDR of only 6%, demonstrates that any uncertainty in the

| evacuation de_:l_ay estimate is inconsequential. WSMS Report at 27. In addiﬁon, MACCS2
Sensitivity Analysis Case 7a was performed, erhployed a 6 hour evaéuation_delay time as

compared to the base case of 40 minutes for the evacuation delay time. The results for Case 7a ,
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are prov'ided in Appendix F to the WSMS Report. The PDR for Case 7a is 5% higher than the
basecase.'_ This case is bounded by the no-evacuation model in Case 6, for whjch the change was

6% to the PDR. WSMS Report at 28.

32.  Pilgrim Watch claims that fth'e evacuation speed eetirnates are uvrong. P11gr1m

‘Watch Pet. at 41 -43. Pilgrim Watch’s claims are wrong, as discussed in the Declaration of
Thomas Sowdon. Again, Sensitivity Case 6, which assumee ng evacuation and recult_é ifi an
~ increase tn the PDR of on_iy _6%~,demonstra.tes .tha.t an}; uncertainty in the evacuation speed - -

estimate is inconsequential. ‘WSMS Report at 27,’. In addition, MACCS2 Sensitivity Analysis
Case 7b> was perforrned which employed an .ext.remely slow evacuation speed.of 0.76 mph as.

compared to 2 17 mph in the base case.. The results for Case 7a are prov1ded in Appendlx tho

' the WSMS Report The PDR for Case 7b is 3% hlgher than the base case. Th1s case is bounded..
| by the no- evacuatlon model in Case 6 in wh1ch the change was 6% to the PDR. WSMS Report _

at 28._

V.  ECONOMIC COST MODELINGISSUES

33,  The third area Pﬂgrim Watch challenges is the adequacy the Pilgri’rn MAQCSZ
economlc consequence model, claiming that it only includes the economic costs of “mitigative
actions” and does not model the loss of ‘economic activity,_ such as loss of tourism or other
business actiVity'. Pilgrim Watch Pet. at 43-45. Pilg’rim. Watch no_tes that travel and tourism
accounted for over §11 bilhon in spending for calendar year 2003 in Massachusetté and claims
that asevere accident at PNPS would severely.impact travel in four counties for which it

provides .2003 travel expenditures. Pilgrim Watch Pet. at 43-45.
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34. P1] gﬁm Watcﬁ’s challenges to the adequacy ‘of the economic analysis performed |
in the PNPS SAMAS are without merit. First, Pilgrim Watch’s claim that the MACCS2 and the
PNPS SAMA only c_:onsidered thg economic costs of hditigative actions, such as evacuation a;ﬁd -
décontamination, is wrong. A wide range of economic co§t_s aré accounted for by the MACCS2
Il;lO.(161‘ in accérdaﬁce With.the SAMA coét-beneﬁ.t analysis guidaﬁcc from NEI 3. The econorﬁic
- costs calculated by MACCS2 account for region-speciﬁc and county-specific costs, and include

(1‘)' cost of evacuation; (2) cost for temporary relocation (food, lodging, and lost income); (3) cost

~ of decontaminating land and buildings; (4) loss of building/land use and any corresponding lost |

return on investment arid depreciation associated with decontamination and interdiction; (5) cost

- of repairing temporarily interdicted property; (6) Value of crops destroyed or not grown because

they were contamin'ated_bv direct deposition or would be contaminated through root uptake: and

(6) value of farmland and of individual, public, and non-farm commercial property that is

condemned. WSMS Report at 29. -

35 Thus, cbntrary to the Contention’s broad assertions, thé MACCS2 codé provides’
for the modeling of a wide range of economic losses. As reflected in:'items 4 and 6 uﬁderlined in
pafagraph_ 34 above,l these include losées associated witﬁ economic acftivity, such aé loss of
income, loss of value of crops not grown, and loss of us.e>and return oﬁ property, including
| comﬁercial_ and business proﬁérty. WSMS Report at 30. In terms of loss of use and retlim on
property, as part of interdiction cos_té the MACCS2 code provides fbr Ma depreéiation rate on
property imprdvefneﬁts to account for loss of value of Buildings and other svtl"uctures,v and (2) an

expected rate of return from land, buildings, equiprrient, etc. The Pilgrim SAMA analysis used

3 (“NEI 05-01, Severe Accident Mitigation Alternatives (SAMA) Analysis Guidance Document, and
Revision A” (Nov. 2005) (“NEI 2006”)
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‘an annual depreciation rate of 20% and an annual rate of return of 12%. WSMS Report at 31.
The proviSion for these losses in the SAMA analysis and the specific input paiameters’ used for
the PNPS SAMA analys1s are in accordance w1th the SAMA cost-beneﬁt analy51s guldance from

. NEI 2006 which has been recommended by the NRC Staff for use in SAMA analyses

36.  The value for no'n-farm property used in the MACC.SZbase case for the PNPS

- SAMA analysis' was based on the latest data at the time the analysis was perfoi'rned .'o_f non-farm
 fixed reproducible tangible wealth ~ a meastre of the non-fann land and durable goods (things

that people oWn) These goods may be bu‘siness and commercial buildings related eciUiprnent

and inventory, residential houses cars, washlng machmes etc. The values for non-farm property

used in the SAMA analysxs were based on equahzed valuations of all property S0 as to equate to

the actual fa1rvmarket value of all property w1th1n the region. WSMS Report at 32.

37.  Thus, the MACCS2 SAMA analysis for PNPS allows for a return of 12% on the
actual fair market value of all business property, including land, buildings, equipment and
inventory and,‘ as such, does ’account for loss of economic activity during the inteidiction phase.
| Additionally, the full value of any non-i‘ann property that would_be condemned would also be

accounted as an economic cost in the SAMA analysis.

_ -38. The economic analysis performed by the MACCSZ code as described above and
as applied in the PNPS SAMA analy51s is the state of the art for SAMA ana1y51s stud1es It
follows the NEI 2006 guldance on ’S.AMA- analyses, wh1ch_ the NRC Staff has recommended for
peiformin g SAMA analyses. No other code exists that performs‘similar‘ analyses_for severe

accidents at nuclear power plants.
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39. Nonéthéless-additional anallysis has been p'efformed to assess Pilérim Watch’s
ciaims regarding businéss and touﬂsﬁ loss risks. Speci‘ﬁcally, a sensitivity case was perfoméd
in Wthh the iﬁput parameters for the value of non-farm properfy havé been modified to include
data that specifically account for county énd_met;opolitan afe_a grqsé domestic prqdﬁct_. Such '

data would directly account for tourism, business activity, wages,- etc. WSMS Report at 31-32. .

| 40. | _Undef this revised approach, the gross.domestic product has been detenninéd' ona
~ county bésjs for the coﬁﬁti_es included in the SAMA a_na]ysis. The county-spe.c.iﬁc gross county -
| product (“GC?”) for each couhty was then added to the ﬁonffarm pr_operty value used in,‘thé "

ori ginalvanal'ysis for the county, and tﬁe new, higher value for non-farm 'property for each county
, “was used in the sensiti\;ity énalysis. WSMS Repoﬁ at31-32. The addition of gross county B
product to the n_dn-fanﬁ ‘property value in the analysis directly accounts for the total value of
goods and services prpduéed in an area. .Thé revised value th'e_r‘eforel measures the non-farm
wealth (tangible wealth owned) in the individual counties as well as their direct economic output.

WSMS Report at 32.

41, . Substituting the new value for non-farm property for the various counties in the: ': '
analysis ahd-holding the other parameters of thé anélysis constant (Sel'lsitiVity case A8.b) resulted
in no.changé to the PDR and an increase of the OECR of 2%. WSMS Report at 34 and Table
| G‘.2.4 Thus, augmenting the non—férm wealth economic indices with _céu_nty- and region-spéciﬁc

business and tourism data has negligible impéct on the results of the SAMA analysis.

* As discussed in the WSMS Report, the original SAMA analysis utilized a highly conservative value for
the average regional value of non-farm property, which is used in making determinations in the
analysis of whether property is interdicted or condemned. WSMS Report at 29-30, 33-34. Retaining
the same highly conservative value for non-farm property used in the original analysis while using the
new, augmented county values for non-farm property (Sensitivity case 8.b) results in the 2% increase in
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42. As discussed in Section VI below, this 2% iﬁcrease in the‘ OECR would not resulf :
in identifying any additional potentiaily cost effective SAMAs. In fact, the OECR wéul’d need
to incféase bylrou ghly 200% (assuming no increase in the PDR) befbre‘any additionally SA_MAS '
would Be_ identified aé being potentially cost effective. Thié is two orders of magnitﬁd_é mofe I'
than the incréase calculated for Sensi_tivify case 8.b and provides h1 gh cc_)nﬁd‘en'ce. in thé validity .,

- of the PNPS SAMA analysis results.

| VI. SAMA COST ﬁENEFIT INCORPORATING NEW SENSITIVITY ANALYSES
43 The results of the ne.'w’sensitiv'ity Ianalyses' do hot 'make' any of the; SAMA_é being

céﬁsidered cost beneficial. The maximum iric;rease to the PDR for any of the new sensitivity

studies discussed a‘bové waé 6% and the xﬁéxirﬁulﬁ increase to the OECR for any of the -
sensitivity studies discussed above was 4%. Usmg these maximum increases for the PDR and
tile OECR values_woul'd.illlcreasg the total cost for.each of the 59 SAMASs by about 4%. This is
becaﬁse the off-site popﬁlation exposuré cost contributes abou‘; 32% of the .tofal cost fesulting ,
from the postulated aécidént evaluated as part of the SAMA analysis, and the Off-éife ie.ccSnomi_c' |

.cost contributes about 54% of the total. WSMS Report at 39.°

44.  Forthe SAMA that is closest to becoming potentially cost effective, SAMA #8,
the baseline benefit for this SAMA ($2;405,508) is less than half of the esﬁmated gost of
_ implementing the SAMA (>$5,000,000). '_A_ccordingly, the baseline benefit, or the total cost

av’oided,y would have to increase by more than 100% before SAMA #8 would become cost

the OECR discussed above. If the average regional value of non-farm property were recalculated based
on the new, augmented county values for non-farm property in accordance with the applicable SAMA
-guidance (Sensitivity case 8.a), the OECR would decrease by 13%. WSMS Report at 34 and Table
G.1. : : .

The remaining costs are attributable to on-site exposure costs and on-site economic costs (defined as
‘on-site clean-up and decontamination cost, and replacement power.cost). WSMS Report at 39.
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_beneﬁcial. 'WSMS Report at 39. This is a factor of 25 times greater than the maximum increases

seen from any of the additior)al sens.itivity analyses evaluated in the W_SMS Report.'.

45, * The baseline risk is the sum of the rnean PDRs and the mean OECRs for the 19
different release categories evaluated in the PNPS SAMA aﬁalysis (as Welli as the othe_'r costs
»included in the SAMA analysis referenced in.note 5 above). The b'asehne case,‘ or the mean, is -
‘_ ﬁsed to determi_rre whether a SAMA is ootentially cost .effectrve. NEI 2006 at 15. The baseljne
~ or mean Value is used ih 'making this detenninati_(')n in order to ensure that the costs and benefits L
- are appropriately balan'ced:artd not biased in one directrort or :another in determining whether a .

r)articular mitigating action is.‘cost-effectiv_e. Thus, the incr_ease'in total cost would need to be on
| the order of 25 times greater than the maximum i_n.cre'a'ses '_for the PDR and OECR shown by a'ny.
of the sensitivity' analyses before any additiohal’ SAMAs would becom‘e potentially cost

effective.

46.  The large marg.ins- and conservatisms retained in the SAMA analysis before |
.addmonal SAMAs would be cost beneﬁcml can be further demonstrated by rev1ew1ng two
:bouncﬂl_lhg analyses that were conducted as part of the original SAMA analysrs The first was the
baseline case w1th uncertalnty and the second was a sen51t1v1ty case that assumed a lower
~ discount rate (3% versus the 7% originally assumed). Comparing the estlrnat_ed cost to
implement the SAMA that is‘c_losest to becoming potentially cost effective, SAMA #8, the
benefits for the baseline with uncert.ainty oase'and the 3% discount rat_e sensitivity case are still
far below the cost tov implement this SAMA. This difference between the benefit for these two
b‘ounding analyses_and the 'cost to implement SAMA #8 is approximately an order of magnitude
larger than the calculated increase in benefit for the maximum increases in PDR and OECR '

shown for any of the sensitivity analyses in the WSMS Report. In other vtzords,_ the benefit
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increase derived from the maximum increases for the PDR and OECR shown by any of the
sensitivity -analyses would néed to be approximately an order of magnitude larger before any

additional SAMAs would become potentially .cost-effect_ive even under the baselin_e_with.

uncertainty and the 3% discount rate bounding sensitivity analyses. WSMS Report at 40. R

47. In summary, th¢ maximum ‘beneﬁt increaée of 4% calculated from the MACCS2
sensitivity analyses in this Report would not change the existing set of potentially cost-éffective
'SAMAs identified by the PNPS SAMA analysis. Before any additional SAMAQ would be
identified as potentially cost-éffective, the increase in benefit would need to be on 'the order of
:. 100%. Eveﬂ under‘ the baseline with un'certainty and _the 3v%‘ discount fate sensitivity analyses,
the increase in benefit would need to be approkimately an order of magnitude ‘l'arger before these

bounding sensitivity analyses would be affected. WSMS Repbrt at 40.

VII. CONCLUSION

48.  The PNPS SAMA analysis performed in support of license renewal was properly

performed and used appropriate methodology and input data. Additional sensitivity analyses that

~ have been subsequently performed démonstrate with high confidence the validity of the PNPS

SAMA analysis. Consequently, Pilgrim Watch Contention 3 laéks any factual Basis.

I declare under penalty of perjury that the foregoing is true and correct.

-

Executed on May 16, 2007

A oL,
Kevin R. O’Kula
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W ASHINGTON SAFETY MANAGEMENT SOLUTIONS

KE.V'IN‘R. O’KuLA

KEY AREAS

Computer Model Verlﬁcatlon and Validation Software Quality Assurance
Accident Analysis Computer Code Evaluation Probabilistic Risk Assessment
Regulatory Standard & Guidance Development MACCS2 Code Applications
Accident and Consequence Analy51s Level 3 PRA Standards

PROFESSIONAL SUMMARY:

Dr. O’Kula has 24 years experience as a manager and technical professional in the areas of safety analysis
‘standard and guidance development, computer code evaluation and verification, probabilistic risk '
. assessment (PRA), accident and consequence analysis, source term evaluatlon risk management, reactor -

materials dosimetry, shielding, and tritium safety applications. He was part of the Department of Energy

(DOE) team writing DOE G 414.1-4, Safety Software Guide, is a member of the American Nuclear . -

Society Standard working group on Level 3 Probabilistic Safety Assessment, and is on the MELCOR
+ Accident Consequence Code System, Version 2 (MACCS2) Review Committee for the NRC’s State-of-

_ the-Art Reactor Consequence Analysis (SOARCA) Program. He coordinated technical support for the
DOE Office of Environment, Safety, and Health (EH) in addressing Defense Nuclear Facilities Safety

Board (DNFSB) Recommendation 2002-1 on Software Quality Assurance (SQA), and is.a consultantto - .

DOE/EH-31 Office of Quality Assurance for disposition of SQA issues. He is a past chair for Energy
Facility ‘Contractors Group (EFCOG) Accident Analysis Subgroup.” '

Dr. O’Kula led a successful effort demonstrating Savannah River Site (SRS) K-Reactor siting compliance
to 10.CFR 100, and tritium facility compliance with SEN-35-91. He was the project leader for

. independent Verification and Validation (V&V) of urban dispersion software for the Defense Threat -
Reduction Agency (DTRA) and is currently the V&V project leader for several types of simulation
software for Dugway Proving Ground’s Chemical-Biological Program '

EDUCATION:

Ph. D Nuclear Englneermg, Umvers1ty of Wlsconsm 1984
‘MS, Nuclear Engineering, Univetsity of Wisconsin, 1977
BS, Apphed and Engmeermg Physxcs Comell University, 1975

- TRAINING:

Conduct of Operations (CONOPS) 1994

Atomic, Science, and Radioactivity Releases, 1995

. Consequence Assessment, 1995

U.S. DOE Risk Assessment Workshop, 1996

MELCOR Accident Computer Code System (MACCS) 2 Computer Code, 1997 2005
MCNPX Training Class at ANS Meeting, 1999 .

" CLEARANCE:
Active DOE “Q”

. 'PROFESSIONAL EXPERIENCE

Washington Safety Management Solutions ' o : - 1997 to Present -
‘Senior Fellow Advisor : : .

Dr. O’Kula provides ongoing support to DOE/EH 31 for addressing SQA issues: for safety analysis’
software. He co-wrote DOE G 414.1-4, Safety Software Guide on SQA practices, procedures, and -
programs. As a member of the MACCS2 Review Panel, he recommends practices to Sandia National |
Laboratories (SNL) and the NRC regarding the 3-year State-of- the-Art Reactor Consequence Analysm
(SOARCA) Program. Dr. O’Kula is also part of the Level 3 PRA Standard working group charged with
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developmg an ANSI/ANS standard for Level 3 PRA analysis. He participated in a team that conducted

an SQA gap analysis on the bioassay code [Integrated Modules for Bioassay Analysis (IMBA)] based on
DOE G 414.1-4 requirements. He identified safety analysis codes that were designated as DOE “toolbox” -
codes, and oversaw production of the first documents (QA criteria and application plan, code guidance
reports, and gap analysis) for 6 accident analysis codes designated for the DOE Safety Software Toolbox.

Dr. O’Kula developed the outline, coordinated contributors, and assembled the first draft of the DOE
‘Accident Analysis Guidebook, a reference guide for hazard, accident, and risk analysis of nuclear and
chemical facilities operated in the DOE Complex. He is also the primary author and coordinator for the
AcczdentAnalysts Application Guide for the Oak Ridge contractor. Dr. O’Kula also developed a one-day
course and exam for the guide, which he later presented to the Oak Ridge, Paducah, and Portsmouth staff..

Dr. O’Kula also led an independent V&V review for the DTRA of the U.K.-developed Urban Dispersion
Model (UDM) software for predicting chemical and biological plume dispersion in city environments, -
and is leading projects to verify several software applications for the Dugway Provmg Ground (Utah), and
the Edgewood Chemical Biological Center (ECBC) in Maryland

Managmg Member, Consequence Analys1s

-Dr. O’Kula was responsible for the consequence analysis associated with accrdent analysrs sectlons of
'Documented Safety Analysis (DSA) reports and other safety basis documents for SRS, Oak erge and
other DOE nuclear facilities. He also developed the methodology and identified appropriate computer

- models for this purpose. Add1t1onally, Dr. O’Kula developed training to enhance cons1stency and -

- standardize analyses in the consequence analysrs area.

Dr. O’Kula coordmated development of a DOE Accident Analysis Gu1debook involving over 10 sites and
organizations. He also led the effort to produce Computer Model Recommendations for source term (fire,
spill, and explosion) in-facility transport, and dispersion/consequence (radiological and chemical) areas.

A Westmghouse Savannah River Company ' _ S 1989 to 1997
Group Manager . '

Dr. O’Kula managed consequence analyses associated with accrdent analys1s sections of DSA reports and
* other safety basis documents. He also developed the associated methodologies and identified appropriate
computer models. He was a member of the management team supporting Criticality Safety Evaluation
preparation in assistance of Safe Sites of Colorado plutomum dxsposrtronmg fac1ht1es at the Rocky Flats
Environmental Technology Site.

Dr. O’Kula managed the completion of the SRS K Reactor PRA program. He developed the K Reactor
Source Term Predictor Model and assisted with the core technology lay-up program to preserve
competencies in reactor safety. He coordinated a 25-person group responsible for K Reactor probab1hst1c
and deterministic dose analyses, and led the examination of reduced power cases at project termination.

" He developed risk and dose management appllcatlons to cost- effectrvely prlorrtlze facﬂlty modlﬁcatxons

Dr. O’Kula interfaced with DOE Independent and Senior Review teams. to finalize study acceptance, and

_ transitioned the risk assessment team to risk management functions for nuclear and waste processing

_facilities. In addition, he successfully prepared a.10 CFR 100 Siting white paper to resolve issues raised
by the DNFSB, and teamed with DOE/HQ legal support to document resolutions. He led the
development of a position paper demonstrating SRS Replacement Tritium Facility comphance with DOE
Safety Policy (SEN-35-91).

- Staff Engmeer

Dr. O’Kula led an analytrcal team quant1fy1ng the tritium source term during a Loss of River Water
design basis accident. He evaluated airborne tritium levels with multi-cell CONTAIN model, interfaced
with a multidisciplinary team to resolve Operational Readiness Review concerns, developed an SRS-
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specific methodology for applying MACCS as a tool for Level 3 PRA Apphcatlons and applred
CONTAIN code for K Reactor source term analy51s

E.L duPont de Nemours & Company o 1982 to 1989 '
Principal Engineer, Research Engmeer ’

‘Dr. O’Kula performed risk analysis duties for the Savannah River Laboratory (SRL) Risk Analysrs
Group, and research activities for the Reactor Materials and Reactor Physics Groups.

