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DSER Open Item Number: 2.3.4-1 Revision 2

Original RAI Number(s): 451.006, 451.006 Rev. 1

Summary of Issue:

The hypothetical reference control room X/Q values calculated by the applicant are listed in
Table 1 5.3-9a of this report. A site selected for an AP1 000 facility should have control room X/Q
values equal to or less than the hypothetical Reference X/Q values shown Table 15.3-9a. In the
event a site selected for the AP1000 design exceeds the hypothetical reference X/Q values, the
COL applicant should demonstrate that the radiological consequences associated with the
design-basis accidents, using its site-specific X/Q values, continues to meet the dose reference
values given in GDC 19 of 10 CFR Part 50. The staff initially asked the applicant if the
methodology and all inputs and assumptions would be evaluated as part of the COL review. The
applicant provided a detailed response stating that the methodology, inputs and assumptions
would be provided by the COL applicant and also provided additional information about the
analysis. The staff issued a second RAI to inquire if the applicant was seeking certification of
any of the AP1000 design values used as inputs to the control room X/Q calculations. The
applicant subsequently provided certain design-specific information that was used as input to
the assessment and for which the applicant was seeking certification. The staff review of this
topic is ongoing, and may reveal other concerns with respect to X/Q. The staff has identified
unresolved issues related to adequate justification for assuming a diffuse release, estimation of
initial sigma values, other release assumptions, building cross-sectional areas, and distances
between release/receptor pairs. This is Open Item 2.3.4-1. This is also COL Action Item 2.3.4-1
since the resultant X/Q values are also a function of the site-specific meteorology which cannot
be reviewed until site selection.

Follow-on Question:

Westinghouse submitted revisions to address this question in DCD Revision 7. The staff had
further questions in response to those revisions, particularly relating to the modeling used in the
demonstration case control room X/Q values.

Westinghouse Response:

The AP1 000 control room X/Q values used in the APO000 dose analyses were based on the
calculation performed for the AP600 Design Certification. This calculation examined a wide
range of site meteorological data and plant orientations to develop a conservative set of X/Q
values for use in the AP600 dose analyses. However, following the issue of Regulatory Guide
1.194 (which provides specific NRC staff guidance on the use of the ARCON96 code for
calculating control room X/Q) it was determined that the the modeling assumptions used for
AP600 did not fully comply with that Regulatory Guide.
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An additional issue is whether the control room X/Q values are being approved for AP1000 as
part of Design Certification. Unlike the offsite X/Q values that were identified as site interface
parameters that the COL applicant would later verify for their site, the control room X/O values
were not identified as a site interface for either the AP600 or AP1 000. Westinghouse agrees
with the NRC that control room X/Q values should be identified as a site interface parameter.
Thus a COL applicant would verify as part of the COL process that the calculated control room
X/Q values for their site are bounded by those assumed in the DCD dose analysis. However,
unlike the site boundary X/O values that are based solely on the site meteorological data, the
control room X/Q values are determined based both on site meteorological data and
assumptions related to plant design features and layout. Westinghouse believes that the
assumptions related to the plant design features are important in ultimately determining
acceptable control room doses for design basis accidents, and therefore should be approved as
part of Design Certification.

Therefore the following approach is being taken to resolve these issues:
1. Bounding control room X/Q values will be established for the AP1 000. These values will be

determined for the various source - receptor locations that are applicable for the various
design basis accidents as appropriate. X/Q values that will still yield doses within the dose
acceptance limits will be calculated consistent with the dose analysis methodology and
assumptions described in the DCD Chapters 6 and 15. Consistent with the approach of
treating the control room X/Q values as interface parameters, Westinghouse will revise some
assumptions described in the current DCD dose analysis to remove excess conservatism to
provide the COL applicant greater flexibility in demonstrating acceptability. These changes
were incorporated in DCD Revision 7; minor additional changes are provided in the attached
DCD markup and will be included in DCD Revision 8.

2. The key control room X/Q modeling assumptions related to the plant design will be added to
DCD Appendix 15A. This was also incorporated in DCD Revision 7, but has been revised in
view of revised modeling techniques now applied; changes are shown in the attached pages
and are to be incorporated into DCD Revision 8.

3. A set of X/O values for typical site meteorology and plant orientation have been calculated in
accordance with the guidance set forth in Regulatory Guide 1.194. The purpose of the
calculation is to define the modeling assumptions for calculating the control room X/Q values
for AP1 000, and will serve as an example of an approved method for the COL applicant to
follow to determine the acceptability of their site to meet the control room X/Q values.
Relevant portions of this calculation are now included in DCD Appendix 15A.

