April 30, 1992

MFN No. 104-92
Docket No. STN 52-001
SLK-9263

Document Control Desk
U. 8. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Robert C. Pierson, Director
Standardization and Non-Power Reactor Project Directorate

Subject: Additional Tier 1 Design Certification Material for the GE ABWR Design,
Stage 2 Submittal

Reierence: Letter, P. W. Marriott to Robert C. Pierson, "Tier 1 Design Certification
Material for the GE ABWR Design, Stage 2 Submittal,” Docket No. STN
52-001 dated April 6, 1992,

Enclosed are vhirty-four {34) copies of the complete Section 3.7, Radiation Protection of the
Stage 2 GE ABWR Tier 1 Design Certification Material. This submittal supplements the Tier 1
ABWR Design Certification Material transmitted earlier by the referenced letter, which
contained Section 3.7 but without the figures designating radiation zones for the reactor
building, control building, turbine building, and radwaste building..

Sincerely,
(L
R. C. Stirn, Acting Manager

Regulat -, ind Analysis Services
M/C4 - 1., "25-6948

cc: F.A Ross DOE
N. D. Fletcher DOE
C. Poslusny, Jr NRC
R. C. Berglund GE
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- ABWR 0esign Documem

3.7 Radiation Protection

Dosign Description

The ABWR design provides radiauon protecuon features that will keep
exposures for both plant personnci and the general public well below allowable
limits. These low exposure conditions are achieved by an integrated approach
that recognizes the contribution of both shiclding provisions and ventilation
system designs that conrol airborne contaminants. Monitoring of radiation
levels 1s an integral part of the plant radiaton protection strategy.

The plant design provides radiation shielding for rooms, corridors and
operatng areas commensurate with their occupancy requirements and thus
maintains radiation exposures 1o plant personnel as low as reasonably
achievabic Maintenance of plant components is achieved without significant
radiation expozure from adjacent plant systems or equipment by use of shielded
cubicies, labyrinth access and provisions for temporary shielding. Under
acaident conditions, plant shiclding designs permit operators to perform
required safety functions in vital arcas of the plant. In additon to protection of
operaung personnel, the plant design provides radiation shielding which
maintains radiation exposure 1o the general public as low as is reasonably
achievable

Plant venulation systems insure that concentrauon ¢ airborne radionuclides
are maintained at levels consistent with personne! access requirements. In
addiuon, airborne radioacuvity monutonng is provided for those normally
occupied areas of the plant in which there exists a significant potential for
airborne contamination

Inspection, Test, Analyses and Acceptance Criteria

Tables 3.7a and 3.7b provide a definition of the inspections, tests, and/ or
analyses together with associated acceptance criteria which will be undertaken
for the ABWR plant shielding, ventilation and airborne monitoring equipment.
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Table 3.7a: Plant Shielding Design
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment Inspections, Tests, Analytes Acceptance Criteria
1. The plant desigr shall provide radiation 1. An analysis of the expected radiation levels 1. Maximum expected radiation levels are
shielding for rooms, corridors and in each plant area will be performed to well within (25% oy less) of the radiation
operating areas commensurate with their verify the adequacy of the shielding zone designation, for each plant area, as
occupancy requirements to maintain design. This anaiysis shall consider the indicated in Figures 3.7.a through 3.7 cc.
radiation exposures to plant personnel as following:

low as reasonably achievable.

a. Confirmatory calculations shail
consider all significant radiation
sources (greater than 5% contribution)
for &n area. Radiation source strength
in plant systems and components will
be determined based upon an assumed
source term of 100,000 uCurne/second
offgas release rate {after 30 minutes
decay), a 200 uCurie/gram-steam N-16
source term at the vesse! exit nozzle,
and a core inventory commensurate
with a 4005 MWT equilibrium core at
51.6 kwatt/liter. All source terms shali
he adjusted for radiological decay and
buildup of activated corrosion and
wear products.

LE

b. Commonly accepted shielding codes,
using nuclear properties derived from
well known references (such as Vitamin
C and ANSIVANS-6.4) shall be used to
model and evaluate plant radhation
environmerts.

1) For non-complex geometries, point
kernal shietlding codes (such as QAD or
GGG) shall be usad.

2) For compilex geometries, more
sophisticated two or three dimensional
transport codes (such as DORT or
TORT) stall be used

Z68/0E/E
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Table 3.7a: Plant Shieiding Design (Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

2. The plant design shall provide shielded

cubicles, labyrinuh access, and space for
temporary shielding to allow for
maintenance of plant components without
significant radiation exposure from
adjacent plant systems or equipmernt.

The piant radiation shielding design shali
perimil operators to perform required
safety funchions in wital areas of the piant
linciuding access and egress of these
areas) under accwdent conditions.

inspections, Tests, Analyses
1. {Cont.)

¢. in any calculation, a safety factor shail
be apphed based upon benchmark
comparisons of the code and data
collected from known and measured
environment.

Using the methods identif.ed in (1) above,
radiation levels present in are2= where
mantenance is performed shatl be
evaluated for the contnibution from
adyacent high radiation areas and
equipment.

