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3.7 Radiarion Protection

. Design Description

Inspection, Test, Analyses and Acceptance Criteria
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Tabie 3.7a: Plant Shieiding Design

inspections, ) ests, Analyses and Acreptance Criteria

Certified Design Commitment

The plant design shall provide radiation
shielding for rooms, corridors and
OCCUPancy requirements t0 maintain
radiabion exposures to plant personnel as
low as reasonably achievabils.

1

Inspections, Tests, Ansiyses

An analysis of the sxpacted radiztion leels
m each plant area will Se carformed W
verify tive adequacy of the shweiding
dasign This anatysis shall consider the
following’

8. Confirmatory calculations shall
consider ali signeficant radiztion
sources (greater than 5% contribution)
for an area. Radiation source strength
in plant systems and components will
be determined based upon an assumed
source term of 100,000 uCune/second
offgas release rate (after 30 minutes
decay), 8 200 pCune/gram-steam N 16
vource term at the vessel exit nozzle,
and a core inventory commensurate
with a 4005 MWT squdlibnium core at
51.6 kwatt/liter. Ali source terms shall
be adjusted for radiclogical decay and
buidup of activated corroson and
wear products.

b. Commonly accepted shielding codes,
using nuciear properties dernved from
weill known references (such as Vitamin
C and ANSIANS 6.4) shall be used t0
mode! and evaiuate plant radiation
environiments.

1} For non-compiex geometnes, pont
kernal shelding codes (such as QAL or
GGG) shall be used.

transport codes (such as DORT or
TORT) shall be used.

Acceptance Cntena

Macmum expected radhation levels are

well wathun (25% or less) of the radhation
one des:gnation. for each plant ares. as
indicated n Figures 3.7 .a through 3.7 bb.
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Table 3.7a: Plant Shielding Design (Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

2. The plant design shall provide sheeided

The plant radkation shuelding design shaii
permat operators to perform requered
safety functions in vitai areas of the plant
tinciuding access and egress of these
areas) under accident condmions.

inspections, Tests, Analyses
1. (Cont )

c. In any calculat on, a safely factor shall
be apphad based upon benchmark
comparisons of the code and data
collected from known and measured
environments

Using the methods «dentthied in (1) above,
rachat,un ieveis present in areas where

An analysis of the expectcd huwgh radhation
levels m each area whch will or may
reguire OCCUPancy 10 permist an operator to
ad i the mtigation of or recovery from an
accwdent {vital areal shall be performed to
verify the adequacy of the piant sheelding
design. Trss analysis shall use
calcglational methods consistent with (1.b)
above and a radiaton source term
{adyusted for radwoactive decay) based on
th~ following.

a Ligud contamming systems. 100% of
the core equilibrium nobie g. .
nventory, 50% of the core equiibrium
halogen mventory and 1% of all others
are assumed to be mixed n the reactor
coolant and recirculation hquids
recircuiated by the residual heat
removal system (RHR], the high

Shielding design twath temporary sheeiding
mnstalled, where appropnatel s such that
radsation from adjacent areas sha'l
contrrbute ng more than a small fraction
(10% or less) of the radhaton hiekd intensity
or less than 0 06mremvhr whichever s
iarger. n plant areas where mamntenance s
performed

Under acodent condmons, radiation
shueidmng design allows access, occupancy
and egress of wital areas such that
personnel radiation exposures 4o not
exceed 5 rem to the whole body, or s
equvalent, for the duration of the acodent
{based on the required frequency of access
to each vaal area). For areas requinng
contmMmuous occupancy (such as the control
roomi, local radhanion hot spots shall not
exceed 15 mremy/hr (averaged over 30
days).
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Table 3.7a: Plant Shielding Design (Continued’
Inspections, Tests, Analyses z2nd Acceptance Criteria

Certified Design Cominitment

The plant design shall prowvide radiation
shielding 1o maintain radation exposure 1o
the general public as low as 1s reasonably
achievabie,

inspections, Tests, Analyses Acceptance Criteria
3. (Cont)

pressure cere fiooder (HPCF), and the
reactor core isolatron coobng (RCIC)
systems.

b. Gas containng systems: 100% of the
core equiibrivm noble gas inventory
and 25% of the core equilibnium
halogen activity are assumed to be
mixed in the contanment
atmosyphere. For vapor comtaiming
systems (such as the man steam hnes)
these core nventory fractions are
assumed to be contained n the resctor

coolant vapor space.
4. Using the methods identified in { 1) above, 4 The radhation dose to the maximaly
the radiatic: dose to the maximally exposed member of the pubhc 15 a small
exposed member of the general puoic fraction (10% or less) of the dose it 1o a
from dwec? and scattered shall be member of the publc hsted n SOCFRTN
determinad.
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Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

Plant design shall provide adequate
containment of airburne radicactive

materials and the ventiiation system wiil

ensure that concentrations of airborne
radwonuchdes are maintaned at leveis
consistent with personnel access
requirements.