The ARCON96 modeling approach used (as illustrated in attached DCD mark-up,
Table 15.A-7 and Figure 15A-1) is fully in compliance with Regulatory Guide 1.194.

Design Control Document (DCD) Revision:
See attached draft markup of the DCD.

PRA Revision:
None
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2. Site Charneterimtics Al'P1000 1Desitin Control D)ocuminent

ibilowing a rod ejection accident, and for a fiel handling accident occurring inside the containment

5. The listed values bound the dispersion factors for releases from the steam line safety & power-operated relief
valves and the condenser air removal stack. These dispersion factors would he used for evaluating the doses in tie
main control rooxm for a steam generator tube rupture, a main stenat line break a locked reactor coolant punip
rotor, and for the secondary side release from a rod ejection accident. Additionally, these dispersion coefficients
are conservative for the small line break outside containment.

6. The listed '.alules bound the dispersion factors for releases from the fiuel storage andc handling area. The listed
values also bound the dispersion hetors fiprreleasesfrom tdie fuel storage area in the event that spent fuel boiling
occurs and the fI'li building relief panel opens on high temperature These dispersion factors are used for the tWcl
handling accident occurring outside containment and forevaluating the impact of releases associated with spent
fuel pool boiling,

Tier 2 Mlaterial 2- 16 Revision 7
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6. E'nvin"ered Sifety Features APIOO Dt~P1eslto (.oitrol 1)omuneit

Tlle emergency air storage tanks aie sized to proside the required air flow to the main control
roomn pressure boundary br 72 hours. Alter 72 hours. the main control roim is cooled bydrawing
in outside air and circulating it throumgh the rioon, as discussed in subsection 6.42.2..

'3he temperature and humidity in the main control room pressure boundary following a loss ofthe
nuclear island nonradioactive ventilation system remain within limils ibr reliable human
perfomiance (References2 and 31 over a 72-hourperiod. lhe initial values of temperatureirclative
humidity in the MCR are T? I'1- 60 percent. Al 3 hours, when the non- I E battery heat loads are
exhausted, the coiditions are 7S l. -41 percent. At 24 hours, when the 24 hotir battery heat loads
are terminated, the conditions art 84.4'F45 percent. At 72 hours, the conditions are 95.8'17/
39 percent.

Sufficient thermal mass is prov ided in the walls and ceiling oflthe main control room to absorb the
heat generated by the equipment. lights, and occupants. The temperature in tlhe instrumentation
and control roonis and dc equipment rmoms following a loss o(ithe smclear island nonradioactive
ventilation system remains belos icceptable limits as discussed in stibsectioit 64.4. As in thle
main cent rol TOOn. suflicient thermal mtass is provided surroundink, these roomils tlbsoob the heart
generated by the equipment. After 7 hours, the instrumentation and control roomn-s ill be cooled
by drawing in outside air and circulating it throu;h the room. as discussed in subsection 6.4 2.

In the event of a loss of ac power, the nuclear island nonradioactive ventilation syslem isolation
valves automatically close and the main control room emerL'rncy habitability system isolation
valves automatically open. These actions protect the main control room occupants trom apoteitial
radiation release, In instances in which there is no radiological source teln present, the
com plressed air storae tankl;s alre refi llecd v ia a connect ioll to thle b neathable qualitIy air coempressor
in the comipressed andl instrunteitt air systenl (CAS). The comnpressed nir stoniaie tanks can also he
refilled fronm portable supplies by an installed connection in the (AS.

6.4.4 System Safety Evaluation

Doses to main control room personnel were calculated for both the situation in which the
ernergeney habitabilit systemt iVES) is relied upoit to limit the anmount of activity the personnel
are exposedi to and the situation in which tile nuclear island nonradioctive ventilation system
('.BS) is available to pressurize the main controlroom with filtered air and provide recirculation
cleanutip. Doses were calctilated for the following accidents:

Large Ureak 1 OCA
Fue llandling Accident
Steam Generator Tube Rupture

(Pre-existing. iodine spike)
(Acident-initialed iodine spike)

Steam, Line Break
(Pre-eNisting ioline spike)
I(Accident-initiated iodine spike)

Rs(d Ejection Accident

VES Oreratini
4 8 rem J'EDE
4.5 rem TEIM

4.8 rem TEDE
2.1 TeniiTEDE

3.4 rem IEDI'
3.7 rem 'EDE
2 1 rem TEDE

Vh3S operatinui --- onrt"OPetn' tm
~- remt TEDE tio~bvcnuj~ i ~

~.4.rem 111): ~ tm itkt~undd by "VES

-4 rent TEDE
4-. rentm F D)E

.2-1- remnfLrED
4-4 rem rEDEi
4-J- reml TEDE)
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6. Engineered Safely Features AP] OOO Design Control Docurment