Westinghouse Electric Corporatlon ‘ - : ' 1975
Summer Student, Reactor Licensing B

- American Electric Power Corporation . . - ' ' 1973 to 1974
Co-op Student, Reactor Physics and Reactor Licensing o S '

PUBLICATIONS (2000-2006):
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- K RO Kula et al,, Evaluatzon of Current Computer Models Applied in the DOE Complex for SAR
Analysis of Raa’zologzcal Dispersion & Consequences WSRC- TR-96 0126, Westinghouse Savannah
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K. R. O’Kulg, et al, Evaluation of 1 Current Computer Models Applied in the DOE Complexfor SAR
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‘Radielogical Dispersion and Consequence Alialysis Supporting '
Pilgrim Nuclear Power Station Severe Accident Mitigation Alternative Analysis

Executive Summary

Entergy Nuclear Operations requested the technical assistance of Washington Safety -

Management Solutions LLC (WSMS) to address a contention admitted as part of the license

- renewal process for the Pilgrim Nuclear Power Station in Plymouth, Massachusetts. This -
contention, Contention 3, was submitted by the Pilgrim Watch organization, and raises issues on.
the applicability of the MACCS2 computer code to support the Pilgrim Severe Accident
Mitigation Alternatives (SAMA) analysis, and consequently, the ability to draw conclusions -

“about the ecbnomic impacts relatiVe to benefits of possible mitigation alternatives.

Three areas of i issues ralsed in Contentlon 3 have been admitted into the license renewal
proceedmg

e The validity of the MACCS2 meteorological model and data used in the economic
 SAMA analysis, including the ability of the model to treat terrain effects and sea breeze
~ phenomena. Also spatial and temporal data resolution requirements were questioned.

e The adequacy of the input data and assumptions influencing the evacuation and sheltering
model in MACCS2, and the capabilities of the code itself to model actual and worst case
scenarios.

e The adequacy of the model for economic losses, especially those characterlzmg tourism
and business costs.

This report supports the technical resolution of the main contention areas. It provides technical
information to answer questions about the original SAMA analysis relating to use of the
MACCS?2 code, especially on meteorological, evacuation, and economic modeling. Also,
additional MACCS2 code runs to support sensitivity analysis of the consequences of
uncertainties in specific input data and parameter values were performed. The insights gained
from these additional analyses are used to address the related contention issues.

. The analysis provided here reaffirms the use of the MACCS2 computer model to guide the
identification of SAMAs for the Pilgrim plant based on postulated accident conditions. In
particular, MACCS?2 is a state-of-the-art computer model, well-suited for SAMA analysis
determination of consequences, including the population dose risk (PDR) and off-site economic
cost risk-(OECR). MACCS?2 consequences are calculated using the Gaussian plume
methodology that is well-understood and is applied using conservative modeling assumptions -
and input data that is comphant with Nuclear Regulatory Commission guidance and nuclear
industry practices.

X
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Use of the MACCSZ code and apphcatlon to the P11gr1m Statlon set of postulated accident
cond1t10ns provided the following insights:

e The Gaussian plume model is appropriate for the fifty-mile region of interest surrounding
© the Pilgrim site. The Gaussian plume model is found to be in good agreement with more
_sophisticated and complex models that are considerably more data-intensive and has been,
~ applied using conservative modeling assumptions to produce conservative results.

e Most of the PDR and OECR estimates are primarily due to radiological exposures and
subsequent economic effects in the 20-mile to 50-mile region areas and sea breeze effects
and variability are rarely important at these distances.

e The dose mitigation models implemented in the MACCS2 code used authoritative, N
evacuation time estimate (ETE) data and a conservative model of evacuation of residents
from the EPZ. In addition, these contributions are not mgmﬁcant to the overall PDR and
OECR estimates.

o Sensitivity analyses demonstrated that while evacuation timing and speed can affect the
population dosé incurred in the initial phase following an acmdent condmon the .
influence to the overall population dose is smail.

¢ Population dose is mostly due to groundshine effects occurring in the long-term phase of
the analysis, or approximately the first 30 years following the accidental release. Other
contributors are decontamination dose and ingestion dose. -

"o An updated accountability of business and tourism losses in the 50-mile region around
- Pilgrim indicated small, incremental increase to the OECR. However the increase was
insufficient to justify additional severe accident mitigation alternatives.

e Similar to the population dose component, economic costs are incurred mostly in the -
long-term phase. During the long-term phase, the major contributors to cost are, in order
of descendlng importance, population interdiction, decontam1nat1on and condemnation
costs. :

e Agricultural losses are insignificant compared to non-farm, business loss and tangible
property losses. : -

MACCS?2 sensitivity cases explored trajectory effects, terrain impacts, distance to travel for
evacuees, no-evacuation, evacuation delay time and evacuation speed, and the addition of non-
farm wealth data to account more fully for economic costs. The increase in PDR ranged from
0% to 6%, and on average, was about 3%. The increase in OECR ranged from 0% to 4%, and
averaged about 1%. :

Using the maximum increase in the results of the MACCS2-based sensitivity studies for PDR

~ and OECR of 6% and 4%, respectively, would increase the total cost by about 4%. However,
before any additional SAMAs would be identified as potentially cost-effective, the increase in
benefit would need to be on the order of 100%, or a factor of twenty-five times greater than
shown by any of the sensitivity analyses in this report. Even under bounding sensitivity analyses
prev1ously performed for the SAMA ana1y51s including 95 percentlle uncertalnty and three
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percent discount rate cases, the increase in benefit would need to be approx1mately an order of
magmtude larger before these analyses would be affected

Accordingly, the maximum benefit increase of 4% calculated from the MACCS2 sensitivity
analyses in this report would not change the existing set of potentially cost-effective SAMAS
identified by the PNPS SAMA analysis. Much larger increases in benefit would need to oceur
before any new SAMAs would be 1dent1ﬁed as potentially cost effective.

X1
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“Introduction

Entergy Nuclear Generation Company and Entergy Nuclear Operations, Inc. (Entergy Nuclear)

are requesting renewal of the operating license for the Pilgrim Nuclear Power Station (PNPS or

* Pilgrim) through the process established by the U.S. Nuclear Regulatory Commission (NRC) and
other federal entities. The current license for the Pilgrim Nuclear Plant, located in Plymouth

‘Massachusetts, extends into 2012. :

~ In May 2006, requests for a hearing and petitions to intervene were filed by the petitioners
Pilgrim Watch and the Attorney General of the State of Massachusetts (Pilgrin Watch, 2006).
The Pilgrim Watch’s Petition contained five contentions, and included one that questioned the
- Severe Accident Mitigation Alternatives (SAMA) analysis prepared for PNPS. Spe01ﬁca11y,
Pilgrim Watch Contention 3 (PW3) contends:

Thc Environmental Report inadequately accounts for off-site health exposure and economic
costs in its SAMA analysis of severe accidents. By using probabilistic modeling and '
incorrectly inputting certain parameters into the modeling software, Entergy has downplayed -
the consequences of a severe accident at Pilgrim and this has caused it to draw incorrect
conclusions about the costs versus benefits of possible mitigation alternatives.

This c_oritenti_on was subsequently admitted in part into the license renewal proceedings by the
Atomic Safety and Licensing Board (ASLB) of the Nuclear Regulatory Commission. At leastin -
part, Contention 3 centers on the sufficiency of the MACCS2 computer code (SNL, 1998a, '
1998Db), the data input to the code to support the Pilgrim SAMA analysis, and the capability of
the MACCS2 model to provide a basis upon which to draw conclusions in the Pilgrim SAMA
analysis (PNPS, 2006; LRA, 2006a, 2006b). '

The main areas at issue that are addressed in this report are the following:

e The validity of the MACCS2 meteorological model and data used in the economic
SAMA analysis, including the ability of the model to treat terrain effects and sea breeze
phenomena. Also spatial and temporal data resolution requirements were questioned.

e The adequacy of the input data and assumptions influencing the evacuation and sheltering -
model in MACCS?2, and the capabilities of the code 1tself to model actual and worst case
‘'scenarios.

- o The adequacy of the model for economic losses, especially those charactenzmg tourism

~ and business costs.

This document provides technical information that addresses each of the three PW3 issues listed
above. It includes aspects of the radiolo gical dispersion and consequence analysis prepared to
~ support the original SAMA analysis and also contains the new sensitivity cases that were run to

address issues and 1mportant phenomena questions ralsed in the contention.,
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Contentionv Issues, Use of the MACCS2 Code and Applications to 'Pilgrim.SAMA Analysis

In this section, the admitted contention is described along with statements concerning the -
contention, as given by the ASLB. The MACCS2 computer model is then discussed followed by
* characteristics of the base case consequences. Flnally, a discussion on each of the three issues

relative to the MACCS2 computer model is given before rev1ew1ng the outcome of the
sensitivity analyses. :

A. Contention as Admitted by the L_i_censing Board

1. Contention as Formally Admitted by Board: “Applicant’s SAMA analysis for the P11gr1m
plant is deficient in that the input data concerning (1) evacuation times, (2) economic
consequences, and (3) meteorological patterns are incorrect, resulting in incorrect conclusions

" about the costs versus beneﬁts of poss1ble mitigation alternatives, such that further analysis is-
called for.”

2. Board Statements Concertning the Content1on
Caf (W ]e find their contention, that use of more accurate input data in these three areas could
' materially impact the computed outcome, to be reasonable and the possibility intuitively
obvious in the absence of actual computations definitively demonstrating otherwise.”
b. “[TThe evacuation and economic information provided by Pilgrim Watch would seem
reasoniably to indicate that different results might have been reached in the SAMA analysis, -
and the same applies, to an extent, to the meteorologlcal data

B. PW Challenges to the MACCS2 Model and the Input Parameters

This sectlon restates the pertinent parts of the Pilgrim Watch Contentmn #3 as they relate to the
MACCS2 code and its apphcatlon in the SAMA analysis.

1.PW CHALLENGES TO THE METEOROLOGICAL MODEL AND DATA USED IN THE
" SAMA ANALYSES

a. The MACCS2 Code uses a Gaussian plume model to estimate atmospheric dispersion of
. point release of radionuclides.. Such a model has the following inherent limitations.
(1) Model does not take into account changes in wind speed or direction, either in time or
space. '
(2) Model does not take into account terrain effects.
" (3) Model cannot be used to estimate dispersion less than 100 meters.
b. Sea breeze would have an important impact on dose exposure. The sea breeze effectis -
' described in 1988 Spengler and Keeler report.
c. Coastal topography also plays an important part in dose exposure.
d. Data from only two sources for a single year were used.
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3.

Proper analysis requires multiple years of data from multiple sources in order to take into
account the specific characteristics of the Plymouth area. For example, under sea breeze
conditions, turbulence structure of the atmosphere will not be accurately determined by
meteorological sensors at the Pilgrim plant.
Accurate analysis would require installation of contmuous recordmg meteorologlcal

- instruments along the coast and at addltlonal inland 31tes ‘

.PW CHALLENGES TO THE EVACUATION TIME ESTIMATES USED IN THE SAMA
ANALYSES:

"MACCS2 model improperly assumes that the population is out of danger upon crossing the
10-mile boundary.
MACCS2 model does not consider those who cannot evacuate and must shelter
The SAMA analysis did not use the most recent evacuation time estimates.
Many of the assumptions and estimates of the evacuation time estimates used in the Pilgrim
SAMA analysis are faulty.
' The evacuation delay time estimates of 40 minutes and 2 hours are incorrect because notlce_
“of evacuation could take longer than 2 hours to reach people.”
The evacuation speed estimates are incorrect.

PW CHALLENGES TO THE MACCS2 ECONOMIC ANALYSIS:

a. The MACCS2 Code models only the economic costs of mitigative actions.

b.

(1) Economic costs include the cost of decontamination, condemnatlon and temporary or
permanent relocation.
(2) The valuations include only the assessed value of the property, i gnonng the business
value of the property. :
(3) Nowhere does the model account for the loss of econormc act1v1ty, such as loss of
tourism.
Tourism is an 1mportant business in the area surroundlng the P11 grim plant.
(1) 2003 report shows $11.2 billion spent in Massachusetts annually on transportation,
lodging, food, entertainment, recreation, and incidentals.
(2) A severe accident at Pilgrim would severely impact travel in at least four counties,
- Plymouth, Barnstable, Dukes and Nantucket. In 2003, travel expenditures for these
counties were as follows: ‘
(a) Plymouth — $353.14 million.
(b) Barnstable — $684.27 million.
(¢) Dukes — $91.86 million.
(d) Nantucket — $139.93 million.

(3) Plymouth Plantation, less than five miles from plant brings in almost $10 million annually.
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Response fer Pilgrim Watch-#3 Issue Resolution

‘As discussed in the Introduction section, PW#3 primarily raises questions on: (1) the adequa(:y

~ of the single-point Gaussian model for a fifty-mile radius region surrounding Pilgrim; and (2) the

choice of input parameters in the MACCS2 SAMA analysis. The central themes in the -
contention relate to the Gaussian model, emergency evacuation and economic costs.

Prior to discussing the three key issues in the contention, an overall review of the MACCS2 code
is required. The base case modeled in the SAMA analysis is described next, followed by
observations drawn frorn the initial base case MACCS2 results.

' MACCSZ Consequence Model

The code used for the prev1ous and updated SAMA analyses is MACCS2 Version 1. 12 of
MACCS2 was used in the original SAMA analysis documented in the Appendix E '

" Environmental Report (PNPS, 2006). Version 1.13.1 of the code from Sandia Nat10na1
Laboratories (SNL) was applied in response to the NRC’s Request for Additional Information
(RAJ) (LRA, 2006a. 2006b). MACCS?2 is an update to MACCS, and the CRAC line of ,
radiological dispersion and consequence codes (SNL, 1998a and SNL, l998b) "MACCS2isa
Gaussian plume model for calculation of radiological atmospheric dispersion and consequences

~ that has been used by nearly-all nuclear power plants in the U.S. to support Probabilistic Safety
Assessments (PSAs) and more recently; SAMA analysis as part of nuclear power license
extension. It has been used worldwide for nuclear facility safety analysis, chiefly to support

- PSAs, but also deterministic safety analysis and cost-benefit studies.

In general, MACCS2 is setup to execute in three sequential steps: (1) ATMOS calculates air and
ground concentrations, plume size, and timing information for all plume segments as a function
of downwind distance; (2) EARLY calculates consequences due to radiation exposure in the -
emergency phase (first seven days) from the time of release; and (3) CHRONC calculates long-
term consequences due to exposure after the emergency phase, and for determining
decontamination and other economic impacts from the' hypothetical accident. Additional input
files include site, meteorological data, dose conversion factors (DCFs), and site/population data
to support overall execution. The complete three-step execution of MACCS2, including input
and output files, is shown in Figure 1 for a general analysis.

! The United States Nuclear Regulatory Commission (NRC) sponsored the development of the MACCS code
(Chahin, 1990; Jow, 1990; Rollstin, 1990; and Chanin, 1993) as a successor to the CRAC2 code for the
performance of commercial nuclear industry probabilistic safety assessments (PSAs). The MACCS code was used
in the NUREG-1150 PSA study (NRC, 1990a) in the early 1990's. Prior to being released to the public, MACCS
was independently verified by Idaho National Engineering and Environmental Laboratory (Dobbe, 1990). After
verification, the NRC released MACCS, Version 1.5.11 for unrestricted use. Examples of MACCS applied in this
period include commercial reactor PSAs (both U.S. and international), as well as non-reactor nuclear facilities
(primarily U.S.). Although MACCS2 was originally released in 1997, it was not until 2004 that Version 1.13.1 was -
released. MACCS2 1.13.1 dispositioned known errors and addressed a number of user interface issues.
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. < ATMOS Input >\ .
o ) ATMOS
. < Meteorological Data >/
. ( ) EARLY Input- ' '
< ) ~Population Input >—> EARLY
( ~ Dose Conversion Factors >/
<A CHRONC Input | >\ |
( " Population Input >“> CHRONC
( _Dose Conversio.n Factors >/ l
' OUTPUT

- Figure 1. MACCS2 Three-step Execution for a postulated release condition.

Base Case and'Original Sensitivity Cases

MACCS2 was used to analyze consequences from a set of release conditions over a 50-mile, or
80-km, radius region around the Pilgrim site. The key consequences of interest were population
dose (person-sievert), population dose risk (PDR, in units of person-rem/year), and total off-site
economic cost ($) and off-site economic cost risk (OECR, in units of $/year). The mean values of
consequence distributions were used in the analysis and the mean population dose and off-site
economic costs are multiplied by the frequency of occurrence to determine risk values for each
release condition. These are s_umined‘to determine overall PDR and OECR estimates.

The base case in the SAMA analysis is based on a Pilgrim plant-specific Level 3 Probabilistic
Risk Assessment (PRA) and Individual Plant Examination (IPE) model results to measure the
changes in consequences with potential plant modifications as described in PNPS (2002). The
set of source terms applied in the base analysis are representative of accident sequences

w
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‘evaluated in the PRA and IPE analyses for the Pilgrim Station and described in Section E.1.2.2.6
of the Environmental Report (PNPS, 2006). Characteristics and frequency of the nineteen
release categories or source terms were also documented in PNPS (2006).

The Pilgrim SAMA results are based on a 2028 MWy, core mventory with an adJustment ofa
25% increase for long-lived radionuclides, >°Sr, **Cs, and "*'Cs (Table E1-14 of LRA, 2006b).
MACCS?2 considers the source term in nine groups based on their physical/chemical behavior
and characteristics once the group of radlonuchdes is released from the fuel and enters the

-~ environment as part of a plume. :

For the -MACC_SZ cases, the 2000 Census Bureau data, along with projected growth for the 50-
mile region was used to estimate permanent resident population levels to the year 2032 on a
county-specific basis (PNPS, 2002). A transient/permanent resident ratio was estimated for each
- of the counties within the 50-mile grid and is conservatively set at the 2000 level. The total -
population for a given spatial element in the MACCS?2 grid is conservatively projected at the
2032 permanent resident level for the county making up most of the spatial element added to the
_peak transient level (using the ratio of transient to permanent as determined for 2000). Details of
the analysis are documented in PNPS (2002).- : '

" Hourly meteorological data for the MACCS2 code was obtained from the PNPS meteorological
monitoring system and the Plymouth airport (precipitation). The PNPS data was based on
calendar year 2001 observations from the upper tower, and was processed into hourly wind
speed, wind direction, atmospheric stability, precipitation input for MACCS2. Data was
evaluated from PNPS to provide the mixing layer height on a seasonal basis (PNPS, 2002
PNPS, 2006).

In general most economic data for farm and non-farm activities, including decontamination,
-interdiction; and condemnation data-sets and individual parameter values are based on the best
available cost information current at the time of the analysis. Later sections of this report discuss
individual point values for key parameters in more detail. ' :

Several phases of consequence analysis are usually modeled in MACCS2: a.) an emergency
phase; b.) an interdiction phase; and c.) a long-term phase. MACCS2 has been configured in the
PNPS SAMA analysis to model a seven- -day emergency phase after the postulated accident,
followed by a five year interdiction period, and then a thlrty-year long-term consequence
analysis period. Mitigation plans incorporating evacuation and sheltering are modeled only
during the emergency phase, and applied only to residents within the EPZ. During the second
period, or interdiction phase, protective actions such as decontamination, or decontamination
followed by interdiction are evaluated to determine if the exposure of an individual can be
reduced to an allowable dose level (typically, 4 rem over 5 years). Ifit is not possible to reduce
doses to the defined dose level in a cost-effective manner, the property is condemned, and the
resident population is permanently relocated. During the long-term phase (set for 30 years in this
analysis) exposure pathways include
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Groundshine :

Inhalation of resuspended radioactivity
¢ Food ingestion

o Water ingestion.

The SAMA analysis (Pilgrim, 2006) considered three MACCS2 cases. The three cases are:

~o_ Base case MACCS?2 (Case 1): This case considered a forty-minute delay between the site
~ siren alert and the beginning of evacuation of persons within the 10-mile Emergency
~ Planning Zone (EPZ).. ‘A constant evacuation speed of 2.17 miles/h (0.97 m/s) was used
in the base case. ‘The MACCS2 dose mitigation model evaluates inhabitants within the
- EPZ as beginning evacuation at a specified time and moving outward from the PNPS
until they reach a distance of 20 miles. Once the evacuees reach the spemﬁed distance of
- 20 miles, they receive no additional exposure until the emergency phase is over (7 days).
¢ Delayed effective evacuation time (Case 1.a): The first sensitivity case assumed a two-
hour delay before evacuees in the EPZ begin evacuation. This case was run to check the
~ sensitivity of the consequence results to uncertainties in the delay time.

- e Delayed evacunation speed (Case 1.b). The second sen51t1v1ty case maintains the 40-
minute delay time before evacuation begins, but assumes a lower effective evacuation
speed of 0.69 m/s to evaluate consequence sensitivities due to uncertainties in the
evacuation speed. :

In this report, new MACCS2 sensitivity cases were developed that help resolve part or parts of
the PW #3 issues, and they are run using the same set of release conditions as were applied in the
original Appendix E SAMA study. These are run using the revised input data and assumptions.
The results are compared to the base case results and thus used to evaluate whether any new
SAMAs would potentlally be cost beneficial.