An anatysis of the expected high radiation
levels in each area which will or may
requii e occupancy 1o permit an operator to
aud in the mitigation of or recovery from an
accident {vital area) hatl be performed to
verify the adequacy of the plant shielding
design. This analysis shall use
calculational methods consistent with (1. b)
above and a radiation source term
{adjusted for radwact:ve decay) based on
the following:

a. Lqud comaining systems: 100% of
the core equilibrium nobie gas
mnventory, 50% of the core equilibrium
halogen inventory and 1% of all others
are assumed to be mixed in the reactor
coolant anc recirculation liquids
recirculated by the residual heat
removal system (RHR), the tugh

Z.

3

Shetding design (with temporary sheelding
instalied, where appropriate} s such that
rachation from adjacent areas shail
comtribute no more than a small fracthon
(10% or less) of the radhation fieid ntensity
or less than 0 06mrem/hr whichever s
larger, in plant areas where maienance is
performed.

Under acadent condmons, radia®-on
shielding design allows access, oucupancy
and egress of vital areas such that
personnel radhaton exposures do not
exceed 5 rem 10 the whole booy o its
equivaient, for the duration of the accident
{based on the required frequency of access
to each vital area). For areas requinng
CONLINUOUS CCcupancy (such as the control
rao ). local radiation hot spots shall not
exced 15 mremihr (averageo over 30
days)
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Table 3.7a. Plant Shieiding Design (Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Desigis Commitment

The piant design shall provide radiation

Inspections, Tests, Analyses
3. {Cont.)

pressure core flcoder (HPCF), and the
reactor core isolation cooling (RCIC)
systems.

b. Gas containing systems. 100% of the
core equitibrivm noble gas nventory
and 25% of the core equilibrium
halogen activity are assumed to be
mixed in the containment
atmosphere. For vapor comaining
systems {such as the man steam hines)
these _ore inventery fractions are
assumed 1o be contamed in the reactor
coolant vapor space.

4. Using the methods identified in (1) above,

shielding to maintamn radiation exposure 10 the radhation dose to the maximaliy
the general public as low as is reasonably exposed member of the general pubhic
achievabie. from direct and scattered shall be

cetermined.

Acceptance Critena

The radiation dose 1o the maxunally
exposed member of the oublhc 1s 3 simall
fraction (10% or less) of the dose himat 16 a
member of the publc histed in 40CF 3190
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inspections, Tests, Analyses and Acceptance Criteria

Plant design shall provide adequate
containment of airborne radioactive

matenals and the ventilation system will

ensure that concentrations of girborne
radionuchdes are maintained at levels
consistent with personnel access
requirements.

Table 3.7b: Ventilation And Airborne Monitoring

Inspections, Tests, Analyses

1. Expected concentrations of airborne
radioactive materia! shail be calculated by

nuchde for normal plant operations,

anticipated operational occurrences for
each equipment cubicle, corndor, and
operating area requirnng personnel
access. Calculations shall consider:

a

Dassgn ventilation fiow rates for each
area,

Typical leakage charactenstics for
equipment located in each area, and

A radhation source term in each fluid
system shall be determined based
upon an assumed offgas rate of
100,000 Cune/second (30 minute
decay) appropriatel s adjusted for
radiciogical decay and buildup of
activated corrosion and wear products

. ‘

1. Calculation of radioactive airborne
concentration shall demonstrate that

a

For normally occupied rooms and
areas of the plant (i.e. those areas
requinng routine access to operate and
mamtain ¥ e plant} egquibbnum
concentrations of awborne nuchdes will
be a small fraction (10% or less) of the
occupatonal concentration liymits histed
in 10 CFR 20 Appendix B.

For rooms thay requice infrequent
access {such as for non rovtine
equipment mamtenance), the
ventilanon system shall be capable of
reducing radhoactive awrborne
concentrahons to {(and mamtaming
them at) the occupanonal
concentrabon kmuts histed wn 10CFRZ0
Appendix B during the penods that
OCcupancy 1s required.

For rooms that seldom require access
{such as tank rooms), piant design shall
provide sufficient contamnment and
ventilaticn 1o ensure atrborne
contamnation does not spread 1o other
areas



Table 3.7b: Ventilation And Airborne Monitoring (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment Inspections, Tesis, Analyses Acceptance Criteria
2. Airborne radioactivity monitoring shall be 2. An analysis shall be performed to identify 2. Airborne radioactivity monitoring system
provided for those normally occupied the p!ant areas that require airborne shait:
areas of the plant in which there exisis as radhoactivity monitoring.
significant potential for airborne a. Have he capainiity of detecting the
contamination (greater than 0.1 per year) time integrated change in

concentrations of the most imiting
particulate and wodme radionuchdes in
each area equivalent to the
occupatonal concentration hmits in
1CCFR20, Appendix B for 10hours

b Prowwde a calibrated response,
representatwie of the concentrations
within the area (LE. awr sampling
MONROS i ventiiativon exhaust
streams shall collect and isokinetic

(o

Py sample)

(s 3]

¢ Prowide local audibie alarms ivisual

alarms i hugh noise areas) with
vanable alarm set points, and readout/
annunciation capabdity in the control
room
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