VI.-,S Operatimye VBS{rc)p._mtnLm 'VB 3nvahms
Locked Rotor Accident - - j bu~a4.t~l be ~mde by 'yES

fAccident without feedwater available) 0.9 rem TEDE .4 remn TE 1 7
(Accident with ecfdwater available) 0.7 rem TEDE .4-. remin LDE i,

SnlIII Line Break Outside Containment ,L2rem 'HiDE re-m. 4 mi L)-TE _ Detlt: 09

lor all events the dose are within die dose acceptance limit of 5.0 rem TEDE. The details of'
analysis assumptions For modeling the doses to tIhe main contRal room personnel are delineatedin
the LOCA dose analysis discussion in subsection 1 5.65.3.

No radioactive materials are stored ortransported neairthe main control room pressure boundary.

As discusised and evaluated in subsection 9,5. 1. tile use of nonconbustible construction and heat
and flame resistant materials throughout the plant reduces the likelihood of fire and consequential
impact on the mainl control room atmosphere. Aperation of the nuclear island nonradioactive
ventilation system in the event of a fire is discussed in subsection 9.4.1.

Th-e exhaust stacks ofthe onsite standby power diesel generators arelocated in excess of l'5) feet
away from the fresh airintakesofthermain control woni. The onsitestandbypoxwersystem fuel oil
stora LvC tanks are located in excess of 3)(X) feet from the main control room tresh airintakesY'17Tese
separation distatices reduce thepoyssibilily thatconibustion furLesorsmoke fri aln oil fire would
be drawn into the main control room.

The protection of the operators in Ihe unin control room fromn offsite toxic gas releases is
discussed in Section 2.2. The sources ofonsile chemicals are described in Table 6.4-1. and their
locatiomis are shown on Figure 1.2-2. Analysis of ihese sources is in accordance with Regulatory
Guide I 71 (Reference 5)ani the miethodology in NUtREG-t570'. "Toxic VaporConcentrations in
the Control Room Following a Postulated Accidental Releas:"e (Reference 6), and the analysis
showS thalt these sources do not represent a loxic hazard to control room personnel.

A supply of proteetive clothing. respirators. and self-contained breatltingt, apparatus adequate (or
11 persons is stored within the main Control] ooni pressure boundary.

The main control roomn enKergenicylhaitability systemn comiponents discussed in subsection 6.4.2.3
are arranged as shown in l igure 6.4-2. he location of components and piping within the main
controNl roonm prens&sure boimdary provides the required supply of compressed air to (lie main
conitrol roomi pressure boundary. ,6 shown in Figure 6.4-1.

Duting emergency operation, the tmain control roon emergency habitability syvstem passive heat
sinks are designed to limit the temperature inside the main control room to remain wvithin limits
for reliable huian performLnce (References 2 and 3) over 72 hours. The passive hleat sinks limit
the air lemperature inside the instrumentation and control rooms to 1 20IY and de equipmient
rooms to 1 20T.7 The wsalls and ceilings that act as the passive heat sinks cAntain sufficient thermal
mass to accommodate Ihe heat sources fromIi equiptiient. personnel. and lighttig fbr 72 hours.

The maUinl control room emergerncy habitability systemi nominally provides 65 scfmn of ven tilation
air to the main control room from the conmpressed air storage tanks. Sixty scfm orventilatiot flow
is suttficient tI pressurize the control roomi to at least positive IUS-inch water cauge differential

Tier 2 Matemint .4-O Revision 7
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15. Accident Anatvwse APIOOI) IDeign Colntrol Document

Table 15A-6

CON IRRO. ROOM N XMOSPIIERIC DISPERSION FACTlORS ()(IQ)
FOR ACCIDENT" DOSE ANALYSIS

yxlQ IsWin at HVAC Intake for the Identified Release Points("
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Notes:
. These dispersion factors are to be lsed I ) for the time period preceding the isolation ofthie main control room and

actuation of the emeergency habitability system. 2) for the time after 72 hours vwhen the compressed air supply in
the emergency habitability system wouxl be exhausted and ouiside air Would be drawn into the main contro}
roomn, and 3) For the deternmatiaon of control room doses when the non-safety *ventilat~ion systemi is assumed to
remain operable such that the ernergency habitability system is not actuated.