' Characteriétics of Pilgrim Population Dose and Off-site Economic Cost Risks

" As introduced earlier, nineteen source term sets or bins, with an appropriate frequency of
occurrence, were analyzed for the Pilgrim SAMA analysis. Each accident bin represents.a
- postulated accident sequence and the source term characteristics governing the release. Included
in this information is the amount and the fission and activation products released, the timing,
duration, height, sensible energy, whether collocated bulldmgs are influencing the release, and
other parameters. Table 1 is a revision to the original SAMA analysis documented in the PNPS
Environmental Report (Table E.1-15) as revised in response to Requests for Additional
Information (LRA, 2006b). Table 1 shows the base case (Case 1) mean population dose and
off-site economic cost results for each of the 19 Collapsed Accident Progression Bins (CAPBs),
and after weighting by their respective frequency, the PDR and OECR results. Table 2 contains
atmospheric release characteristics information for each of the CAPBs evaluated in the SAMA
analysis.
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Table 1 indicates that almost 98% of the PDR and the OECR values are due to contributions -

from CAPB-15, -14, -10, and -11, in descending order of importance. Approximately 94% of the

PDR and the OECR is based on CAPB-15 and CAPB-14 alone. These two CAPBs dominate

because their high respective frequencies are coupled to relatively large consequence results for
both population dose and off-site economic cost. Table 2 indicates that these four CAPBs may

~ be characterized as elevated releases (30 m), several hours in length, and with sensible heat

release rate in the emitted plume of 7 MW.— 8 MW. '

The Case 1 MACCS2 results were broken down into finer spatial and temporal segments to
identify spatial and temporal dependencies, and thereby help identify the key factors controlling
the subsequent PDR and OECR results. Once the trends were understood for the base case, the
major factors controlling the consequence results were recognized. As a prefacing first step,
understanding the base case results was important to ant1c1pat1ng the results of addltlonal
MACCS2 sensitivity analyses to a large degree. :

Table 3 shows the early (seven-day) phase and the late phase of population dose at the mean
level of consequence for each of the nineteen CAPBs. The late phase includes population doses
due to act1v1t1es including decontamination, interdiction, ingestion of contaminated foodstuffs
and water.” The average contribution from the long-term doses to the total population dose is
~approximately 83%.

A similar examination can be made of the spatial dependence of the population dose. Appendix
A shows the population dose contributions at the mean level from ring 1 through ring 15 of the
Pilgrim 50 —mile grid. Most of the population dose is contributed by dose in the following four
rings in decreasing order of population dose importance: 1.) 30 miles — 40 miles; 2.) 20 miles —
30 miles; 3.) 40 miles — 50 miles; and 4.) 10 miles — 20 miles.  The order is based on MACCS2
base case results that show the dose-dominant conditions arise in the simulation with the
intersection of high exposure conditions and high population levels. -

While off-site economic costs are numerically different, the same trend can be shown for early
phase and long-term phase contributions to the total economic costs. Higher doses to population
will drive the interdiction costs, decontamination costs, relocation costs, and finally
condemnation costs, so this similarity is not surprising.

? Food ingestion dose to a population from a postulated release in the MACCS? analysis is based on agricultural
productivity, and the land area that is contaminated. :
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Table 1. Mean Consequence and Risk Values for Base Case Population | Dose and Off—s1te Economlc
lent to Table E.1-15 of LRA (2006b

Cost — (Numerically Equi
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CAPB-1 9.51E-08 -5.77B-01 3.82E+06 5.49E-06 3.63E-01
-CAPB-2 1.27E-08 1.21E+02 7.18E+06 1 1.53E-04 9.08E-02
| CAPB-3 _ 2.39E-09 1.28E+02 = | 7.31E+06 3.06E-05. 1.75E-02
| CAPB-4 3.29E-09 1.50E+04 4.93E+09 4.94E-03 1.62E+01
CAPB-5 2.73E-09 . | 1.92E+04 | 6.15E+09 5.24E-03 -1.68E+01
'CAPB-6 7.95E-09 1.60E+04 - 4.35E+09 1.27E-02 3.46E+01
CAPB-7 7.93E-09 = | 1.78E+04 5.25E+09 | 1.41E-02 4.16E+01
CAPB-8 2.06E-08 - 4.42E+04 1.68E+10 9.10E-02" - 3.46E+02
CAPB-9 9.25E-09 2.54E+04 9.26E+09 12.35E-02 8.56E+01°
CAPB-10 8.53E-08 4.74E+04 1.72E+10 4.05E-01 1.47E+03
CAPB-11 4.35E-08 3.72E+04 { 1.29E+10 | 1.62E-01 5.61E+02
CAPB-12 . 1.70E-06 . | 1.18E+02 4.85E+06- 2.01E-02 . 8.25E+00
CAPB-13 2.30E-09 8.48E+03 8.36E+08 1.95E-03 1.93E+00
CAPB-14 2.26E-06 1.69E+04 4.96E+09 3.82E+00 1.12E+04
CAPB-15 2.12E-06 | 4.65E+04 1.80E+10 1 9.86E+00 3.82E+04
CAPB-16 1.18E-09 [ 1.93E+04 - | 6.28E+09 2.27E-03 7.40E+00 -
CAPB-17 6.91E-09 5.12E+04 1.98E+10 3.54E-02 1.37E+02
CAPB-18 4.61E-10" 2.58E+04 | 8.43E+09 1.19E-03 3.88E+00.
CAPB-19 2.43E-08 - 5.72E+04 2.11E+10 1.39E-01 5.12E+02
- TOTALS 1.46E+01 5.26E+04

* 1 person-Sv = 100 person-rem

** Calculated as follows: :
-.PDR (person-rem/year) = Release mode frequency (per year) X Population Dose (person-Sv) X 100 rem/Sv;
OECR ($/year) = Release mode frequency (per year) X Off-site Economic Cost ($)

Table 2. Release Characteristics of PNPS Releéses for SAMA Cbl]apsed Accident

P Bi
CAPB-1 9.51E-08 2.20E+04 - 9.00E+03 30. 2.61E+05
CAPB-2 1.27E-08 2.20E+04 ~ 9.00E+03 30. 2.50E+05

| CAPB-3 2.39E-09 2.20E+04 9.00E+03 .30. 2.50E+05
CAPB-4 3.29E-09 1.83E+04 - 3.56E+03 30. 1.10E+07
CAPB-5 | 2.73E-09 2.53E+04 7.93E+03 30. 8.34E+06
CAPB-6 7.95E-09 2.56E+04 8.11E+03 30. 8.23E+06
CAPB-7. 7.93E-09 2.61E+04 8.46E+03 30. 8.03E+06
CAPB-8 2.06E-08 2.00E+04 4.59E+03 30. 1.04E+07
CAPB-9 9.25E-09 2.44E+04 8.87E+03 30. 4.18E+06 -
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CAPB-10 8.53E-08 2.60E+04 8.40E+03 ~30. 8.06E+06
CAPB-11. | ~ 4.35E-08 2.60E+04 8.40E+03 _30. 8.06E+06
.CAPB-12 '1.70E-06 4.64E+04 - 9.00E+03 - 30. 7.59E+06
CAPB-13 2.30E-09 - 2.71E+04 9.00E+03 30.. 1.80E+06
_CAPB-14 2.26E-06 4.46E+04 9.00E+03 30. 7.08E+06

| CAPB-15- | 2.12E-06 4.62E+04 9.00E+03 30. 7.60E+06.
CAPB-16 | 1.18E-09 2.12E+04 . 9.00E+03 30. 2.50E+05
CAPB-17. 6.91E-09 . 2.14E+04 9.00E+03 30. 2.50E+05
CAPB-18 4.61E-10 2.12E+04 9.00E+03 30. 2.50E+05
CAPB-19 | 2.43E-08 2.18E+04 9.00E-+03 30. ~ 2.50E+05

‘fqr Case 1CAPBs

ong-Term Population Dose

L

. ey i ) - e S : b
CAPB-1 9.51E-08] - 5.77E-01 9.25E-03 5.68E-01 9.84E-01
CAPB-2 1.27E-08( 1.21E+02|  2.58E+00 1.18E+02 -9.75E-01
CAPB-3 2.39E-09| 1.28E+02 2.91E+00 1.25E+02| . 9.77E-01
CAPB-4 3.29E-09| 1.50E+04]  2.02E+03].  1.30E+04{. 8.67E-01
CAPB-5 2.73E-09| 1.93E+04 2.84E+03 '1.64E+04 8.50E-01] -
CAPB-6 7.95E-09| 1.60E+04 1.71E+03) 1.43E+04| 8.94E-01]
CAPB-7 7.93E-09| 1.78E+04 2.37E+03]  1.54E+04] - 8.65E-01
CAPB-8 - 2.06E-08| - "4.46E+04 1.38E+04| - - 3.04E+04] ~ 6.82E-01
CAPB-9 9.25E-09| 2.55E+04 4.94E+03|  2.05E+04 8.04E-01
CAPB-10 ~ 8.53E-08| 4.76E+04 1.30E+04 3.44E+04 7.23E-01
{caPB-11 4.35E-08| 3.73E+04 1.02E+04 2.70E+04] = 7.24E-01
CAPB-12 ~ 1.70E-06] 1.18E+02 9.14E+00 1.09E+02 9.24E-01
CAPB-13 2.30E-09| 8.48E+03 4.39E+02| . = 8.04E+03|. 9.48E-01
CAPB-14 2.26E-06f 1.69E+04 -1.59E+03 1.53E+04 9.05E-01]
CAPB-15 2.12E-06] 4.69E+04 1.27E+04 3.38E+04} 7.21E-01
CAPB-16 1.18E-09|  1.94E+04 4.02E+03 1.53E+04 7.89E-01
CAPB-17" 6.91E-09| 5.15E+04 1.41E+04 3.71E+04 7.20E-01
CAPB-18 4.61E-10] 2.59E+04 6.56E+03 1.93E+04 7.45E-01
CAPB-19 2.43E-08| 5.78E+04 1.80E+04 3.92E+04 6.78E-01
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Trends from Base Case Resixlts

Characteﬁstics of the original base case provide useful insights to the SAMA analysis studies for
Pilgrim. Before exploring sensitivity calculations to determine the impact of changes to input
data and parameters, several conclusions can be drawn from the original base case:

¢ The population dose includes an early, or emergency phase of the accident (7 days
duration), and a long-term phase (~35 years duration). Most of the population dose, on
the order of 83%, is due to the long-term phase after the accident. The dose pathways
included over this period are: groundshine, inhalation of resuspended radionuclides,
ingestion of contaminated food and ingestion of contaminated water. Groundshine tends
to dominate followed by food and water ingestion as lesser contributors. This implies
that emergency actions, such as evacuation and sheltering or timing of these and other

- dose mitigation strategies will have only small impacts to the overall population dose.

o The CAPBs that dominate risk are CAPB-15 and CAPB-14. This is mostly due to the
high frequency and large release associated with these two bins.

o Off-site economic costs include population-dependent habitability, and agricultural

" activity-dependent production costs. Farming costs are found to be virtually negligible in
these analyses. Of the costs for late phase higher source term bins, population
interdiction, decontamination, and condemnation costs are typically the largest in
descending order of importance. Costs for the emergency phase CAPBs are driven by

- emergency phase actions and by interdiction activities.:

o Similar to the populatlon dose risk, CAPB-15 and CAPB-14 are dominant bins for the
off-site economic cost risk, which again follow from high frequency and large release
associated with these two bins.

e For population dose and off-site economic costs, the majors factors are the size of the
‘source term (i.e., amount of radioactivity released), the parameters controlling the long-
term phase after the accident, and the population levels impacted in the 20 mile to 50
miles spatial region. Early or emergency phase effects and effects to the close-in
population (within 20 miles of the PNPS) can be changed by assumptions and parameter
values in the early phase but their contribution to the overall PDR and OECR is likely to
be small.

For most of the sensitivity runs that are described in the next three sections, most of the results
can be anticipated based on the insights gained from the original base case result characteristics.

The remainder of this report discusses the three contention areas; or challenges as follows:
e Meteorological model and application to the Pilgrim regional environment
o EBvacuation modeling and other aspects. of the consequence mitigation model
e Ecouo"nc model.

11
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The commentary and analysis provided herein also includes the results of new MACCS2
sensitivity analysis cases. The specific cases shall be discussed at the end of the appropriate
section for the sensitivity case study was performed. Section 4 will summarize the results and
compare the overall PDR and OECR to the base case values. Section 5 will integrate the
sensitivity analysis into the SAMA analysis framework and evaluate whether any new SAMAS
are identified. Section 6 will provide conclus1ons

12
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1. Meteorological Model

This section descnbes the meteorological input data and modeling approaches used in the
MACCS2 code for the PNPS SAMA analysis.

a. M_eteorologlcal Model Overvnew

The first challenge is primarily a claim that the Gaussian model underpinning MACCS2 is

_inappropriate to the Pilgrim plant physical environment, and that the meteorological model

_ cannot adequately treat dispersion and the subsequent consequences of postulated severe
accidents. Asintroduced earlier in this report, the computer code MACCS?2 is used to model off-
site consequences of postulated severe accidents for PNPS.. The MACCS2 meteorological model .
is a Gaussian plume model, with each postulated release occurring over a single time interval, or

- plume segment. Each plume segment in the release travels in the direction that the wind is -
blowing at the time that the plume leaves the facility. Several hundred weather trials are run and
the results for a particular tr1a1 weighted by the probability of the specific weather trial’ s
occurrence. : S :

‘b. PW#3 Meteo’rological Model Challenge by Subpart

(1 ) Model does not take into account changes in wind speed or dtrectwn, either in time or
space. '
For a given plume, the MACCS2 model assumes that wind speed wmd direction, stability-

'~ category, precipitation rates, persist, or are spatially invariant. Specifically, MACCS2 uses a
single-point source for weather data and approximates weather data as spatially uniform.

While MACCS2 does not model spatial variation in weather conditions, it does model time
dependence by simulating the same plume release under different weather conditions based on
hourly changes reflected in the site meteorological data file. Each plume that is “emitted” in the
atmospheric release simulation is modeled with the meteorological data read for the date and the
hour randomly selected by the code. A statistically significant number of plume release
“simulations are performed by MACCS2 with weather conditions randomly chosen from the site
~ meteorological file. Data read from the file include wind speed, stability class, and precipitation
rate can change on an hour-by-hour basis. Thus the MACCS?2 code, as used for the Pilgrim
SAMA analyses, does take into account changes in wind speed and direction as a funct1on of
time for each sampled Weather condition, but not as a function of space.

Nuclear safety SAMA regional analyses require running well over a hundred different‘weather

~ trials to obtain robust statistical results (NEIL 2006). The MACCS2 code is a flat-earth Gaussian

plume models that can meet the computational demands of calculating many kinds of -
consequence results, with the appropriate level of statistical sampling.” In contrast, computer
codes that can accommodate multiple-station data so as to be able to model spatial variation of
wind speed and direction (e.g., mesoscale Lagrangian puff models) and thus provide regional

- consequences would be impractical for analyzing the large number of weather sequences needed

13
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for SAMA analyses. The computer code for SAMA analysis must analyze several hundred
weather records at minimum to calculate statistically meaningful results, and thereby provide
plant insights with respect to many dlfferent site-specific weather sequences, rather than time-
intensive modeling of only a few sequences. Use of other codes for this purpose is not practical

- given statistical requ1rements and the amount of input data necessary to fully account for off-31te
- exposure and economic costs. :

Mean levels of consequence are required in SAMA analysis to provide an adequate basis for
cost-benefit decision-making on potential plant modifications (NEI, 2006). Decisions made on
95th quantile (exceeded only 5% of the time).or worst-case results could potentially lead to high
cost, time intensive plant modifications without commensurate improvements to plant safety.

The Gaussian model is the basis for major regulatory guidance of the U.S. Nuclear Regulatory
Commission for reactor licensing and safety applications (NUS, 1981; NRC, 1983; NRC, 2003),
and the Department of Energy for nuclear facility consequence analysis (DOE, 2006). While
~many experimental data — computer code comparisons have been performed, very often a single-
site weather data capability such as that used in MACCS2 can demonstrate good agreement in
recent analytical comparisons with more complex models [Molenkamp et al., 2004] to a range of
100 miles. The MACCS2 code has been widely used within the 50-mile (80-km) basis distance -
~of nuclear facilities, e.g., for many Environmental Impact Statement and Ingestion Planning
Zone (IPZ) applications, including SAMA studies. The code is referenced extensively in the
NRC-approved industry guidance for SAMA analysis (NEI, 2006).

The choice of a particular computer model for consequence analysis often presents a decision to
the analyst in terms required resources and data uncertainty, and appropriate level of information
that is required. In other words, a sophisticated model, in principle, can provide a more accurate
answer, but the data input requirements are usually high, and these may not always be known
with certainty. An example of this choice is illustrated in Figure 2, which compares the
predictions of various models to actual plume behavior. Figure 2 shows the results from a test
conducted in 1981 at the Idaho National Laboratory [Lewellen, 1985], in which a non-
radioactive tracer (SF¢) was released and the resulting air concentrations were measured and
compared with the predictions of three different atmospheric transport models. The plots in
Figure 2 depict the air concentration patterns (the plots display concentration contours, or
isopleths of air concentrations on the site grid), as well as the estimated maximum dose
(assuming radioactive material was released) for (a) a simple straight-line Gaussian plume
model, (b) a Gaussian-puff trajectory model with wind-shift, (c) a more sophisticated wind
field/terrain sensitive model, Atmospheric Release Advisory Capability (ARAC), developed at
Lawrence Livermore National Laboratory, and (d) actual measured air concentrations.

In the case of the Gaussian plume model (a) such as the MACCS2 code, it is terrain-insensitive
and cannot follow changes in wind direction once a plume has been released. In this

comparison, the Gaussian puff model (b) is also terrain insensitive but models a plume in ,
individual puffs and so can more accurately truncate a specified, time-varying release than can a
plume model. The wind field and terrain sensitive ARAC model (c) is most accurate portrayal of
the actial release conditions in terms of both the spatial and temporal variations.

14
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Figure 2. Comparison of Gaussian Plume Model to Other Models and Actual Test Data.
: lustration of: (a) Gaussian plume model (b) Gaussian puff modet and (c) LLNL ARAC wind
field/terrain sensitive model. Measured isopleths are shown in (d) (Gregory and Harper, 1999;
or1g1nally Lewellen, 1985).

This 'comparison is not precise, but shows the conservative nature of the Gaussian model for the
' SFg release field test, in the prediction of concentration isopleths (Gaussian plume model) and in
“the maximuin dose predicted (Gaussiaf puff model). Tlie'Gaussian model is significantly more

conservative than (1) the actual maximum dose and isopleths as measured by field equipment,

and (2) the maximum dose isopleths predicted by the more complex wind field/terrain sensmve
code.

MACCSZ Sen51t1V1ty Case 2: ‘ : '

The MACCS2 code was rerun to show the effect of using different weather sampled from the
Pilgrim meteorological data set than that used in the base case. Most of thé release categories
listed in Table 2 (from the Pilgrim SAMA analysis) last longer than an hour. A sensitivity
analysis was run to estimate the effects of-a changing wind direction trajectory in the MACCS2
consequence analysis by choosing different meteorologwal input data for release categories that
last longer than an hour. (The multiple-hour release cases can be identified from Table 2 which
lists characteristics of the set of nineteen CAPBs.) The sensitivity caseused the weather
conditions at the beginning of the plume release rather than at a point an hour or more later into
the release as was done in the base case. Because MACCS2 “reads” different weather on an
hourly basis, the sensitivity run modifies the weather sequence relative to the base case. Also, _
~ the sensitivity is conservative because the plume’s radioactivity is released eatlier in time than is -
the case from base case (set from the plant PRA), and is therefore a larger quantlty in that less
decay has taken place
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- Appendix B shows the results by CAPB source term, and summed over the nineteen CAPBs.
This set of sensitivity cases shows a negligible 3% increase in both the mean PDR and OECR -
values for this sensitivity relative to the base case. Thus, this change to the sampled weather
used in the MACCS2 runs produced no significant impact to the results caused by the time
variation in wind or other meteorological conditions. :

(2) Model does not take into account terrain effects. -

- This issue is one on the ability of the MACCS2 model to account for variations in terrain .

. between the point of release and downwind populations. The discussion that follows indicates -
that the code génerally is in good agreement with more complex models especially over the
relatively flat terrain within the 50-mile region of the Pilgrim Station. Furthermore, the ,
MACCS?2 input parameters used for the PNPS SAMA analys1s were conserva‘avely chosen SO as
to produce conservative results in the analySIS

The terrain surroundmg the Pilgrim site is characterized by elevation changes of up to 400 feet,
_that take place within roughly two kilometers (1.2 miles) of the Pilgrim Plant (PNPS, 1992 and
internet topographical maps). While these changes in elevation could certainly influence the path
of a single plume, the kinds of calculations being done by the MACCS?2 code are for several
hundreds of projected plumes (depending on user selected options for executing the code).

Molenkamp et al. (2004) compared several codes for recorded data in a terrain changing location
in the Midwest. This study compared MACCS2 to a fully three-dimensional (3-D) code (which
possesses the ability to take into account terrain changes and spatial variability of weather), at a
" series of one-mile wide arcs at various distances downwind over a distance of 100 miles. The
results showed reasonably good agreement obtained with MACCS2 compared to the three-
dimensional (LODI) model with the MACCS2 code varying by 40% hlgher to about 20% lower
as a function of distance as shown in Table 4.