- These dispersion factors are tv bx used wihen the. emnergency habitability systei is in operation and the only path
for outside air to enter the maiun control room is that due to ingresswegress
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15. Accident Anallyses APPI1OO Desin (.ontrol Document

5 The listed values bound the dispersion factors for releases from the steiim line safety & power-OpXrated relief
valves and the condenser air removal stack. These dispersion factors would be used for evaluating the doses in the
main control room for a steam generator tube rupture, a main steam line break, a locked reactor coolant pumnp
rotor, and forthe secondary side release from a rod ejectiDnaccident. Additionally, these dispersion coefficients
are corservative for the small line break outside containment.

6. Tne listed vales boutnd the dispersion factors for releases from the fuel storage and handling tarea T listed
values also bound the dispersion factors for releases from the fuel storage area in the event that spent fuel boiling

,occurs and the fuel building relief'panel opens on high temperature. These dispersion factors are used for the fuel
hundling accident occurrmig outside containment and for evaluating the impact of releases associated with spent
fuel pool boiling.

Westinghouse
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15. Accident Atinltm cs API13011 Desiian Control Ductiment

Table 15A.7

CONTROL ROONM SOUR('IURECEPTOR DATIA FOR DETE1RM1INMrlON OF
ATIMOSPHERIC DISPERSION FACTORS

Straight-Line Distance to eettor (or)

Release Elevation Control Room Annex Building
Source Note I HYAC Intake Access

Description (n) (Elevation 19.9 ni) (Elevation 1.5 m) Continent

Plant Vent '5.7 53.4 941.0 W

P(US Air DiHfuser 71.3 607.

Same as receutor

(ontainnment Shell elevation 0
(Diffuse Area Source) t 19.9 nt or 1.5 l 11.0 t.t Note 2 &

Fuel Building 13lovrtut 17.4 50 89.7 Note I L

Panel

Fuel Building Rail Bay 1 .5 52.4 92 I Note I
Door

Stearn Vent 17 1 18S3 4S8

PORV.Safety Vablves 19C2 19.S 44.1

Condenser Air Rniovti .6 63 599 Note3
Stack

Notes:

. i ottt karrm tc~stce0 eie r txunt ltt(er continmen! %hell to.1 k. ieebr
3. Vertical distance traiveled it ser~isv-ati~vly neidectied..

Fornatted: Left

Deleted. in Equiptcti .

Deleted: 5

4,' Deleted: 5

'o, Deleted: Fortie nman equipment hatch.
it shonld be noted lint the hItch doors am
located stch tAnt any releisc would be intu
ti auxiliary building. lbz relas would
then be required to pIns through doors
into the naescx bui ding ped travel Avongh
the saitvat buildneg betmw macuing the

1 itir irelasc point. The ubtititc
=krse point for the urtin eqiipment hltch
is consideted to be the fround Iic t
nicmrgixy cxit at cohltn 7.8 on Ihe cast

sideo f the =ats buitding lse Figure
15A-iI. Thcreibre the houjeontat distance
of 183 feet mtrled inside thl iute v
buiding is incltded in Ikw storx to
t rceptCor distane. For consevatissm the
venical distance taveled insidc the
buildings is not included.

Deiebd: RCILases from these sotrees
arsi travwel over t building to reach thI

IlVAkf intake Thnrore. thie rtI st'ittg
length overi ic obstructioni o te wsoure is
sed as the souce-to-eccplor disltc

and the source elevation is used fr both
source and rca ptor whn it"o into
ARCOMN9 *
4.. The parpug area tuch dtosi ate
located 5uch ihat arenl acse would be into
the asmility building TkC recase sulkt
theOnobc rtuied to pass through doors
into the anex buiulding ald travel thrugh
the anncx betiding befote remching the
ultiuat tmetase Point. me uttimoute
mecase point for IhC stWing ats= hatch is
considered to be tite siding door in tIhe
eat wall of the annex Wiblitng bcsscen
columns 4 and 4.1 at elevation 10-ti7
(ore Figure 15A-1) Thecrce thc
brironutal ditamc of I! ft inmted
insidc the atcnnx lrnitding ws iincluded in
tlhe satite to receptor distanc Fer
consct atisi. SIte vtc ical distarce
traveled insidW the buildings is not
included 7

S.
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.age 17. o1n Deleted meneetk 10123A03g: XAM

Main Equipment 1.5 106.2 106. I Ntes 2. 3
Aatch = I

Staging Area Hatch- 4.6 89.4 101.6 Notes34
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15. Accident An.tmys" AP1000 De'ign Control Document
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Figurc 1 5A- I

Site Plan ,sith Release and Intake Locations

Tier 2 Matlerinl ISA- I Revision 7
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