For a study of a 50-mile grid region as used in the Pilgrim SAMA analysis, the three distances at
50 miles or less are of particular interest. An assessment of the Table 4 results indicates
MACCS?2 agreement is within 10% of the 3-D model if the three sets of results are averaged, or
9% above and 2% below for exposure-dependent and ground dep031t1on-dependent results,
respectlvely

Table 4. Results Comparing MACCS?2 to a 3-Dimensional Code (based on (Molenkamp et

al., 2004)

Model 10 miles ~ 20 miles 50 miles 100 miles

MACCS2 5.18E+07/1.41 | 1.40E+07/1.05 | 2.49E+06/0.81 | 7.86E+05/0.89 -

3-D model/ (LODI) 3.68E+07/1.00 1.34+07/1.00 3.07E+06/1.00 | 8.86E+06/1.00

Model - 10 miles 20 miles 50 miles 100 miles

MACCS2 5.57E+05/1.21 1.53E+05/0.96 | 2.87E+04/0.78 8.96E+03/0.89

3-D model/(LODI) | 4.62E+05/1.00 | 1.60+05/1.00 | 3.67E+04/1.00 1.08E+04/1.00
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Hence, it is concluded that MACCS2 will produce results that are in reasonably good agreement -
with more sophisticated, data intensive code that can follow terrain features as well as time-
‘varying weather patterns. Furthermore, the MACCS2 code was apphed to the Pilgrim SAMA

- analysis in a conservative manner so as to produce overall conservative results in the analysis;

An illustration of the conservative input selection is the surface roughness length, Z. As applied

in the SAMA analysis, the 50-mile regional average surface roughness length was set at 10 cm. '

- The surface roughness length is a measure of the amount. of mechanical mixing introduced by the
- surface roughness elements over a region of transport (Hanna and Britter, 2002). Roughness
elements in¢lude, but are not limited to, human-built structures, trees and other vegetation, and

- other surface features. Asa geheral rule, z, is approximately 0.1 times the average height of

roughness elements located on the transport region of interest, between the point of release and -
the downwind population. In the MACCS2 code, smaller values of the surface roughness length -
will decrease vertical. d1sper51on or 6,. The vertical dispersion i is a measure of the spread of a
“plume in the vertical direction (Flgure .. :

e

Figure 3. Gaussian plume growth in horizontal (y) and vertical directions (z)
(from Turner (1970))
Because the dilution factor® (x/Q) is inversely proportlonal to vertical dispersion of the plume ,
larger surface roughness length values will decrease the dilution factor and subsequently, lead to
smaller calculated doses. The Pilgrim SAMA calculations use a 10-cm surface roughness length,
characteristic of tall grasses. Larger values of the surface roughness length (~100 ¢cm) could be
 justified for the 50-mile region around Pilgrim, especially in areas 20 to 40 miles downwind,

3 /Q is a normalized air concentration, with units of s/m”.
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characterized by forested regions, and the suburban/urban features of the populated areas. Table
5 shows the surface roughness length (z,) for various surfaces, the increase in vertical d1spers1on :
if the new value was applied relative to the z, value used in the Pilgrim SAMA analysis, and an
estimate of the dose decrease because y/Q, and therefore the dose, scale inversely proportional to

) _Gz.

,Table 5. Representatlve Surface Roughness Lengths based on Surface Type (Based on
9

Lawns _ : 1 - -
Tall grass, crops 10-15 B - 1.00-1.08 0% - 8% .
Countryside - 30 1.25 : 20%
Suburbs ' - - 100 ' ~1.58 o ' .37%
Forests 20—-200 - © 1.15-1.82 13% - 45%
Urban 100 - 300 ' 1.58 - 1.97 37% - 49%

* Surface roughness length correction [(z(cm)/z(=10 cm)]™*

In summary, while the MACCS2 plume model can be shown to be in good agreement with more

: sophisticated models that address variable terrain and topography effects, it was applied in the
~ Pilgrim SAMA analysis with conservative choices of input parameter values. One example of
this is the surface roughness length. This feature has been modeled conservatively in the Pilgrim .
study with a 10-cm value when a reasonable argument could be made to apply a value on the
order-of 100 cm, with a resulting reduction in the PDR consequence.

MACCS2 Sen51t1v1tv Case 3:
A MACCS? sensitivity case has been run with a reduced plume release height (30 m in the
original SAMA analysis to 0 m in this analysis). This set of results approximates terrain changes
relative to the source of release and dose receptors downwind. In effect, the sensitivity case
approx1mates a terrain change by releasing at ground level, and shows the effects of a modified
source-to-receptor height difference to consequences 1ntegrated over a fifty-mile radius.

It was noted ab_ove that any changes to the early phase and exposure effects to the population
within about 20 miles of the point of release will have little impact to the overall SAMA PDR
and OECR results. The sensitivity case 3 supports this characteristic. The change as shown in
the summary table in Appendix C indicates a negligible increase with a ground-level (0 m)
release for both population dose (1%) and off-s1te economic cost (4%) l‘lSkS as compared to the
base case release height of 30 m: '

(c) Model cannot be used to estimate dispersion less than 100 meters
The Pilgrim SAMA analysis followed NRC'-approved guidance in calculating on-site exposure_

and economic costs, and so did not use the MACCS2 code to estimate dispersion in the near-
field (< several hundred meters of the release point) (NEL, 2006). Therefore, limitations of the
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MACCS2 Gaussian model in this range have no bearing on the SAMA studies. In addition, on-
site property damage and exposure costs are accounted for separately, using an NRC-approved
methodology.*

In addition, the near-field region is encompassed by the Exclusion Area Boundary (EAB),

therefore controlled by the Pilgrim plant, and has no permanent residents that potentially could

incur radiological-exposure.. Inthese analyses, the MACCS2 code is applied from the EAB out ,;
to a fifty-mile radius, as is recommended in guidelines for SAMA analysis (NEI, 2006).

. (d) Sea br_eéze_ would have an important impact on dose exposure.

The central concepts of the response to this issue are that (1) while sea breeze effects can be
important to dispersion conditions at coastal sites, such as Pilgrim, the effects are most often
localized within 5 to 10 miles, of the coast, and (2) the sea breeze phenomenon is not a
concentrating one (increasing the plume concentration) but a dispersive one (diluting the plume
concentration and thereby lowering projected doses). Thus, the sea breeze phenomenon

, generally has the beneficial effect of decreasing doses rather than increasing them. '

Contention 3 cites a report by Spengler and Keeler (1988) to correctly assert that sea breeze
effects can be important to dose exposure. However, the authors indicate that depending on
topography, intensity of heating by the sun (solar heating), and pressure gradients, sea breeze
effects can penetrate from 1 to 15 km (9.3 miles). Thus, the extent of the sea breeze influence
would generally be less than the 10-mile EPZ, and not a factor towards the heavily populated
areas in the Pilgrim 50-mile region that impacts population dose and off-site economic costs.
Secondly, the Spengler and Keeler study itself notes that “among the meteorological variables
that determine exposure are wind direction, wind speed and turbulence or stability conditions,”
and that the greater the distance away from the source, the longer the time over which turbulence
can act on the plume to disperse the concentration. Thus, even in weather conditions where sea
breeze effects persist to 30 to 40 miles from the Pilgrim Plant, the populations in these areas
would exper’ience substantially less radiological exposure than without the sea breeze effects.

An additional phenomenon, fumigation, is sometlmes observed that can interact with sea breeze
conditions to influence local plume concentrations. Fumigation is a dispersion process that can
lead to relatively high ground-level concentrations and can occur when an elevated plume
traveling in a stable (or neutral) sea breeze onshore flow is restricted vertically by an inversion
(Hanna, 1982). The plume becomes “caught” or is entrained and undergoes rapid vertical
mixing due to convective motions generated within the layer of air close to the surface, typically
described as the mixing zone or the internal boundary layer. While fumigation effects can occur
with concurrent sea breeze condition, Spengler and Keeler (1988) note that this is likely to occur
within five miles of the Pilgrim Plant. As the plume travels inland, addition dispersion would
become important due to convective mixing of the air within the mixing zone.

* Refer to (NRC, 2006), Proposed License Renewal Interim Staff Guidance LR-ISG-2006-03: Staff Guidance for
Preparing Severe Accident Mitigation Alternatives (SAMA) Analyses, (August 10, 2006).
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The Pilgri'm UFSAR points out that the sea breeze question was investi gated ﬁsing a special
smoke release field study in the summer of 1969. The results are summanzed on page 2.3-6 of
the UFSAR:

1. Greatest frequency was wind from north through east.
Only 0.1 to 1 percent of the time did ground locations experience fumlgatlon from
the site Exclusion Area Boundary (EAB) to 500 m beyond site boundary.
3. Maximum frequency of fumigation ranged from 600 to 1000 m from the stack.

In terms of application with respect to plume behavior away from the Pilgrim plant, the mixing
to the surface took place quite quickly and thus the plume was uniformly mixed as it traveled and
~ dispersed laterally toward the higher population areas: Thus, sea bréeze - fumigation conditions.
are-only likely to affect populations that are relatively close to the plant (within about a mile),
and are relatively infrequent, and would not be able to extend to the 30 to 40 mile distance to
affect the major population centers of Boston and Providence. In contrast, as previously
discussed, the off-site consequences modeled by MACCS2 for the SAMA analysis are affected
most by the population dose especially in the 20-mile to 50-mile region. Thus the close-in - . '
effects within five to ten miles of the point of release will have little bearing on the SAMA PDR
and OECR results. . -

. The Spengler and Keeler (1988) study recommended a better network of sampling sites for
weather data collection near the Pilgrim Plant. Greater accuracy through close-in meteorological
monitoring would be the result. Nevertheless, such a network would not have any bearing on the -
exposure conditions to the far- field populatlon the key factor that is important in the Pilgrim
SAMA analys1s .

The contention also mentions sea breeze'is variable along various coastal locations. However,
local sea breeze variations will be insignificant factors to population dose at tens of miles away
and will have negligible impact in the calculation of regional population doses. In addition, sea
- breeze conditions should be properly weighted by frequency of occurrence based on site
conditions, time of day, effective release elevation, and other factors. The MACCS2 Gaussian
plume model has been applied in many safety analysis studies where the plant site, or the point
of the hypothetical release, was very similar to Pilgrim’s coastal environment, and thus subject to -
sea breeze phenomena. A partial list of SAMA analyses applied to coastal zone plants using
MACCS2 includes Oyster Creek, Brunswick SEP, Point Beach, and Surry, as well as coastal
plants overseas. Using MACCS?2 in a probabilistic sampling mode and applying site-specific

- meteorology will ensure that representative weather sequences are accounted for and weighted
by their likelihood, including sea breeze effects, and those combinations of wind conditions that
lead to consequences to sensitive econom1c zones in the fifty-mile region.’

Furthermore,_as noted, sea breeze effects are generally highly beneficial and are commonly -
observed to reduce air pollution and thereby improve air quality. Among the factors that
improve air quality (by lowering airborne concentrations of pollutants) and help mitigate the
effects of potential atmospheric releases are those that increase dilution at the source, such as
increased volume of air moving over the release point, and those that help mix and spread the
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plume as it moves downwind. The concentration of pollutants emitted by the source is inversely
related to the wind speed, i.e., the greater the wind speed, the lower the concentration and vice
versa. The sea breeze is extremely important in this regard since it provides both enhanced - -
dilution and mixing at the release location on the coast. The sea breeze also aids dispersion well

- away from a release location with increased dilution due to enhanced turbulence within a

windborne plume. Enhanced turbulence generates additional eddy currents in a moving stteam
~ of air. These eddy-currents entrain or capture clean air from areas outside a contaminated plume
and mix this clean air with plume air resulting in lower pollutant concentration.

Normally, the sea breeze is expected to develop during the mid-day hours on clear days during
the spring through summer seasons as the land surfaces warm up- and the temp'erature'of coastal

. waters becomes cooler than the adjoining land surfaces. The strength of the sea breeze is directly
" related to the land-sea temperature difference (Simpson, 1994). If the sea breeze encounters an
opposing wind due to an opposing pressure gradient, it might not be able to overcome the
opposing force unless the land-sea temperature difference exceeds a certain value based on the
_location being examined (Simpson, 1994). Increased stack/source dilution from sea breezes is
due to higher than normal wind speeds over that which would be expected in the absence of the '
land-sea temperature dlfference ' »

. While sea breezes are sometimes reco gnized to be able to penetrate long distances 1n1and it
should be recognized that this also means that these conditions of increased turbulence will also
accompany the sea breeze conditions. Simpson (1994) shows évidence of sea breeze penetrations
up to 300 km inland over a period of about 15 hrs in Australia. Although not all coastal locations
will experience such a large inland penetratlon Simpson (1994) noted penetrations on the south
coast of England up to 100 km inland from 10 to approximately 80 days per year depending on
location. Buckley and Kurzeja (1997a, b) found evidence that a sea breeze front penetrated over
100km over a period of a few hours from the South Carolina coast. These same authors also
~found evidence thatincreased turbulence remained well into the night for a distance of 100 km
inland after the sea breeze front had moved through the area. This increased turbulence was in-
excess of that predicted by a sophisticated, three-dimensional transport and dispersion model.

Meteorological data collected on towers at the Pilgrim site do reflect the occurrence of sea
breeze conditions in both the wind speed and direction. As stated above, whenever sea breeze
conditions prevail, the increased dilution of effluent plumes due to the increased wind speed
would produce a beneficial effect from the standpoint of dose to downwind exposed individuals.
The other beneficial effect as noted in both sea breeze model simulations and measurements by
Buckley and Kurzeja (1997a, 1997b) is increased turbulence. This enhanced turbulence further
increases the dilution of plume material as it moves downwind over what would be expected in-
otherwise steady wind conditions. This enhanced turbulence is reflected in the measurements of
wind direction fluctuations made at the P1lgrim meteorological tower.

The Pilgrim site has an additional advantage from the point of view of enhanced dispersion and

 accident mitigation. This is due to the coastal location and the southeast-northwest orientation of
the shoreline at the Pilgrim site. This particular combination results in a wind direction
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distribution with more frequent offshore than onshore winds (e g., Figure 2.31 of the PNPS-
FSAR, 1992).

(e) Coastal topography also plays an important part in dose exposure

There are no significant topography differences relative to the Pilgrim region in contrast to other
coastal nuclear power plant sites that suggests it cannot be analyzed with MACCS2. Moreover, .,
as discussed above, (1) topography and terrain features are conservatively accounted for in the

- Gaussian model; (2) the effect that topography may have on a specific plume is not critical in

- risk type studies where mean consequence or risk output is the end product;-and (3) sensitivity -
case 3 demonstrates that topography and terrain effects have negligible effects on both
population dose and off-site economic cost risks of the SAMA analysis.

1)) Data from only two sources for a single year were uS‘ed.

From reviewing a number of similar SAMA analyses, a s1ngle representative year of data is
typically used in a SAMA analysis. Two sources of meteorological data for the same year were -
used in the PNPS SAMA analysis, the Pilgrim site upper tower and the nearby airport. The 2001
year selected is representative of weather patterns near the plant, and leads to the correct
conclusions regarding SAMA identification (Mogolesko, 2007). The SAMA approach taken by
Entergy is consistent with SAMA analysis industry guidelines (NEI, 2006) that have been
-reviewed and recommended by the NRC.’

(g) Proper analysis requtres multtple years of data from multiple sources in order to take mto
account the specific characteristics of the Plymouth area. For example, under sea breeze
conditions, turbulence structure of the atmosphere will not be accurately determined by
meteorologtcal sensors at the Pilgrim plant

Instrumentation used for the upper and lower towers at the Pilgrim site are properly positioned to
account for turbulence structure of the atmosphere. Meteorological instrumentation close to, or
at the point of release is the most critical placement for identifying the atmospheric turbulence
conditions governing initial plume travel. Given the coastal siting for PNPS any sea breeze
influence at the point of release will be very influential towards decreasing concentrations in the
plume.

Standard practice for MACCS2 SAMA analysis is to apply Tadmor and Gur dispersion
parametenzatlon to account for atmospheric turbulence (Dobbins, 1979; SNL, 1990). This, in
fact, is the set of dlspersmn parameters used for the Pilgrim SAMA studies. Coupled with use of
archived, representative meteorological data collected at the Pilgrim site, it is concluded that
statistically-accurate results were obtained for consequences in the far field for hypothetical
releases from the Pilgrim plant.

3 Refer to (NRC, 2006), Proposed License Renewal Interim Staff Guidance LR-1SG-2006-03: Staff Guidance for
Preparing Severe Accident Mitigation Alternatives (SAMA) Analyses, (August 10, 2006).
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'(h) Accurate analysis would requtre installation of continuous rewrdmg meteorologtcal
instruments along the coast and at additional inland sztes

The issue ralsed by th1s clalm relates to the ability to track a pec1ﬁ ¢ plume to support mitigative
actions in the EPZ and has no bearing for SAMA analyses where the focus is determining mean
consequence levels to support cost-benefit decision-making on potential plant modifications.
Furthermore, it is impractical to employ multiple weather station data for SAMA cost-benefit
analyses as previously discussed, where hundreds of weather trials are needed to provide

- statlstlcally Vahd consequence results.
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2. Evacuation Time Estimates and Other Aspects of the Emergency Response Model

This section describes evacuation consequence mitigation assumptions, input data and modehng
approaches used in the MACCS2 code for the PNPS SAMA analysis. It also addresses the
emergency response issues ralsed as part of PW#3

‘a. Evacuation Time Estimates and Emergency Response Model Overview

" The second challenge questions timing, participation, and effective speed of the evacuating

population from the EPZ used in the emergency phase countermeasure model in the MACCS2

analysis. The MACCS?2 base case applied in the SAMA analysis is a simple radial evacuation

“ model. In this approach, the ten-mile EPZ population is modeled to move radially outward at a
constant collective speed, after-a specified delay time following accident conditions. Different
shielding factors and breathing rates can be used while evacuatmg, performing normal act1v1tles '
and sheltering. :

The MACCS?2 plume transport model assigns the plume a finite length calculated by using the
assumed release duration and wind speed during the release. The length of the radioactive cloud
is assumed to remain constant following the release and the concentration of radioactive material
is assumed to be uniform over the length of the cloud. The radial position of evacuating persons,

" while stationary, and while in transit, is compared with the positions of the front and back of the
plume as a function of time to determine the period of exposure to airborne radionuclides.

The base case model assumes that all EPZ residents evacuate without exception. Once the
evacuees reach a 20-mile radius, and are assumed to be sheltered, they are no longer exposed
during the emergency phase to a radiological environment. Residents in the area from 10-mile to
50-mile region receive radiological exposure if they are within the plume passage region. Both
groups incur dose during the 30-year long-term phase following the accident.

The ori ginal sensitivity cases explored changes in the delay time and the evacuation speed:

¢ Delay time to evacuate: The base case (case 1) for beginning evacuation, or the elapsed
time between siren alert and the beginning of evacuation is forty (40) minutes. A
sensitivity case was run (case 1.a). The sensitivity case assumed a 2-hour delay for
evacuees to begin evacuation in order to quantify the consequence sensitivities due to
delay time uncertainty.

°. Evacuat1on speed: The evacuation speed for the population in a MACCS2 simulation is
usually specified at a very low speed to compensate for road conditions, traffic
congestion, etc. Using EPZ evacuation time estimates developed for PNPS, an average’
speed of 2.17 miles/hour, or 0.97 m/s was determined and used for the base case analysis
(PNPS, 2006). A sensitivity case (case-1.b) was run in the original SAMA analysis to-
evaluate consequence uncertainties due to evacuation speed uncertainty in which the

- average speed of evacuation was set at the worst case evacuation speed for the PNPS

EPZ of 1.54 miles per hour, or 0.69 m/s. ‘
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b. PW#3 Evacuation Model Challenge by Subpart

(@) MACCS2 model improperly assumes that the populatwn is out of danger upon crossing the
10-mile boundary

The MACCS2 modeling assumptions used to model emergency response evacuation are based

" on the Pilgrim evacuation time estimate analysis. The details of the basis for the evacuation time
estimates including supporting assumptions regarding population, alarm criteria, delay times,
speed, distance; areas and routes are provided in PNPS (1998) and updated in PNPS (2004).

Dunng the emergency phase populatlons incur dose from inhalation (both plume passage and
“inhalation of resuspended activity), groundshine, and cloudshine. In the long-term phase,
exposure is calculated for 30 years, based on EPA Superfund guidance (EPA, 1991). In the
current base and sensitivity MACCS?2 cases, once the evacuating population from the EPZ has
“moved beyond the 20-mile.distance, it is assumed that they no longer incur radiological exposure
for the remainder of the 7-day emergency phase. This is a standard assumption made in
MACCS?2 applications based on emergency planning to evacuate away from the plume direction
and resulting radiolo g1cal footprmt The evacuees may receive future dose during the long-term
phase if their point of origin in the EPZ is habitable. Also, residents in the 10-mile to 50-mile
region receive radiological exposure during the emergency phase if they are within the plume
passage region and during the long term phase MACCS2 will calculate a population dose from
cloudshine, groundshine, and inhalation of material dlrectly from the plume as well as
resuspended material.

MACCS2 Sen51t1v1tv Case 4: : :

- The base case assumed that EPZ evacuees were removed from further exposure during the
emergency phase of analysis once they reached 20 miles. A MACCS?2 sensitivity case was run
to conservatively treat this movement by modeling evacuees as moving to a 40-mile radius
before assuming they’ve reached the evacuation centers. Because the actual evacuation centers

~are located at 35 miles away, the Pilgrim MACCS2 sensitivity model is conservative in that '
evacuees are traveling a greater distance than would be expected in an actual evacuation
procedure ,

The summary for this case is shown in Appendix D. There is some variability among the CAPB
mean values, but the differences in total plant risks are less than one percent for the PDR and
OECR relative to the base case. As stated earlier in this report, the dose mitigation strategies for
the EPZ during the emergency phase have little impact on the overall dose results since these are
dominated by effects in the 20-mile to 50-mile regions and late-phase portions of the _
consequence modeling. A short-term modeling assumption such as increasing the travel distance
for evacuees, does not produce any noticeable increase to population dose and subsequently, to
plant risk indices such as the PDR and OECR. ‘

(b) ]l_MCCSZ model does not consider those who cannot evacuate and must shelter.
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Pilgrim’s SAMA analyses assumed that persons who could not evacuate on their own would be
provided assistance to evacuate. Current emergency planning by the State of Massachusetts
provides for such assistance. Also, sensitivity analyses discussed below will assess how large
the impact is to population dose if everyone is not able to evacuate as assumed in the analysis.

MACCS? Sensitivity Case 5: : -

- A Case 5 is defined that assumes sheltering within the EPZ without evacuation, but will be
bounded by the next sensitivity case (Case 6), which assumes no evacuation or emergency
’ shelterl_ng action at all by anyone w1th1n the EPZ.

(c) The SAMA analys1s dtd not use the most recent evacuatton time estzmates

The emergency response team at Pilgrim verified that the SAMA analys1s d1d use the most
recent evacuation time estimates at the time the SAMA analysis was performed, and pointed out
that the evacuation delay times for both the 1998 and 2004 ETEs are identical. Also, the
" evacuation speeds for the 1998 ETEs, on which the SAMA analyses are based, are virtually -
identical to the evacuation speeds of the 2004 ETE (KLD, 1998; KLD, 2004).

MACCS2 Sensitivity Case 6:

A no-evacuation case has been run whereby the evacuation model is turned off altogether. -
Everyone within the EPZ is assumed to carry on with their normal activities. The results under
these assumptions are shown in Appendlx E. The results indicate an increase in populatxon dose -
nsk of about 6%, and no change in economic cost nsk

Thus, the issue on use of the most approprlate ETEs is viewed as relatively unimportant to the
. overall population dose incurred to the inhabitants in the 50 mile zone because: (1).the dominant
portion of the population dose arises to the population not affected by the specific evacuation .
model used, and (2) emergency phase dose mitigation plans, such as evacuation, do not impact
the dose impacts from the long-term phase of exposure. As was calculated previously, on
average for the nineteen CAPBs analyzed the latter is 83% of the overall dose incurred by the
50 mile populatlon

Normal activity assumes that some of the activity is indoors and therefore provides better
shielding compared to the probable exposure of evacuees who are not protected as they move
outdoors. Table 6 compares the shielding or protection factors used in the Pilgrim model for
evacuating, normal, and sheltering persons. A protection factor decreases the dose from the
Table 6. Protection Factor Input Valies Used in the MACCS2 Code for Pilgrim SAMA

Protection Factor Evacuating Normal Activity Sheltering
Cloudshine - 1.00 - 0.75 0.60
Inhalation 1 1.00 0.41 1033
Skin Protection 1.00 0.41 0.33
Groundshine 0.50 - 0.40 0.20
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pathway in question, e.g., cloudshine protection factor of 0.75 means that 25% less dose is

incurred. All values shown in the table are technically defensible default values used in the

NUREG-1150 PSA study of commercial U.S. plants, or have been specified by NRC staff. A

‘comparison of the shielding factors shows that that a-no- -evacuation sensitivity case (Case 6)
would bound the sensitivity Case 5 which assumes sheltermg iri the EPZ.

(d) Many of the assumptions and estimates of the evacuation time estimates used in the
Pilgrim SAMA analysis are faulty. :

' Appropriate assumptions were used for voluntary evacuations in the EPZ for postulated accident
conditions in the SAMA MACCS2 analysis. Many of these are covered in the applicable PNPS
- reports. Page 40 of the PW Petition claims that “voluntary evacuation from within the EPZ was

estimated to be 50% within a 2-5 mile ring around the reactor, excluding the “key-hole;” and
25% in the annular ring between the 5-mile boundary of the circle and the 10-mile EPZ
boundary”. This is erroneous, since the SAMA analyses was not based on voluntary evacuation, -
- but assumed that the entire 10 mile EPZ would be evacuated in accordance with the Emergency
Plans providing for such evacuatlon in approprlate circumstances. : ‘

There are many conservative assumptions and modeling choices already included in the

~ estimates developed for emergency response as applied to the MACCS2 runs. Some of the
~ primary ones include, but are not limited to, the values applied for evacuation speed and delay
time. However, it is inappropriate for SAMA analysis to assume a “worst case scenario.” The
basic approach recommended in the SAMA NEI (2006) guidance and applied to the Pilgrim
studies is to use the Individual Plant Examination and Level 3 PRA information where it is
available and focus on the mean or average values. This is the standard approach for the
performance of SAMA analyses for National Environmental Policy Act NEPA) purposes. In
summary, the SAMA prescnptwe guidance for analysis of severe a001dents does not requlre
using worst case scenario assumptlons

(e) The evacuation delay time estimates of 40 minutes and 2 hours are incorrect because
“notice of evacuation could take longer than 2 hours to reach people.” -
Evacuation time estimate (ETE) information and inputs to the MACCS2 SAMA consequence
were based on studies performed in 1998 and updated in 2004 by KLD (1998, 2004) Detailson -
the ETE analysis can be obtamed directly from the KLD source documents.

Because the basis for the evacuation delay time estimates is the central issue here, the analysis
presented in the no-evacuation case adequately bounds any question on perceived non-
conservatisms regarding the delay time before evacuating people in the EPZ are assumed to start
moving away from the Pilgrim plant.

MACCS? Sensitivity Case 7: | -

The previous Case 6 applied a no-evacuation assumption in the plant risk modeling and will.
bound the effect of sensitivity of results to evacuation delay time or speed uncertainty
assumption changes. Nonetheless, sensitivity cases were run for a delay in evacuation time (6
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hours compared to the base case of 40 minutes) and an extremely slow evacuation speed (0.34
m/s compared to the base case of 0.97 m/s). These two sensitivity cases are designated as Case
7.a and 7.b, respectively.

The summary tables for Cases 7.a and 7.b are shown in Appendix F. The PDRs for the delayed
evacuation and slow evacuation speed cases are 5% and 3% larger than the base case model and

assump’uons (40 minutes delay time and 2.17 MPH (0.97 m/s) evacuation speed, respectively. .
‘There is no increase to the OECRs for the two sensitivities. Thus, the two cases are bounded by
- the no- -evacuation case in which the change was 6% to the PDR.

Both of these cases illustrate that while slight variation can be achieved in the population dose

outcome with more conservative modehng assumptlons the 1mpacts are minimal to the overall -
SAMA PDR and OECR indices. :

?hT he evacuation speed estimates are incorrect.

. Evacuatien time estimate (ETE) information and evacuation speed inputs to the MACCS2 |
SAMA consequence were based on studies performed in 1998 and updated in 2004 by KLD
(1998, 2004). :

MACCS2 Sensitivity Case "/:'Case ’Zb, as discussed above, addresses this point.'
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3. Economic Consequences

This section describes economic consequence assumptions, input data and modeling approaches
used in the MACCS?2 code for the PNPS SAMA analysis. It also addresses economic issues
raised as part of PW#3.

a. Economlc Model Overview

_The third challenge quest10ns the adequacy of the Pilgrim MACCS2 economic consequence

model, suggesting that it is confined to mitigative actions alone. The challenge also argues that

" loss of tourism economic activity due to an accident event at Pilgrim needs to be specifically

- addressed. Itis further noted that travel/tourism accounted for over $11 billion in spending for -
calendar year 2003 in Massachusetts alone. Travel expenditures in four affected counties as well

-and the economic benefit of Plymouth Plantation were 1dent1ﬁed in the challenge

Economic costs are accounted for by the MACCS2 model in accordance with the SAMA cost-
benefit analysis guidance from NEI (2006). The nominal costs calculated by MACCS2, account
" for region-specific and county-specific costs, and 1nclude -
¢ Cost of evacuation - ,
e Cost for temporary relocation (food, lodging, and lost income)
e Cost of decontamination land and buildings ' :
. o Lost return on investments from properties that are temporanly interdicted to allow
contamination to be decreased by radionuclide decay
o Cost of repairing temporarily interdicted property
e Value of crops destroyed or not grown because they were contaminated by direct
deposition or would be contaminated by root uptake
e Value of farmland and of individual, public, and non-farm commer01al property that is
condemned.

The SAMA guidance indicates that the economic data used in the analysis should be expressed
in dollars for the year in which the SAMA analysis is being performed (NEI, 2006). This
enables SAMA economic costs to be compared to SAMA mitigation costs in current day dollars.
To scale available economic data from a past census or survey to current cond1t1ons the ratio of
consumer price indices can be applied.

Consistent with this guidance, the PNPS SAMA analysis used economic data expressed in 2002
dollars (except for the regional value of non-farm wealth in the region discussed further below).
The economic values were evaluated either on the basis of MACCS2 code recommended values,

~ . or from 2002 site characteristics and the analysis performed for the original SAMA analysis

(PNPS, 2002). Older values were scaled to be consistent with calendar year 2002 using the
consumer price and other cost of living indices, as recommended in the NEI (2006) guldance
Most of these ccuculatlons are described in S&SA-170.
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Of particular note in calculating economic costs employing the MACCS2 code is the use of
regional parameters to assess whether a land element should be condemned or not. MACCS2
evaluates potential mitigative actions for both farm land use and population habitability in order
to determine if it is possible to satisfy the applicable criteria for radiological exposures. If either
of the criteria, for farming or habitability, cannot be satisfied after the maximum duration
interdiction, then that land use is permanently interdicted, or condemned. A second manner in
which land for farming or supporting a population can also be condemned is if the total cost
involved in restoring it to use would exceed the user-specified value of the property.  If this is
done, the use of 1and for either farming or population habitability or both can be condemned.
When a land use is condemned for either reason, (i.e., the dose criteria cannot be satisfied, or the
cost of reclamation exceeds the property’s value), MACCS2 calculates the corresponding long-
term food and population exposures as zero, and assesses an economic cost for the condemnatlon
of the property.

The decision on whether to condemn farm or non-farm property is based on the average regional
“values of farm property (VALWF) and of non-farm property (VALWNF). However, once the
decision to condemn is made, condemnation costs are incurred on a per capita basis using
county-specrﬁc data.

 b. PW#3 Economic Challenge by Subpart

(a) The MACCS2 Code models only the economic costs of mitigative actions.

1. Economic costs include the cost of decontamination, condemnation and temporary or
permanent relocation.

2. The valuations include only the assessed value of the property, tgnormg the business value
of the property.

3. Nowhere does the model account for the loss of economic activity, such as Ioss of tourism.

The MACCS2 model, although not all-inclusive of all costs that could be hypothesized,
nonetheless allows a rather complete assessment of economic impacts from hypothetical reactor
accident releases. Economic costs calculated by MACCS2 include:
‘¢ Food, lodging, lost income associated with evacuation and relocation (including those
incurred in early, or plume-passage phase) ' :
o Losses associated with crop and property destruction, and value of crops not grown
because they would be contaminated by root uptake
e Decontamination labor and materials for decontaminating and repairing land and
buildings

‘e Loss of building/land/produce use and any corresponding lost return on investment and
depreciation associated with decontamination/interdiction

o Value of condemned land and improvements.
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'All these specific costs were 1ncluded in the Pilgrim SAMA analyses. The MACCS2 code w111
invoke user-specified condemnation if dose criteria are not met followmg
decontam1nat10n/1nterd1ct10n efforts.

Thus, contrary to the contention issue, the MACCS2 code provides for the modeling of a wide
range of economic losses. These include losses associated with economic activity, such as loss
of income, loss of value of crops not grown, and loss of use and return-on property, including
:commercial and business property. In terms of loss of use and return on property, as part of
 interdiction costs the MACCS2 code provides for (1) a depreciation rate on property o

* improvements to account for loss of value of buildings and other structures, and (2) an expected
rate of return from land, building, equipment, etc. The Pilgrim SAMA analysis used an annual .
deprec1at10n rate 0f 20% and an annual rate of return of 12%

Furthermor'e, the MACCS? user is free to substitute different data of interest to account for other
costs that may not otherwise be fully or routinely examined in the typical SAMA analysis
“specified in NEI (2006). .‘While recognition of additional types of economic consequences may -
offer some further insight into the economic risks associated with a postulated accident, this type
of analysis is above and beyond that typically done in a SAMA analysis. Nevertheless, a
sensitivity case is outlined under (b.) below to assess clalms made in Pilgrim Watch Contention
#3 regarding business and tourism 1oss risks.

(b) Tourism is an impbrtant business in the area surrounding the Pilgrim plant.

2003 report shows $11.2- bzlllon spent in Massachusetts annually | on transportatzon, lodgmg,
food entertainment, recreation, and madentals '

A severe accident at Ptlgrim would severely impact travel in at least four counties, Plymouth,

Barnstable, Dukes and Nantucket. In 2003, tl avel expendztures for these countles were as
JSollows:

Plymouth ~ $_353.14 million.
Barnstable - $684.27 million,
Dukes — $91.86 niillion.
Nantucket - $139.93 million. |

' Plymouth Plantation, less than ﬁve miles from plant, brings in almost $10 million annually.

As stated above, the MACCS2 computer code was designed to assess a wide range of
consequence types, and the computer code contains a variety of assumptions and input data with
respect to economic costs of severe accidents. However, to address the business and tourism loss
challenge with greater insight, an economic loss analysis has been prepared as a reasonable
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approach to better understand economic impacts due to postulated accident conditions within the

context of a SAMA analysis. The revised approach has augmented the MACCS2 model
assumptions for VNFRM and VALNFW by supplementing the types of data normally
considered to develop those values for the SAMA analysis (Enercon, 2007). The modified
VNFRM and VALNFW input parameters for the value of non-farm property include data that
specifically account for county and metropolitan area gross domestic product and indicators of
tourism, business loss, lost wages, etc. :

" The original MACCS2 set'of VNFRM inputs was developed using the latest data at the time
- (2002) on a county-specific basis and was based on the non-farm fixed reproducible tangible

wealth - a measure of the durable goods (things that people own). These goods may be busmess
and commercial buildings, related equipment and inventory, residential houses, cars, washing
machines, etc. These VNFRM input values for the original MACCS2 base case were based on

- equalized valuations of all property so as to equate to the actual fair market value of all property

within the region (PNPS, 2002).

In accordance with the NEI guldance the VNFRM: county input values for the ongrnal base case

SAMA analysis were expressed in 2002 dollars. However, the original SAMA. analysis
projected the regional value of non-farm wealth in the region, the VALWNF parameter, to the
year 2032 (last year of license extension), and calculated a value of $189,041 per person for this
parameter. A VALWNF parameter of $189,041 per person is a significant conservatism in the

original SAMA analys1s that is retained in the second of the two sen81t1v1ty analyses dlscussed

below.

The revised approach 1ncludes as part of the VNFRM input value the county—spec1ﬁc gross

' —-eounty- product (GCP).- The-addition of GEP/person-values-aceount-for-the total-value of goods

and services produced in an area for the basis year, 2004 (Enercon, 2007). This is essentially all

.the items that were manufactured or produced in a county in 2004, plus "services" that produce

economic activity in that year. The revised VNFRM results therefore measure the non-farm

wealth (tangible wealth owned) of the individual countres as well as the1r economic output
(Table 7). :
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Table 7. New Values of VNFRM for MACCSZ at the Pilgrim Site (Table 4 from Enercon
(2007) -

- VNERM Values:

Pilovim Econcnic Regions

o 2004 Eetimated | GOP/Y Crigingl Final
Shale | Counly |GCB fnbillionsy]  Populalion®* persoy YHFRIE YMFRE
pi8 | Bamnstable 4.1 i 227 934 30,915 148,480 139,378
a1 Brisig i CE 547,278 37.275 55,488 82,781
A Dukes - a8 16,574 51,358 413,486 487,554
e Egoex 302 IsT447 40,952 78.987 119938

- MA Midglesex 03 1,482,822 £5,304 97 499 152,745
158 Nanbuchet 35 : $0.413 59,330 845,028 | 874358
7Y Nerfolk 324 . £53621 - | 49570 97,711 147 231
1A Pymowth 138 __dBhgra. 35920 74035 13855
142 Suffolk 512 854,283 86,910 50,103 188,213

| MA | Woreestsr 25 7608 41.741 54,803 898.344

Rl Bstol 14 - 82540 28,458 78005 | 103,481
Rl Kent 7.5 3FL705 43 580 37,933 111,683
Rl flewpart: 35 .. B43de 42430 37055 128,485
Rl Providencs 288 41874 41.449 52837 24078
Rl |Washingion] 45 128,584 34 994 47 563 1325683

VNFRM reposted in PNPS ealeulation S&SA-170.
h [U.S. Census Burean, 2007]

- County-specific gross county product (GCP)/normalized to the population in the county 1nd1ces
have been tallied by Enercon, then added to the original value of VNFRM to obtain a final
VNFRM per person for counties in the 50-mile zone surrounding Pilgrim. In the sensitivity
cases described below, the MACCS?2 set of runs for the nineteen CAPBs incorporated this
revised economic data. Two sensitivity analysis cases are conducted using these new county
NVFRM values. These new values are used in calculating both interdiction and condemnation
costs. The first sensitivity analysis uses a regional value of non-farm wealth parameter,
VALWNEF (used by the code to decide whether interdiction is feasible relative to condemnation)
of $135,188, which is the VALWNF value calculated to the same basis year as the new VNFRM
values. The second sensitivity analysis uses the same conservative value of VALWNF that was
used in the original study of $189,041 per person.

MACCS?2 Sensitivity Case 8:

This is a set of sensitivity cases to account for the economic costs associated with business and
tourism losses by augmenting the non-farm wealth economic indices with county- and region-
specific business and tourism value data. Two cases were run to show the impacts of updating
the economic indices relative to the base case given in the previous SAMA analysis, with overall
PDR and OECR results summarized in Appendix G.

Each of the two cases incorporate the Enercon (2007) data to update the county non-farm wealth
VNFRM indices, but use different regional non-farm wealth values as follows:

e $135,188, the value calculated by Enercon (2007) based on the updated VNFRM indices

for the counties in the 5 O-mlle region around Pilgrim, and referenced to data for the year
2004

o $189,041 per person, the conservative value used in the original SAMA analysis.
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The first set of results (Table G.1) for VALWNF=$135,188 based on the new, higher VNFRM
values shows no change in the PDR and a decrease in the OECR of 13%. This decrease in the
OECR occurs because of the very conservative value of VALWNF of $189,041 used in the
original SAMA analysis, which directly impacts and increases the calculated interdiction costs as
~ previously discussed. Because of the high degree of conservatism of the original VALWNF
value, the sensitivity run using the new, higher VNFRM values and the VALWNF based on the
‘new VNFRM values results in a decrease of the OECR. In order to avoid this anomalous result
and to identify the impact of using an increased VNFRM value, a second sensitivity case was -
performed using the original, highly conservative VALWNF value of $189,041 and the new
VNFRM values. This second sensitivity case (Table G.2) shows no change in the PDR and an
incremental increase in the OECR of 2%. -

The source of these differences can be explained in part by examining the mean values to
economic cost in the dominant source term, CAPB-15. Table 8 shows the results for economic
~costs and lists the individual components that make up the total off-site economic costs for three

cases: (1) the base case value of $189,041 (VALWNF) and original economic indices; (2) '

VALWNF=$135,;188 and thé new VNFRM county economic indices; and (3) '

VALWNF=$189,041 and the new county economic indices (VNFRM). The original economic -

indices do not include the GCP based measure of business and tourism loss reflected in the new
~ Enercon report.

Several featufes are obvious from inspection of the table. Firstly, agriculture based economic
costs are small relative to population and property-based costs. Secondly, emergency phase
costs, incurred during the 7-day early phase after the postulated accident release, is also.
relatively insignificant compared to the long-term costs. Thirdly, of the long-term costs, the
population-dependent interdiction, decontamination, and property condemnation costs rank first,
second, and third in importance to economic costs. While these specific results are from CAPB-
15, these economic cost trends are found in the other risk-dominant source terms identified
earlier (CAPB-14, CAPB-10, and CAPB-11).

Other information on the calculation of costs to be included in the SAMA analysis is needed to
draw conclusions on ‘whether any further SAMAs might be considered cost beneficial, and is :
found in Section 5 of this report. It will be shown through the Case 8 sensitivity analysis that no
additional cost effective SAMAS are identified based on incorporation of the new and more
complete Enercon business and tourism economic indices.
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Table 8. Economic Costs from Seurce Term CAPB-15

VALWNF Sensitivity Parameter $189,041 $135,188 ~$189,041
Basis for VALWNF Wealth Parameter 2032 2004 2032
County-Specific Non-farm Wealth Indices ' | Old VNFRM New VNFRM | = New VNFRM
TOTAL ECONOMIC COSTS ($) 1.80E+10 1.57E+10 1.85E+10
.| POPULATION-DEPENDENT COSTS ($) 1.79E+10 1.57E+10 1.84E+10
| FARM-DEPENDENT COSTS ($) 6.33E+07 6.33E+07 6.33E+07 |.
POPOPULATION-DEPENDENT
DECONTAMINATION COST (§) 4.06E+09 4.05E+09 4.06E+09
| FARM-DEPENDENT : : o
DECONTAMINATION COST (3) 6.87E+06 6.87E+06 6.87E+06
POPULATION. -DEPENDENT _ ' I
‘ INTERDICTION COST (%) 1.29E+10 1.01E+10 1.29E+10
' ‘FARM-DEPENDENT INTERDICTION '
COST (§) 3.08E+07 3.08E+07 3.08E+07
POP. -DEPENDENT CONDEMNATION ' ‘ ’
COST (§) 9.47E+08 - 1.49E+09 1.42E+09
FARM-DEPENDENT CONDEMNATION _
COST ($) : 3.10E+06 3.10E+06. 3.10E+06
EMERGENCY PHASE COST ($) 8.45E+06 |. 8.45E+06 8.45E+06
INTERMEDIATE PHASE COST ($) 0.00E+00 0.00E+00 0.00E+00
.| MILK DISPOSAL COST ($) 3.16E+04 3.16E+04 3.16E+04
| .CROP DISPOSAL COST ($) 2.25E+07 2.25E+07 2.25E+07
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4. MACCS?2 Sensitivity Case Results

/

This section provides a summary of the results from the revised MACCS?2 cases discussed by
contention issue earlier in this report. The cases were run to develop 1n51ghts 1nto the sensitivity
of results w1th respect to assumptions and input parameter values. "

' Table 9 lists chafacteristics-of the MACCS?2 cases from the revised SAMA analysis, and also
- those executed to support the sensitivity studies discussed earlier in this report. Case 1 is the
base case analysis, and is a base line for the sensitivity cases. As discussed in the introductory
section of this report, mitigation alternatives may be appropriate if a sensitivity analysis shows a .~
large increase in population dose risk and/or economic cost risk relative to the base case. Cases
1.a and 1.b are the sensitivity cases that were run as part of the ongmal revised SAMA analysis-
for exploring uncertainties in the evacuation delay time (40 minutes to 2 hours), and evacuation
speed (2.17 miles/hour to 1.54 miles/hour). Cases 2 through 8§ represent the revised sensitivity

- analyses that were discussed earlier in this report ‘These cases were run to spe01ﬁca11y evaluate
and address issues from the Pilgrim Watch Content #3.
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Base case 40 30 m; YES 2.17 1.0 20 - | Base case
analysis ‘ ' » g . o
la Sensitivity 120 30 m; YES 2.17 1.0 ‘20 | Base case
case - Delayed ’
Evacuation ‘
1.b. Sensitivity 40 30 m; YES 1.54 1.0 20 | Base case
case — . o
Reduced
Evacuation _ ‘
2. " Approximate 40 30 m; YES 217 1.0 . 20 | Basecase:
plume '
trajectory
effect
3. Terrain 40 0 m; NO 2.17 1.0 20 Base case
sensitivity :
4. EPZ Evacuees 40 30 m; YES 2.17 1.0 Relocation | Base case
move to ’ center
relocation distance;
centers Assumed to
» be 40 miles
5. Shelter immediately 30 m; YES 0.0 0.0 n/a | Basecase
only/No
evacuation ,
6. No Evacuation ‘n/a 30 m; YES n/a 0.0 20 | Base case
7.a Delayed 6 h delay for 30 m; YES 2.17 1.0 20 | Base case
evacuation evacuation
time .
7.b Significantly 40 30 m; YES 0.76 1.0 20 | Basecase
reduced ‘
evacuation
. speed
8.a Modified 40 30 m; YES 2.17 1.0 20 | Base case
yaes of VALWNF-$135,188;
0 . .
account for 2004 basis calculated
1 busi 4 by Enercon (2007) &
usiness an )
tourism losses new values of
: VNFRM
8.b Modified . 40 " 30 m; YES 2.17 1.0 20 Base case
values of - VALWNF=$189,041;
VNFRM to Original SAMA basis;
account for New values of.
business and VNFRM
-tourism losses
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Table 10 shows the outcome of the MACCS?2 sensitivity analysis cases. The PDR changes -
average about.a 3% increase, with the largest being for a no-evacuation sensitivity (Case 6). The
OECR cases average about a one percent increase, with the largest result shown for the terrain
effect case. All increases are insufficient to justify additional SAMAs. -

Table 10. Comparison of MACCS2 Sensitivity Cases for PDR and OECR with Base Case

s « : AR a R SRl i S
Base Case 1L 46E+01 ‘ - 5.26E+04 1.00 1.00
a . |Exended delay time 1.46E+01 . 5.26E+04 - 1.00 1.00
|lib [Slower evacuation speed 1.47E+01 - 5.26E+04 1.01 | 100
. |Trajectory Approx. . 1.51E+01 " 5.41E+04 S 1.03° | 1.03
3 Terrain Effect - 1.48E+01 5.48E+04 1.01 1.04
4 |Distance to evacuate - 1.47E+01 5.26E+04 -1.01 1.00
' Shelter w/o evacuation ~ [Bounded by no-evacuation/Case 6 1.06 | 1.00
5 .
6 No Evacuation : - 1.54E+01 - 5.26E+04 | . 1.06 1.00
7.a .  |Change inevac. delay 1.54E+01 . - 5.26E+04 1.05 - 1.00
7b Change in evac. Speed 1.50E+01 5.26E+04 - 1.03 1.00
Economic Impacts - - 1.45E+01 © 4.58E+04- . 1.00 . 0.87
|18.a VALWNF=$135,188 o
8b . |Economic Impacts - 1.46E+01 - 5.37E+04 - 1.00 1.02
[VALWNF=$189,041 ' ' ‘
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5. SAMA Anaiysis Incorporating MACCS?2 Sensitivity Results '

The objective of this section is to evaluate the impact of the new MACCS2 sensitivity results
with respect to Pilgrim's current SAMA analysis and to determine whether the new sensitivity
analyses would result in any additional SAMAs being considered cost beneficial - }

The Pilgrim SAMA analysis follows the recommendations of NUREG/BR-0184, where total

- costsincludes off-site exposure cost, off-site economic cost, on-site exposure cost, and on-site
economic cost (defined as on-site clean-up and decontamination cost, and replacement power A
cost) (NRC, 1997). In the original analysis (PNPS, 2006), equivalent present dollar values for
the calculated PDR and OECR were estimated assuming a discount rate of 7%. The off-site
population exposure cost contributes about 32% of the total cost resulting from the postulated
accident evaluated as part of the SAMA analysis, and the off-s1te economlc cost contnbutes

. about 54% of the total.

Even though the maximum increases to the PDR and OECR for any of the sens1t1v1ty cases

~ discussed above result from different MACCS2 sensitivity cases, the maximum increase for each
risk is used to adjust the base case total cost results for the 59 PNPS SAMAs ini order to

- determine whether any additional SAMAs would be considered cost beneficial. The maximum
increase to the PDR for any of the sensitivity studies was 6% and the maximum increase to the
OECR for any of the sensitivity studies was 4%. Using these maximum increases for the PDR
and the OECR values would increase the total cost for each of the 59 SAMAS by about (6% X
032+4%x054),or4% A

, Lookmg at the next SAMA that is closest to becommg potentlally cost effective, SAMA #8, it

“can be seen that the baseline benefit for this SAMA (of $2,405,508) is less than half of the
estimated cost of implementing the SAMA (>$5,000,000). Accordmgly, the baseline benefit, or
the total cost avoided, would have to increase by more than 100% before SAMA #8 would
become cost beneficial. This is a factor of 25 times greater than the maximum increases seen
from any of the additional sensitivity analyses evaluated in this report

The baseline benefit case in the Pilgrim SAMA analys1s assumes-a discount rate of 7% and is
based on the mean benefit, or total cost avoided, as shown by the SAMA analysis. As part of the -
'SAMA study, several boundmg analyses were also studied. The first, a baseline case with
“uncertainty was considered, based on the 95t percentile level (PNPS, 2006; LRA, 2006a).. For
the baseline case with uncertainty (shown as the sixth column in Table 11), the benefit for each
SAMA is 60% higher than for the baseline case. Additionally, a sensitivity case was also
performed to investigate the impact on each SAMA when a lower discount rate of 3% is assumed
(PNPS, 2006; LRA, 2006a). Table 11 shows the result from the 3% discount rate sensitivity case
(seventh or last column). A comparison of the benefit costs shows that the benefit for the 3%
discount rate case is at least 30% higher than the base case for each SAMA under consideration
except for SAMA 52, which is 12% higher. As seen in Table 11, io additional SAMAs become
cost-beneficial under either the baseline with uncertainty case or the 3% discount rate sensitivity
case even with their much higher benefits. Thus, the sensitivity analyses performed in this report
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showing a maximum benefit increase of 4% are amply bounded by these pre-existing ‘sensitiVity
analyses. ' '

The large margins and conservatisms retained in the SAMA analysis before additional SAMAs
~ would be cost beneficial is further demonstrated by comparing the estimated cost of
implementing the next SAMA that is closest to becoming potentially cost effective, SAMA #8 to
~ the benefits for the baseline with uncertainty case and the 3% discount rate sensitivity case. This
" comparison is as follows:

Benefits Costs ~ Difference

$3,361,353 >$5,000,000 >$1,638,647 ‘ (3% discount rate case)
$3,848,813 >$5,000,000 >$1,151,187 (baseline with uncertainty)

Accordingly, the benefits, or total cost risk avoided, for SAMA #8 would need to increase almost
50% for the 3% discount rate case and almost 30% for the baseline case with uncertainty before

" this SAMA would become potentially cost effective under these bounding sensitivity analyses. -
These percentages are approximately an order of magnitude greater than the less than 4%
maximum benefit increase shown for any of the sensitivity analyses performed in this report.

- In summary, the maximum benefit increase of 4% calculated from the MACCS?2 sensitivity
analyses in this report would not change the existing set of potentially cost-effective SAMAs
identified by the PNPS SAMA analysis. Before any additional SAMAs would be identified as
potentially cost-effective, the increase in benefit would need to be on the order of 100%, or a
factor of 25 times greater than shown by any of the sensitivity analyses in this report. Even
under the bounding sensitivity-analyses performed for the SAMA analysis, the increase in benefit
would need to be approximately an order of magnitude larger before these bounding analyses
would be affected. ‘
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Table 11. Summary of Phase II SAMA Analysis
(Based on Table RAIL3-2 Revised Summary of Phase II SAMA Analysisﬁ)

Install an independent method | - ¢34 339 | g5300.000 | NOLOOSt | gag4040 | $319334

of suppression pool cooling. _ effective

Install a filtered containment

vent to provide fission product |- : Not cost - - _

scrubbing. Option 1: Gravel '$871,795% | $3,000,000 ef(f? ctive | $1,394,872" | $1,218,209

| Bed Filter Option 2: Multlple ' © '

Venturi Scrubber

Install a containment vent - : Not cost .

large enough to remove $56,799 >$2,000,000 offective $90,878 $78,556

| ATWS decay heat.

Create a large concrete :

crucible with heat removal ' ;|  Notcost | 1.

potential under the basemat to $2,405,508 >$100 rrull;on . effective | $3,848,813 $3’361,’353

contain molten core debris. ‘

Create a water-cooled rubble e Not cost .

bed on the pedestal. $2,405,508 | $19,000,000 effective $3,848,813 | $3,361,353

Provide modification for - Not cost '

flooding the drywell head $0 >$1,000,000 effective $0 $0.

Enhance fire protection system Not éost .

and/or SGTS hardware and $59,196 | >$2,500,000 \ $94,714 $82,718
effective

procedures.

Create a core melt source $2,405,508 | >$5,000,000 | NOLCOSt | ¢3 248813 | $3.361,353

reduction system. N effective

Install a passive contalnment $236.327 $5',800,000 Not cgst . $378,123 $321,572

spray system. : effective .

® Table 111is Table RAI 3-2 of the "Revised Summary of Phase II SAMA Analysis™ (footnotes omitted) that was
provided in LRA (2006a) which replaced the results of the original SAMA analy51s provided with the license
renewal application.
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Table 11. Summary of Phase I SAMA Analy51s
(Based on Table RAI 3-2 Revised Summary of Phase II SAMA Analys1s )

jo |Strengthen primary/ secondary | g1 151630 | $12,000000 | NOTOSt | g1 643600 | $1,609,238
. |containment. . : effective . _
Increase the depth of the ‘
1. concrete basemat or use an _ ' | Notcost B T
“11  |altemative concrete material to |  $26,907 | >8$5,000,000 | .or €98 $43,052 $37,599
: - effective . :
ensure melt-through does not -
occur
- |Provide a reactor vessel ' ’ Not cost o p1y ’
12 exterior cooling system $5,381 $2,500,000 effective $8,610 $7"520
Construct a building to be -
| connected to primary/ : Not cost : :
13 secondary containment that is §59,196 | >$2,000,000 effective $94,714 $82,718
maintained at a vacuum
- |Dedicated Suppression Pool " Not cost . :
14 . Cooling | o $234,337 | $5’800’_(,)9.0__ | effective $374,940 $319,334
js |Createalarger volume in $1,151,630 | $8,000,000 | NOLCOSt | ¢ 245600 | $1,609238
e containment.- . effective
Inc’:rease,containr'nent pressufe ' Not cost o
16 capability (sufficient pressure | $1,151,630 | $12,000,000 . $1,842,609 | $1,609,238
. . effective .-
to withstand severe accidents).
- |Install imprdved vacuum Not cost
17  |breakers (redundant valves in $0 >$1,000,000 ot cos $0 $0
. effective
each line).
Increase the temperature P Not cost - .
18 margin for seals. $0 $12,000,000 effective . $0 $0
19 |mstall a filtered vent $871,795- | $3,000,000 | NOLCOSt | g1 304875 | $1,218,209
| . . effective
Provide a method of drywell Not cost _
20 head flooding. $0 >$1,000,000 effective $0 $0
g1 |Usealternate method of - $59,196 | >$2,500,000 | ot cost $94,714 | $82.718
reactor building spray. effective »
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. Table 11. Summafy of Phase Il SAMA Analysis
(Based on Table RAL3-2 Revised Summary of Phase Il SAMA Analysis®)-

Provide a means of flooding - Not cost L '
22 |ioe mbble bed. $1,124,723 $2,500,000 | o S0 | 81,799,557 $1,57.1,639
Install a reactor cavity : Not cost ,
2 | fooding system. $2,405,508 $8,7_50,ooo ftootve | $3:848.813 | $3,361,353
Add ribbing to the L Not cost | ,
LR B e | $1,151,630 | $12,000,000 | 2 $1.,842,6.09 $1,609,238
25 Prov1c}e addltlonal DC battery $132,726 $500,000 | Not C(_)st $212,362 $183,030°
.capacity. - : effective o B .
Use fuel cells instead of lead- : Not cost. '
26| dbatterics A $132,726 | >$1,000,000 | 2 SO0 $212,362 | $183,030
Modification for Improving . Not cost ' y
27 | DC Bus Reliability | $838,§25 | $1.953,682 | o e 1.,341,800 $1,129,635
,g |Provide 16-hour SBO $132,726 | $500,000 | NOtCOSt | er15362 | $183,030
injection. effective v
g9  |Provide an altemate pump $248313 | >8$1,000,000 | NOLCOSt ' gag0a51 | 342,381
- | power source. : effective ]
30 | AC Bus Cross-Ties $426,797 | $146,120 | Potentially | geos a6 | $576,901
: : ' cost effective .
3; |Addadedicated DC power $833,243 | $3,000,000 | NOLCOSt | ¢ 333129 | $1.122.116
supply. : effective
3o |Instell additional batteries or | o33 943 | ¢3000,000 | NOLOOSt | ¢ 333189 | $1.122,116
divisions. _ effective _
33 |Install fuel cells. $132,726 | 581,000,000 | NOLCOSt | er10360 | $183,030
effective ;
34 |DC Cross-Ties $109,5690 | 13000 | Potentially }giosa1y | g145250
: cost effective :
.. : ' Not cost
35  |Extended SBO provisions. $132,726 $500,000 . $212,362 $183,030
: effective
36 |Locate RHR inside $8366 | >$500,000 | otcost $13,385 | $10,878
containment. effective :
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Table 11. Summary of Phase Il SAMA Analy51s
(Based on Table RAL3-2 Revised Summary of Phase II SAMA Analysns )

37 |Increase frequency ofvalve | o)o 505 | g100000 | NOEOOSt | ginene | $34,557
- leak testing. : effective .
. v T Not cost
38 Improve MSIV demgn. $0 - n/a effective _ ‘.$0 ‘ 1 $O
) | mstall an independent diesel , _ . Not cost -

39 for the CST makeup pumps. $0 $135,000 effective $0 ol $0

~ | Provide an additional high- S . Not cost -
40 - |pressure injection pump with $102,606 | >$1,000,000 ot $164,170 $137,423

S - effective :

independent diesel.

4y |Mnstall independent AChigh | ) g6 | 561 000,000 | NOLCOSt | 164170 | $137.423
pressure injéction system. z ~ effective. _ ~

4p |mstall apassive highpressure | o) 606 | 51,000,000 | NOLCOSt | 164170 | $137.423

- |system. : - 1. . effective :

43 |Mmproved high pressure $68,736 | >81,000,000 | Noteost 1 4109977 | $91,089
systems » . effective -

. |Install an additional active - : Not cost o
44 high pressure system. $102,606 " | >$1,000,000 effective $164,170 $l37,423
45 |Addadiversenjection $102,606 | >$1,000,000 | NOLCOSt | “g164170 | $137,423

system. ‘ - effective
' - ’ s : ’ Not cost .
46 . |Increase SRV reseat reliability. |- $47,618 -$1,800,000 : . $76,188 $63,832
' , - effective- L ,
. ‘ - Not cost v
47 Install an ATWS sized vent. $56,799 | >$2,000,000 ~ . $90,878 - $78,556
» T effective ~
48 D1vers1fy exploswe valve $0 - | >$200,000 Not-cgst $0 $0
operation. o : , effective
Increase the rcliability of _ : Not cost
49 | SRVs by adding signals to | .$31,881 | >$1,500,000 : $51,010 $43,196
» . . effective
open them automatically. :
. ‘ . Not cost ' :
50 |Improve SRV design. | $172,744 | $1,500,000 ot $276,391 $232,454

. : effective
sp  |Provideself:cooled ECCS | gy9 591 | sga00,000 | MOt cOst $47,826 $40,957

pump seals. o - effective : -

o
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Provide digital large break ‘ ' Not cost -
52 LOCA protection. $995 >$100,000 effective $1,592 $1,1_1.9
Control containment venting : . Not cost ‘
53 | within a narrow band of $114,364 $300,000 - . $182,982 $153,582
. : : : effective
| pressure .
Install a bypass switch to _ _ .
., - | bypass the low reactor ) ' ' Not cost PO
>4 .| pressure interlocks of LPCI or $23,515 $1,000,000 effective $37,624 $32,318
core spray injection valves.
Improve SSW System and ' ‘| Not cost '
55 RBCCW pump recovery. $334,596 >$§,OO0,000 effective. $535,353 $459,971 ..
Provide redundant DC power Potentially ,
>6 supplies to DTV valves. $200,010 $112,400 cost effective | $320016 |- $264,600
Proceduralize the use of diesel v _ .
fire pump hydroturbine in the o - Potentially ' Ak
>7 event of EDG A failure or $156,828 $26,000 cost efféctive $250,925 $214,544
unavailability. v
Proceduralize the operator _
action to feed B1 loads via B3 ‘ Potentially o
>8 when A3 is unavailable post- $175,142 $50,000 cost effective $280,226 $236,616
trip. ' '
Provide redundant path from : -
fire protection pump discharge _ Not cost ' - ,
>9 to LPCI loops A and B cross- $845,784 $1’956’OQO effective $1,353,255 $1’l66’97,6
tie.
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6. Conclusions

‘A technical study has been completed to address issues raised by Pilgrim Watch Contention # 3
oﬁ use of the MACCS?2 code to support severe accident mitigation alternative (SAMA) analysis
as part of the license extension process for the Pllgnm Nuclear Power Station. Specifically, the
contention challenged :

o The validity of the MACCS2 meteorological model and data used in the economic
' SAMA analysis, 1nclud1ng the ability of the model to-treat terrain effects sea breeze

phenomena

e The adequacy of the input data and assumptions influencing the evacuation and sheltering
model in MACCS2, and the capabilities of the code itself to model actual and worst case
scenarios.

e The adequacy of the modehng of economic losses, espe01a11y those characterlzmg
tourism and business costs.

The study as documented in this report reaffirms the use of the MACCS2 computer model to
guide the identification of SAMAs for the Pilgrim plant based on site and regional input data,
and postulated accident conditions. In particular, MACCS2 is the best available methodology
~ for sampling a sufficient number of Pilgrim site-specific weather sequences to generate the
appropriate statistical basis for determining mean consequence estimates needed for SAMA
analysis. These include the off-site population dose risk (PDR) and off-site economic cost risk
(OECR). MACCS?2 results are calculated using Gaussian plume methodology that is well-
understood and is applied using conservative modeling assumptions and input data that is
compliant with Nuclear Regulatory Commission guidance and nuclear industry practices.

Use of the MACCS2 code and application to the Pilgrim plant set of postulated acmdent
condmons prov1ded the following insights:

. The Gaussian plume is in good agreement with more sophisticated and complex models
that are considerably more data-intensive. The model has been conservatively applied to -
produce conservative results in the fifty-mile reglon of interest surrounding the Pilgrim
site.

o Most of the PDR and OECR levels are due to radiological exposures and subsequent
economic effects in the 20-mile to 50-mile region areas, and especially in hlgh population
density areas between 30 to 40 miles distant from the plant.

o The effect of sea breeze on plumes released from Pilgrim will be to disperse rather than
concentrate radioactivity in a plume. This effect, while obviously important to local
prediction of plumes within the first five to ten miles from Pilgrim, would decrease the
plume concentrations and therefore the population dose in the important 20-mile to 50-
mile region. Since the 20-mile to 50-mile effects dominate the consequences, sea breeze
effects are not si gmﬁcant to the Pilgrim SAMA analysis. In addition, variability of wind
direction and wind speed in the coastal region near Pilgrim, while measurable, is not
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important to the SAMA analys1s and is compensated for in the MACCSZ modelmg by
-selection of appropnately conservative input parameters and data. _
o The dose mitigation models implemented in the MACCS2 code used region-specific, -
~ evacuation time estimate (ETE) data and a conservative model of evacuation of residents
" from the EPZ. Because the analysis followed SAMA methodology and used NRC and
industry guidelines, mean or average consequences and risk values were calculated.
Worst case calculations are not appropnate for risk- 1nformed cost-benefit SAMA
analysis studies. :

e Sensitivity analyses demonstrated that while evacuation tlmmg and speed can affect the
population dose incurred in the initial phase following an accident condition, the
influence to the overall population dose is'small. On average, the initial seven—day period
following the accident contributed on average about 17% of the overall dose. Thus,
effects are largely limited to lowering a small dose component. The largest component of
dose is not influenced by the emergency phase assumptions or model and so is unaffected
by changes in emergency planning. 3 o

e - Emergency phase actions have at best a minor influence to the SAMA consequence
analyses because of the dominant effect of the 30-to-40 mile zone on the results of the
SAMA analyses. In.other words, the contention challenge on evacuation and other dose
avoidance plans is negligible in its applicability to impact the outcome of the SAMA
analysis.

e Population dose is mostly due to groundshine effects occurring over the long-term phase
of the analysis. Other contrlbutors are decontamination dose and ingestion dose.

e The economic impact model in MACCS2, with an expanded accountability of business

- and tourism losses indexed on county business activity, indicated small, incremental

increase to the OECR. . However the increase was 1nsufﬁ01ent to Just1fy additional severe

" accident mitigation alternatives. =

o .Economlc costs are based mostly on 1nterd1ct10n decontamination, and condemnation
© costs in that order. Agricultural losses are insignificant compared to non-farm, busmess
_ loss and tangible property losses

MACCS? sensitivity analysis cases supported the judgment that long-term and mid- to far field
consequences dominate the determination of consequences of interest in the PNPS SAMA
analysis, and that the Gaussian plume model is a reasonable tool that provides a unique
combination of meteorological data analysis, representative statistics on consequence results, and
versatility. The sensitivity cases explored trajectory effects, terrain impacts, distance to travel for
evacuees, no-evacuation, evacuation delay time and evacuation speed, and the addition of non-
farm wealth data to account more fully for economic costs. The increase in PDR ranged from
0% to 6%. The increase in OECR ranged from 0% to 4%. '

Using the maximum increase in results of the MACCS2-based sensitivity studies for PDR and
OECR of 6% and 4%, respectively, would i increase the total cost by about 4% (6% x 0.32 + 4% x
0.54). Howeve1 before any additional SAMAs would be identified as potentially cost-effective, -
the increase in benefit would need to be on the order of 100%, or a factor of 25 times greater

than shown by any of the sensitivity analyses in this report. Even under the bounding sensitivity
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analyses previously performed for the SAMA analysis, the increase in benefit would need to be
approximately an order of magnitude larger before these bounding analyses would be affected.

Accordingly, the maximum benefit increase of 4% calculated from the MACCS2 sensitivity
analyses in this report would not change the existing set of potentially cost-effective SAMAs
identified by the PNPS SAMA analysis. . Much larger increases in benefit cost would need to
occur before any new SAMAs could be determined to be potentially cost effective.
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CAPB  Collapsed Accident Progression Bin
DOE U.S. Department of Energy
EAB: Exclusion Area Boundary
~EPZ o Emergency Planning Zone
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GCP Gross County Product ($)
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MACCS2 MELCOR Accidert Consequence Code System 2
MWy . Megawatt thermal (10° Watts)
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PRA Probabilistic Risk Assessment
PSA Probabilistic Safety Assessment (or Analysis)
RAI Requesf for Additional Information
SAMA Severe Accident Mitigation Alternatives

‘WSMS Washington Safety Management Solutions LLC

<~
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Appendlx A. Base Case for Pllgnm SAMA Analysis — Population Dose (person—Sv)
by Spatial Ring for Each Source Term/Collapse Accident Progression
Bin (1-14)

fon AR A AT = B LRy
(0-0.53 mile 4.83E-02 1.92E+00 1.93E+00] - 9.58E+00]  1.46E+01 9.82E+00 1.21E+01

1
2(0.53-1.0 mi]  5.65E-02] 4.52E+00] 4.70E+00]  3.00E+01] 4.22E+01] ~ 3.44E+01]  4.06E+01
3{(1-2 miles) 4.09E-02| - 6.82E+00]  7.19E+00]  2.96E+01]  3.90E+01] 3.41E+01] 3.90E+01
4{(2-3 miles) 2.48E-02] 5.708+00] 6.05E+00[ 4.42E+01] 3.35E+01] 4.01E+01] ~ 4.07E+01
5[(3-4 miles) 2.158-02f  5.198+00]  5.52E+00]  6.70E+01] 5.72E+01]  6.69E+01]  6.08E+01
6{(4-5 miles) 1.97E-02]  4.80E+00]  5.09E+00] 7.73E+01]  8.91E+01]  8.82E+01] - 9.74E+01
7](5-6 miles) 1.656-02]  4.09B+00]  4.35E+00]  s8.578+01]  1.07E+02] 9.i3E+01] — 1.05E+02
8[(6-7 miles) | 1.40E-02| 348E+00] 3.70E+00]  8.91E+01]  1.18E+02]  1.09E+02] 1.10E+02
"~ 9](7-8 miles) 1.27E-02]  3.18E+00]  3.38E+00] 1.06E+02]  1.39E+02]  1.15E+02] " 1.31E+02
10](8-9 miles) 1.27E-02]  3.19E+00]  3.40E+00]  1.17E+02]  1.56E+02]  1.22E+02]  1.42E+02
11(9-10 miles)]  1.198-02]  3.00E+00] ~ 3.20E+00] ~ 1.70E+02] 2.43E+02] 1.91E+02] 2.20E+02
12[(10-20 miles} ~ 7.73E-02]  1.95E+01]  2.08E+01] 1.73E+03]  2.64E+03]  1.89E+03] 2.33E+03]
13[(20-30 miles]  8.67E-02] 2.18E+01] 2.33E+01] 3.56E+03]  4.68E+03]  3.90E+03] 4.43E+03
14[(30-40 miles] ~ 9.96E-02]  2.51E+01]  2.67E+01] ~ 5.73E+03]  7.05E+03]  6.11E+03]  6.40E+03
15[(40-50 miles] ~ 3.36E-02]  8.45E+00] 9.01E+00]  3:15E+03] - 3.82E+03] ~ 3.22E+03]  3.65E+03
TOTAL | 5.778-01] 1.21E+02] 128E+02] 1.50E+04]  1.92E+04] 1.60E+04] 1.78E+04

(0-0.53 mile] . 9.15E+01 3.77E+01 8.83E+01 5.18E+01 1.27E+00 6.47E+00 122E+01

1
21(0.53-1.0 mi 1.96E+02]  8.57E+01 1.86E+02] 1.11E+02] 2.25B+00] 2.11E+01] 4.28E+01
3](1-2 miles)- 1.06E+02]  6.35E+01]  8.62E+01| 7.56E+01] 3.78E+00] 3.70E+01] 3.42E+01
4{(2-3 miles) 1.19E+02]  6.07E+01 1.16E+02]  9.06E+01]  3.04E+00] 4.58E+01] 4.30E+01
" 5](3-4 miles) 1.39E+02]  5.87E+01 1.28B+02] 1.01B+02] 297E+00] - 5:23E+01]  6.04E+01
61(4-5 miles) | - 1.88E+02] -7.79E+01 1.65E+02]  1.19B+02| - 3.17E+00] 6.48E+01|  9.05E+01
7](5-6 miles) 1.94E+02] 1.04E+02| 1.70E+02| 1.17E+02] 3.00E+00] 5.95E+01] 9.84E+01
8|(6-7 miles) - 1.91E+02] 1.28E+02] 1.62E+02| 1.26E+02] 2.71E+00{ 5.36E+01] 1.01E+02
9](7-8 miles) 1.95E+02] 1.53E+02| 1.49E+02| 1.61E+02] 2.62E+00] 5.38E+01| = 1.16E+02
10{(8-9 miles) 2.08E+02] 1.82B+02] 1.45E+02| 1.88E+02| 2.69E+00] 6.30E+01| 1.32E+02
11](9-10 miles)|  4.69E+02] 3.31E+02] 4.70E+02] 4.07E+02] 2.77E+00] - 8.28E+01]  1.89E+02
12}(10-20 miles}]  6.09E+03] . 3.82B+03|  6.00E+03]| . 5.93E+03| 1.93E+01 1.10E+03]  1.97E+03|
13|(20-30 miles]  1.21E+04] 6.55E+03 1.35E+04| - 9.61E+03] 2.23E+01 2.44E+03|  3.84E+03

14](30-40 miles 1.64E+04] - . 9.44E+03 1.82E+04 1.38E+04 3.57E+01 3.16E+03 6.79E+03
(40-50 miles 7.61E+03 4.31E+03 7.81E+03 6.36E+03 1.05E+01 1.23E+03 3.34E+03
TOTAL 443E+04} 2.54E+04] 4.74E+04| 3.72E+04] 1.18E+02] 8.47E+03| 1.69E+04

—
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-Appendix A. Base Case for Pilgﬁm SAMA Analysis — Populatidn Dose (person-Sv) |

by Spatial Ring for Each Source Term/Collapse Accident Progression
Bin (15-19) ‘ ‘ '

ol 5
i
11(0-0.53 mile]  1.06E+02]  2.798+01] 2.79E+02]  5.64E+01]  3:18E+02
2[(0.53-1.0mi]  2.32E+02] 8.18E+01] 6.04E+02] 1.31E+02]  6.90E+02
3[(1-2 miles) 8.76E+01] 5.82E+01] 1.21E+02] 8.13E+01}  1.38E+02
-4](2-3 miles) | - 1.15E+02] - 5.00E+01]  1.51E+02] = 7.45E+01]  1.64E+02
5[(3-4 miles) L19E+02]  6.30E+01]  1.64E+02] 7.04E+01]  1.74E+02
- 6](4-5 miles) 1.37E+02]  1.12E+02]  1.89E+02] - 8.90E+01]  2.01E+02
7](5-6 miles) 1.346+02]  1.34E+02] 1.87E+02]  1.11E+02]  1.95E+02
8](6-7 miles) 1.28E+02]  1.42E+02]  1.69E+02] 1.57E+02]  1.83E+02
9](7-8 miles) 1.228+02]  1.48E+02]  1.51E+02]  1.83E+02]  1.60E+02]
10[(8-9 miles) |  1.23B+02]  1.77E+02| = 1.60E+02] 2.11E+02] 1.65E+02
11[{(9-10 miles)|  4.13E+02]  3.20E+02|. s5.12E+02] 3.96E+02] 6.26E+02
12[(10-20 miles]  5.86E+03]  3.18E+03|  7.28E+03] 4.17E+03]  8.02E+03]
13](20-30 miles] ~ 1.36E+04]  4.81E+03]  1.43E+04| . 6.54B+03]  1.58E+04
14{(30-40 miles|  1.72E+04]  6.66E+03] 1.85E+04] 9.29E+03] . 2.12E+04] .
15{(40-50 miles| - 8.20E+03]  3.35E+03] 8.32E+03]  4.27E+03] 9.20E+03
TOTAL 4.66E+04] 1.93E+04] 5.11E+04] 2.58E+04| 5.72E+04
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| 'App'endix B. Case 2 - Approxiniate Trajectory Effect

WSMS-TR-07-0005
REVISION 1

Case 2

Trajectory Approximation - Different Weather is Sampled by Plume Than in Base Case
, ' Base Case
Release | Frequency | Population| Offsite Population Offsite Population |  Offsite
Mode - Dose Economic } Dose Risk Economic | Dose Risk Economic
L oY (person- | Cost ($) (person- | CostRisk | (person- Cost Risk
' SO - Sv)* - ' rem)/y* 8y rem/y) . (81y)_ :
. {CAPB-1 9.51E-08] S5.60E-01] 3.85E+06 5.33E-06 3.66E-01] - S5.49E-06] 3.63E-01}
CAPB-2 ' 1.27E-08] 1.17E+02| 7.19E+06]| 1.49E-04 9.13E-02 1.53E-04 9.08E-02
CAPB-3 2.39E-09] " 1.24E+02| 7.46E+06 2.96E-05 1.78E-02 3.06E-05] - 1.75E-02
CAPB-4 ' 3.29E-09] 1.50E+04] 4.93E+09 4.94E-03 1.62E+01 4.94E-03 1.62E+01
|CAPB-5 2.73E-09] 1.92E+04] 6.15E+09] = 5.24E-03 - 1.68B+01] . 5.24E-03]' - 1.68E+01
CAPB-6 . .7.95E-09] 1.60E+04| 4.35E+09 1.27E-02 3.46E+01 . 1.27E-02 3.46E+01
CAPB-7 7.93E-09] 1.78E+04| 5.25E+09 1.41E-02 4.16E+01 1.41E-02 4.16E+01
-|CAPB-8 - 2.06E-08] 4.42E+04] 1.68E+10] " . 9.11E-02 3.46E+02 9.10E-02| ~ 3.46E+02
CAPB-9 9.25E-09] -2.54E+04] 9.26E+09 2.35E-02 8.57E+01] . 2.35E-02 8.56E+01
CAPB-10 8.53E-08| 4.74E+04| 1.72E+10 4.04E-01 1.47E+03 4.05E-01 1.47E+03
CAPB-11 4.35E-08] 3.72E+04| 1.29E+10 1.62E-01 "5.61E+02] 1.62E-01 5.61E+02
CAPB-12 1.70E-06] 1.16E+02| 4.84E+06 1.97E-02 8.23E+00 - 2.01E-02 8.25E+00}
CAPB-13 2.30E-09] 8.36E+03] ~ 8.67E+08 1.92E-03]° -1.99E+00 1.95E-03 1.93E+00
CAPB-14 2.26E-06| 1.69E+04| 5.04E+09 3.82E+00| - 1.14E+04 3.82E+00 1.12E+04
CAPB-15 2.12E-06] 4.88E+04| 1.86E+10 1.03E+01 3.94E+04 9.86E+00] - 3.82E+04
CAPB-16 1.18E-09] 1.93E+04| 6.28E+09 2.28E-03] - 7.41E+00 2.27E-03} 7.40E+00
CAPB-17 - | 6.91E-09] 5.12E+04| 1.98E+10 3.54E-02 1.37E+02 3.54E-02 _1.37E+02
|CAPB-18 4.61E-10] 2.58E+04| 8.43E+09 1.19E-03] 3.89E+00 1.19E-03| 3.88E+00
CAPB-19 2.43E-08] 5.72E+04| 2.11E+10 1.39E-01 -5.13E+02 1.39E-01] -~ 5.12E+02
_ ' 1.51E+01 5A41E+04] = 1.46E+01 " 5.26E+04
Ratio of Sensitivity Case to Base Case . 1.03E+00° ~ 1.03E+00 ‘
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For Pilgrim NPS SAMA Analysis REVISION 1
Appendix C. Case 3 Terrain Model Effect
|Case 3 - 0.0 m Release height and no building wake
. Base Case
Release Frequency } Population] Offsite Population Offsite Population Offsite
Mode ' Dose Economic { Dose Risk Economic Dose Risk Economic
. (y;l) (person- Cost (3) (person- Cost Risk (person- Cost Risk
Sv)* ' rem)/y* (87y) rem/y) (3/y)
CAPB-1 9.51E-08] 6.00E-01| 3.81E+06] . 5.71E-06 3.62E-01f = 5.49E-06 3.63E-01
CAPB-2 1.27E-08] 1.21E+02] 6.69E+06 - 1.54E-04 8.50E-02 1.53E-04 * 9.08E-02
_ {CAPB-3 2.39E-09] 1.29E+02| 6.92E+06 " 3.08E-05 1.65E-02 3.06E-05 1.75E-02
CAPB-4 -3.29E-09] 1.45E+04] 4.99E+09  4.77E-03 1.64E+01 4.94E-03 1.62E+01|
CAPB-5 2.73E-09]° 1.91E+04fy 6.09E+09 5.21E-03 1.66E+01 5.24E-03 - 1.68E+01
CAPB-6 7.95E-09] 1.64E+04] 4.18E+09 1.30E-02 3.32E+01 1.27E-02 3.46E+01
- |[CAPB-7 7.93E-09] 1.75E+04{ 5.30E+09 1.39E-02} = 4.20E+01] 1.41E-02| . 4.16E+01
CAPB-8 - 2.06E-08] 4.37E+04| 1.68E+10 9.00E-02 3.46E+02 9.10E-02 3.46E+02]
CAPB-9 9.25E-09| 2.63E+04| 9.06E+09 2.43E-02 8.38E+01 2.35E-02 8.56E+01
CAPB-10. 8.53E-08] 4.73E+04| 1.80E+10|  4.03E-01 1.54E+03 4.05E-01 1.47E+03
- |CAPB-11 4.35E-08f 3.82E+04| 1.29E+10 1.66E-01 5.61E+02 1.62E-01 5.61E+02|
CAPB-12 1.70E-06] 1.17E+02| 4.11E+06 . 1.99E-02 6.99E+00 2.01E-02 8.25E+00
CAPB-13 2.30E-09] 8.41E+03| -8.88E+08 1.93E-03 2.04E+00 1.95E-03 -1.93E+00
CAPB-14 2.26E-06] 1.71E+04| 4.94E+09 3.86E+00 '1.12E+04 3.82E+00 1.12E+04
CAPB-15 2.12E-06] 4.72E+04| 1.90E+10 1.00E+01 4.03E+04 9.86E+00 3.82E+04
CAPB-16 1.18E-09] 1.94E+04| 6.33E+09 2.29E-03 7.47E+00} 2.27E-03 7.40E+00
CAPB-17 6.91E-09f 5.18E+04] 1.99E+10 3.58E-02 1.38E+02 3.54E-02 1.37E+02
CAPB-18 4.61E-10] 2.58E+04| 8.50E+09 1.19E-03 3.92E+00 1.19E-03 3.88E+00
CAPB-19 . 2.43E-08] S5.83E+04] 2.14E+10] 1.42E-01 5.20E+02 1.39E-01 5.12E+02
o ' 1.48E+01 5.48E+04| 1.46E+01]  5.26E+04
Ratio of Sensitivity Case to Base Case 1.01E+00 -1.04E+00 :
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Radidlogical Dispersion/Consequence Analysis

WSMS-TR-07-0005

For Pilgrim NPS SAMA Analysis REVISION 1
Appendix D. EPZ Evacuees Moving to 40 miles Away '
Case 4 Evacuees end at 40 miles Base Caée
Release Frequency | Population] Offsite Population Offsite - Population Offsite
Mode. ‘Dose Economic | DoseRisk | Economic. | DoseRisk | Economic
' ' _(y‘l) : (person- Cost (3) (person- | Cost Risk (person- Cost Risk
- Sv)* rem)/y* ($ly) rem/y) [6:30]
“|CAPB-1 - |  9.51E-08] 5.77E-01| 3.82E+06] - 5.49E-06]  3.63E-01 5.49E-06 3.63E-01
CAPB-2- 1.27E-08] 1.21E+02| 7.18E+06 1.54E-04 9.12E-02 1.53E-04 9.08E-02
CAPB-3 2.39E-09] 1.28E+02] 7.31E+06 . 3.06E-05 1.75E-02 3.06E-05 . 1.75E-02
ICAPB-4 -3.29E-09] 1.50E+04}] 4.93E+09 4.94E-03 1.62E+01 4.94E-03 1.62E+01
CAPB-5 2.73E-09] -1.93E+04] 6.15E+09 5.27E-03 " 1.68E+01 '5.24E-03 1.68E+01|
CAPB-6 7.95E-09] 1.61E+04] 4.35E+09 1.28E-02|  3.46E+01|. ~ 1.27E-02|. 3.46E+01
CAPB-7 7.93E-09] 1.79E+04| 5.25E+09|  1.42E-02 4.16E+01 1.41E-02] ~ 4.16E+01
"|CAPB-8 2.06E-08] 4.46E+04| 1.68E+10 - 9.19E-02]. 3.46E+02 9.10E-02] 3.46E+02
CAPB-9 9.25E-09] 2.55E+04| 9.26E+09 2.36E-02 8.57E+01 2.35E-02 8.56E+01
CAPB-10 8.53E-08] 4.77E+04] 1.72E+10 -4.07E-01 1.47E+03 4.05E-01 1.47E+03
CAPB-11 435E-08| - 3.74E+04| 1.29E+10 1.63E-01 5.61E+02| 1.62E-01|  5.61E+02]
CAPB-12 . 1.70E-06] 1.19E+02| 4.85E+06 2.02E-02 8.25E+00 ~ 2.01E-02 8.25E+00
CAPB-13 2.30E-09| 8.49E+03| 8.36E+08 1.95E-03]  '1.92E+00 1.95E-03 1.93E+00}
CAPB-14 2.26E-06] 1.69E+04] 4.96E+09 3.82E+00f  1.12E+04 3.82E+00] 1.12E+04
CAPB-15 2.12E-06] 4.68E+04] 1.80E+10 9.92E+00f.  3.82E+04| . 9.86E+00|  3.82E+04
~|CAPB-16 1.18E-09{ ~ 1.94E+04| 6.28E+09 2.29E-03] = 7.41E+00 2.27E-03].  7.40E+00
CAPB-17 6.91E-09| - 5.15E+04| 1.98E+10 ~ 3.56E-02 “1.37E+02 3.54E-02| 1.37E+02| .
|CAPB-18 4.61E-10] 2.60E+04] 8.43E+09|  1.20E-03|  3.89E+00 1.19E-03 3.88E+00
CAPB-19 2.43E-08] 5.77E+04] 2.11E+10 1.40E-01 '5.13E+02 1.39E-01}] . S5.12E+02
' 1.47E+01 - 5.26E+04| - 1.46E+01 5.26E+04]
Ratio of Sensitivity Case to Base Case 1.00E+00 "1.00E+00
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‘Appendix E. No Evacuation Case |
Case 6. No Evabulation from EPZ Base Case
Release Frequency | Population| Offsite Population Offsite Population Offsite
Mode Dose Economic Dose Risk Economic Dose Risk Economic
o (y'l) . (person- Cost (3) (person- CostRisk | (person- | CostRisk
. ‘ Sv)*_ _ rem)/y* . ($ry) - rem/y) Sy
.|CAPB-1 9.51E-08] 5.86E-01] - 6.91E+00 5.57E-06} 6.57E-07 5.49E-06 3.63E-01]
CAPB-2 1.27E-08]  1.23E+02| 3.36E+06 1.56E-04 4.27E-02 1.53E-04] ©  9.08E-02{
" |CAPB-3 o 2.39E-09] 1.31E+02]° 3.49E+06 -~ 3.13E-05 8.34E-03 3.06E-05 1.75E-02
"[CAPB4 - 3.29E-09) 1.53E+04| - 4.92E+09]  5.03E-03 1.62E+01 4.94E-03] - 1.62E+01
CAPB-5 2.73E-09] "~ 1.99E+04| 6.15E+09 -5.43E-03 1.68E+01| 5.24E-03 1.68E+01
. |CAPB-6 © 795E-09] 1.65E+04| 4.35E+09 1.31E-02  3.46E+01| . 1.27E-02]  3.46E+01
CAPB-7 7.93E-09| - 1.84E+04] 5.24E+09 "1.46E-02 4.16E+01 "141E-02 '4.16E+01 .
CAPB-§ 2.06E-08] 4.67E+04] 1.68E+10 9.62E-02 3.46E+02| - 9.10E-02 3.46E+02]
CAPB-9 9.25E-09] 2.68E+04| - 9.26E+09 2.48E-02 8.57E+01 2.35E-02]  8.56E+01
|caPB-10 - - .8.53E-08] 5.03E+04] 1.72E+i0 " 4.29E-01 1.47E+03| = 4.05E-01 '1.47E+03
CAPB-11 435E-08] 3.93E+04| 1.29E+10 1.71E-01 5.61E+02 1.62E-01 5.61E+02
CAPB-12 1.70E-06] 1.21E+02| 1.03E+06| 2.06E-02]  ~ 1.75E+00{ 2.01E-02 8.25E+00
CAPB-13 2.30E-09] - 8.68E+03| 8.32E-+08 2.00E-03 1.91E+00 1.95E-03 1.93E+00
CAPB-14 2.26E-06] 1.73E+04| 4.96E+09 3.91E+00 1.12E+04 3.82E+00 1.12E+04
CAPB-15 2.12E-06] 4.97E+04| 1.80E+10 1.05E+01 3.82E+04 9.86E+00 3.82E+04
CAPB-16 1.18E-09] 2.18E+04| 6.28E+09 2.57E-03 7.41E+00 2.27E-03 7.40E+00]
CAPB-17 | ~ 6.91E-09} 5.93E+04| 1.98E+10 4.10E-02]  1.37E+02 3.54E-02 1.37E+02
“{CAPB-18 “4.61E-10]  2.95E+04| 8.42E+09 1.36E-03 3.88E+00 1.19E-03 3.88E+00
~|cAPB-19  2.43E-08] 6.76E+04] 2.11E+10 1.64E-01 5.13E+02 1.39E-01 5.12E+02
B B 1.54E+01 5.26E+04 1.46E+01 5.26E+04|
Ratio of Sensitivity Case to Base Case 1.06E+00 1.00E+00




Radiological Dispersion/Consequence Ahalysis

WSMS-TR-07-0005

For Pilgrim NPS SAMA Analysis REVISION 1
Appendix F. Evacuation Delay Time and Speed Sensitivity Studies |
Case 7.a Six-hour Delayed Evacuation from EPZ (Base Case assumes 40 minute delay)
' ' Base Case-
Release Frequency | Population| Offsite |Population Dose]  Offsite Population Offsite
Mode Dose Economic Risk - Economic Cost | Dose Risk | Economic
(y"l) (person- ~ Cost (53] (pe_rsonérem)/y* Risk ($/y) (person- Cost Risk
Sv)* - " - Tem/y) ($/y)
CAPB-1 9.51E-08] 5.63E-01| 3.85E+06 5.35E-06 3.66E-01 5.49E-06 3.63E-01
CAPB-2 1.27E-08] 1.22E+02| 7.18E+06] - 1.55E-04 9.12E-02 1.53E-04 9.08E-02
CAPB-3 2.39E-09 1.29E+02| 7.31E+06| .- . 3.08E-05 1.75E-02 '3.06E-05 1.75E-02
CAPB+4 3.20E-09] 1.54E+04| 4.93E+09 5.07E-03 1.62E+01 4.94E-03| 1.62E+01
- |CAPB-5 2.73E-09] 2.01E+04] 6.15E+09 5.49E-03 1.68E+01 5.24E-03 1.68E+01}
CAPB-6 7.95E-09] 1.65E+04| 4.35E+09 1.31E-02 3.46E+01 1.27E-02] - 3.46E+01
CAPB-7 7.93E-09] 1.85E+04] 5.25E+09 1.47E-02 4.16E+01 1.41E-02 4,16E+01
|CAPB-8 - 2.06E-08) 4.77E+04] 1.68E+10 9.83E-02 3.46E+02| 9.10E-02 3.46E+02
CAPB-9 9.25E-09] 2.70E+04| 9.26E+09 2.50E-02 8.57E+01 2.35E-02 8.56E+01
CAPB-10 8.53E-08) S5.14E+04] 1.72E+10 4.38E-01 1.47E+03 4.05E-01 1.47E+03] .
CAPB-11 435E-08|° 4.01E+04] 1.29E+10 1.74E-01 5.61E+02 1.62E-01] ©  5.61E+02
CAPB-12 .1.70E-06] 1.22E+02| 4.85E+06 2.07E-02 8.25E+00 2.01E-02 8.25E+00]-
- |{CAPB-13 2.30E-09] 8.62E+03| 8.36E+08 1.98E-03 1.92E+00 1.95E-03f - © 1.93E+00
~ICAPB-14 |- 2.26E-06| 1.72E+04] 4.96E+09 3.89E+00 1.12E+04] - 3.82E+00 1.12E+04
CAPB-15 2.12E-06] 4.96E+04{ = 1.80E+10 1.05E+01 3.82E+04 9.86E+00]  3.82E+04
CAPB-16 - | -1.18E-09] 2.15E+04] 6.28E+09  2.54E-03 7.41E+00 2.27E-03 7.40E+00
CAPB-17 6.91E-09] 5.78E+04{ 1.98E+10 3.99E-02 1.37E+02 3.54E-02 1.37E+02
CAPB-18 4.61E-10| 291E+04] 8.43E+09 1.34E-03 3.89E+00 1.19E-03 3.88E+00
CAPB-19 2.43E-08] 6.53E+04] 2.11E+10 1.59E-01 5.13E+02 1.39E-01 5.12E+02,
' 1.54E+01 5.26E+04 1.46E+01 '5.26E+04
1.05E+00 '

rRatio of Sensitivity Case to Base Case
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Case7.b - Evacuation speed is 0.34 m/s from EPZ (Base Case uses 0.97 m/s)
: : v ’ Base Case
Release Mode | ¥requency | Population Offsite Population Offsite Population Offsite
' ' Dose Economic Dose Risk |Economic Cost] Dose Risk Economic
) (person- Cost ($) (person-- | Risk (3/y) (person- C_dst Risk
o Sv)* . rem)/y* , ~ rem/y) (3/y)
CAPB-1 9.51E-08] 5.61E-01 3.85E+06 5.34E-06] - 3.66E-01 5.49E-06 .3.63E-01
- |CAPB-2 1.27E-08} 1.21E+02) = 7.18E+06 1.54E-04 9.12E-02| -1.53E-04 " 9.08E-02
CAPB-3 - 2.39E-09) 1.29E+02] = 7.31E+06 3.08E-05 1.75E-02 3.06E-05 1.75E-02
- |CAPB-4 - . - 329E-09] 1.55E+04 4.93E+09 5.10E-03 1.62E+01 4.94E-03] - 1.62E+01}.
CAPB-5 - 2.73E-09] 1.97E+04|  6.15E+09 5.38E-03 1.68E+01 5.24E-03 _1.68E+01
CAPB-6 7.95E-09] - 1.63E+04| 4 35E+09 1.30E-02 3.46E+01 1.27E-02 3.46E+01
|CAPB-7 - 793E-09] 1.82E+04 5.25E+09 1.44E-02] = 4.16E+01 1.41E-02 4.16E+01}
{capPB-8 2.06E-08} . 4.73E+04 1.68E+10 -9.74E-02 " 3.46E+02 "9.10E-02}]  3.46E+02
CAPB-9 - 925E-09] 2.61E+04 9.26E+09 2.41E-02 8.57E+01]. - 2.35E-02 8.56E+01
CAPB-10 8.53E-08] 4.95E+04]  1.72E+10 4.22E-01 1.47E+03 4.05E-01 1.47E+03
“{CAPB-11" 435B-08|° 3.88E+04 1.29E+10 1.69E-01]| 5.61E+02 1.62E-01] ©  5.61E+02] .
CAPB-12 1.70E-06f 1.20E+02 4.85E+06 2.04E-02 8.25E+00 2.01E-02] - 8.25E+00]
CAPB-13 "2.30E-09] 8.54E+03 8.36E+08 1.96E-03 1.92E+00 1.95E-03 1.93E+00
CAPB-14 2.26E-06]- 1.70E+04 4.96E+09 3.84E+00 1.12E+04 3.82E+00 1.12E+04
CAPB-15 2.12E-06| 4.80E+04|  1.80E+10]  1.02E+01 3.82E+04 9.86E+00 3.82E+04
CAPB-16- 1.18E-09] 2.00E+04| = 6.28E+09 2.36E-03 " 7.41E+00 2.27E-03 740E+00] -
CAPB-17 = 6.91E-09] 5.33E+04 1.98E+10] - 3.68E-02 - 1.37E+02 3.54E-02] - 1:37E+02
CAPB-18 4.61E-10f  2.69E+04 8.43E+09 1.24E-03 3.89E+00 1.19E-03 - 3.88E+00]
-JCAPB-19 - 2.43E-08] 5.99E+04 2.11E+10 1.46E-01| - ~5.13E+02 1.39E-01] = 5.12E+02
T Yy T T T T 150ER0T) T T5.26EH04 T 1.46E+01- 5:26E+04
“[Ratio of Sensitivity Case to Base Case 1.03E+00 -~ * 1.00E+00 '
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"Appendix G. Economic Index Sensitivity Study ‘
Table G.1 Case 8.a with change to VALWNF ($135,188) Base Case
Release Frequency | Population| Offsite |[Population Dose Offsite Population Offsite
Mode ' Dose Economic Risk Economic Cost | Dose Risk Economic
L h (person- | Cost($) |(person-rem)/y* “Risk (8/y) (person- -| Cost Risk
Sv)* : . ] v rem/y) $y) .
CAPB-1 9.51E-08| - 5.77E-01| 3.82E+06 5.49E-06] . 3.63E-01] -~ 5.49E-06 3.63E-01
-|CAPB-2 1.27E-08] 1.21E+02] 6.78E+06 - 1.54E-04 8.61E-02 1.53E-04] 9.08E-02
CAPB-3 2.39E-09} 1.28E+02| 6.89E+06 3.06E-05 1.65E-02 .  3.06E-05 1.75E-02
CAPB-4 '3.29E-09 . 1.50E+04| 4.29E+09 4.94E-03 141E+01} 4.94E-03 1.62E+01
CAPB-5 2.73E-09] 1.92E+04]| . 5.37E+09 524E-03] - 147E+01] 5.24E-03]  1.68E+01
CAPB-6 7.95E-09] 1.60E+04]| 3.80E+09 1.27E-02] - 3.02E+01 1.27E-02] 3.46E+01
- [cAPB-7 7.93E-09] 1.78E+04| 4.58E+09 1.41E-02 3.63E+01 “1.41E-02]  4.16E+01
CAPB-8 2.06E-08] 4.40E+04| 1.43E+10 9.06E-02 2.95E+02 9.10E-02 3.46E+02
CAPB-9 9.25E-09] 2.54E+04| 8.06E+09 2.35E-02| 7.46E+01 2.35E-02[.  8.56E+01}
. |CAPB-10 8.53E-08| 4.71E+04] 1.47E+10 - 4.02E-01 1.25E+03 4.05E-01 1.47E+03
CAPB-11 | 4.35B-08{ 3.71E+04] 1.11E+10] 1.61E-01 "4.83E+02 1.62E-01 5.61E+02
CAPB-12 1.70E-06| 1.18E+02{ 4.74E+06 2.01E-02 8.06E+00 2.01E-02 8.25E+00
CAPB-13 2.30E-09] - 8.47E+03| 7.30E+08 1.95E-03]. 1.68E+00| 1.95E-03 1.93E+00) -
CAPB-14 2.26E-06] 1.68E+04| 4.33E+09 3.80E+00 -9.79E+03] - 3.82E+00 1.12E+04|
CAPB-15 | . 2.12E-06] 4.64E+04| 1.57E+10 9.84E+00 ..3.33E+04 9.86E+00 3.82E+04
CAPB-16 1.18E-09| ~1.93E+04| 5.49E+09 2.28E-03} 6.48E+00]°  2.27E-03] - . 7.40E+00
CAPB-17 6.91E-09] 5.09E+04| 1.69E+10 3.52E-02] - 1.17E+02] - 3.54E-02 1.37E+02
|CAPB-18 |- ~4:61E-10} ~2.58E+04] - 7.36E+09| - 1.19E=03] - -+ -339E+00| - - 1.19E-03 3.88E+00
CAPB-19 2.43E-08] S5.70E+04| 1.80E+10 1.39E-01 4 37E+02 1.39E-01 5.12E+02
I I S [ 1.45E+01 4.58E+04 1.46E+01 5.26E+04
Ratio of Sensitivity Case to Base Case 9.96E-01 8.72E-01




Radiological Dispersion/Consequéence .Analysis

WSMS-TR-07-0005

For Pilgrim NPS SAMA Analysis REVISION 1
Table G.2 Case 8.b with change to VALWNTF to 2004 basis ($189,041) " " Base Case
Release Frequency| Population Offsite Population Offsite Population Offsite
{Mode , Dose Economic Dose Risk Economic Dose Risk Economic.
(y'l) (person-Sv)* Cost (3) (person- “Cost Risk (person- _Cost Risk -
| rem)/y* (8ly) remty) - | (8ly)
 |CAPB-1 9.51E-08 5.77E-01 3.82E+06 5.49E-06 3.63E-01 5.49E-06 3.63E-01
|CAPB-2 1.27E-08 1.21E+02 7.18E+06 1.54E-04 9.12E-02} 1.53E-04 9.08E-02
CAPB-3 2.39E-09 1.28E+02 7.31E+06 3.06E-05 " 1.75E-02 3.06E-05 1.75E-02
CAPB-4 3.29E-09 1.50E+04 4.93E+09 4.94E-03 1.62E+01 4.94E-03 1.62E+01
CAPB-5 2.73E-09 1.92E+04 6.17E+09 5.24E-03] 1.68E+01 5.24E-03 1.68E+01
CAPB-6 7.95E-09 1.60E+04 4.36E+09 1.27E-02 3.47E+01 1.27E-02 3.46E+01
CAPB-7 7.93E-09 1.78E+04 5.26E+09 1.41E-02 4.17E+01 1.41E-02 '4.16E+01
JCAPB-8 2.06E-08 4.42E+04 1.71E+10 9.11E-02 3.52E+02 9.10E-02f 3.46E+02
CAPB-9 9.25E-09{  2.54E+04 9.32E+09 2.35E-02]  8.62E+01 2.35E-02 8.56E+01
CAPB-10 . 8.53E-08 474E+04] = 1.75E+10 - 4.04E-01 1.49E+03 4.05E-01} = 1.47E+03
 [CAPB-11 4.35E-08 3.72E+04 1.30E+10 1.62E-01 5.66E+02} 1.62E-01 5.61E+02
CAPB-12 1.70E-06 1.18E+02 4.85E+06 2.01E-02f . 8.25E+00 2.01E-02 8.25E+00)
CAPB-13 -2.30E-09 8.48E+03 8.38E+08 1.95E-03 1.93E+00 '1.95E-03 1.93E+00
CAPB-14 2.26E-06 1.69E+04 4.97E+09 3.82E+00 1.12E+04 3.82E+00 1.12E+04).
- |CAPB-15 2.12E-06 4.65E+04 1.85E+10 9.86E+00 3.92E+04 9.86E+00 3.82E+04
CAPB-16 1.18E-09 ‘193E+04] = 6.31E+09 2.28E-03 -7.45E+00 2.27E-03 7.40E+00,
CAPB-17 6.91E-09 5.12E+04]  2.01E+10] . 3.54E-02 1.39E+02 3.54E-02 1.37E+02
CAPB-18 . 4.61E-10 2.58E+04 8.48E+09 1.19E-03 3.91E+00] 1.19E-03 3.88E+00
- {CAPB-19 2.43E-08 5.72E+04 2.15E+10 1.39E-01]  5.22E+02 1.39E-01 S.12E+02
: 1.46E+01 5.37E+04 1.46E+01 5.26E+04
Ratio of Sensitivity Case to Base Case 1.00E+00 1.02E+00

G-2
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From: "Gaukler, Paul A." <paul.gaukler@pilisburylaw.com>
To: "HearingDocket" <HearingDocket@nrc.gov>

Date: Tue, Jun 5, 2007 12:11 PM

Subject: Confirmation that O'Kula Resume is publicly available

This is to confirm that Dr. O'Kula's resume (Exhibit 1 to his
declaration filed in support of Entergy's Motion for Summary Disposition

of Pilgrim Watch Contention 3 in Entergy Nuclear Generation Company and DOCKETED

Entergy Nuclear Operations, Inc. (Pilgrim Nuclear Power Station), Docket USNRC

No. 50-293-LR) is publicly available. Please call or e-mail me if you

need any further information. June 5, 2007 {12:11pm)
OFFICE OF SECRETARY

RULEMAKINGS AND
ADJUDICATIONS STAFF

Docket No. 50-293-LR

Paul Gaukler | Pillsbury Winthrop Shaw Pittman LLP

Tel: 202.663.8304 | Fax: 202.663.8007 | Cell: 301.602.5881
2300 N Street, NW | Washington, DC 20037-1122

Email: paul.gaukier@pilisburylaw.com
<mailto:paul.gaukier@pillsburylaw.com>

Bio: www.pillsburylaw.com/paul.gaukler

<http:/fiwww _pillsburylaw.com/paul.gaukier>
www.pilisburylaw.com <http://www.pillsburylaw.com/>

From: Rebecca Giitter [mailto:RLL@nrc.gov]
Sent: Tuesday, June 05, 2007 11:22 AM

To: Gaukler, Paul A.

Cc: Emile Julian

Subject: Kevin R. O'Kula

Mr. Gaukler,

Thank you for getting back to me so quickly with the information. If
possible, can you please send hearingdocket@nrc.gov

an email confirming that Mr. O'Kula's resume (Exhibit 1) is publicly
available? | appreciate your help.

Rebecca Giitter

Litigation Analyst

Rulemakings & Adjudications Staff
Office of the Secretary

U.S. Nuclear Regulatory Commission

(301) 415-1679

The contents of this message, together with any attachments, are intended only for the use of the
individual or entity to which they are addressed and may contain information that is legally privileged,
confidential and exempt from disclosure. If you are not the intended recipient, you are hereby notified
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