Table 3.7b: “entilation And Airborne Monitoring

irspections, Tests, Analyses

1. Expected concentratians of awborne
rad.oactive matenal shall ba calculated by
nuchide for normai piant operations,
anticipated operationa! occurrences for
each equipment cubicie, corndor, and
operanng area requinng personnel
access. Calculations shall conswder

a. Design ventilation flow rates for each
area,

b. Typwal leakage charactenstics for
equipment located in each area, and

¢. A radhaton source term in each flund
system shall be determuned based
upon an assumed offgas rate of
100,000 Curte/second (30 munute
decay) appropnately adjusted for
rachoiogical decay and buridup of
actwvated corrosion and wear products

. -

Acceptance Cteria

1. Calkuiation of radioactive arborne
concentrabion shail demonstrate that

For normanly occupeed rooms and
areas of the plant {1Le. those areas
requimyg rouling access to operate and
mamtam the plant) equiibrium
concentratons of airrborne nuchdes will
be a small fracton {10% or less) of the
occupational concentration limits histed
w: 10 CFR 20 Appendix B.

For rooms that requere nfrequent
access {such as for non-routine
aqument mamtenance), the
ventilation system shall b capaibile of
reducing rasoacthive arbarne
concentrations to (and mamrtarn
them at) the occupational
concentration himuts bsted wn 10CFR20
Appendix B dunng the penods that
oCCupancy 1s reguired

For rooms that seldom requure access
(such as tank rooms), plamt deswgn shall
prownde sufficient containment and
ventiiation tc ensure arrborme
contammation does not spread 10 other
areas.
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Table 3.7b: Ventilation And Airborne Monitoring {Continued)

Inspections, Tests, Analyses ar.d Acceptance Criteria
inspections, Tests, Analyses

7 An anaiysis shall be performed to wdentify
the plant areas that require awrborne

Certified Cesign Commitment
2. Asrborne radioactivity monitoring shali be
provided for thosa normally occupied
areas of the plant in which there exists as
signeficant potential for airborne
comamnation {greater than 0.1 per year)

radwoactivity monitonng.

. Crizori

2. Awborne radioactivity monitosing sysizm
shait:

Have the capabidity of detecing the
fime integrated change .n
concentrations of the most imiting
particulate and wdne radhonuchdes n
each area equivalent 1o the
occupanonal concentration hrmts in
10CFR20, Appendix B for 10hours.

Prowvide a calibrated response,
repiesentatvie uf the concentrations
withen the area LLE. asr sampling
mOMtors i ventiiabon exhaust
streams shall collect and sokinetic
sample)

Provide local rudible alarms (visual
alarms in hagh nosse areas! with
vanable alarm set pomnis, and readout/
annuncCiation capabtnlly n the control
room
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-ABWR
Standerd Plant

Section

1231
12311
12312
12313
12314
123141

123142

123143
123144
123145
1232
12321
12322
123221
123222
12323
1233
12331
12332

123321

Amendment 20

SECTION 12.3
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12.3 RADIATION PROTECTION
DESIGN FEATURES

12.3.1 Facility Design Features
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ALARA. An example of this situation is the
RWCS circulation pumps. Pumps adjacent 1o
other highly radioactive aquipment are also
shiclded to reduce the maintenance exposure,
for example, in the radwaste system,

Whenever possible, operation of the pumps
and associated valving for radioactive
systems is accomplished remotely. Pump
control instrumentation is iocated outside
high radiation areas, and motor- or
pneumatic-operated valves and valve
extension stems are employed to allow
operation from outside these arcas.

Instrumentation

Instruments are located in low radiation
arcas such as shielded valve galleries,
corridors, or control rooms, whenever
possible. Shiclded valve galleries provided
for this purpose incluce those for the RWCS,
FPCC, and radwaste (cleanup phase sepa-ator,
spent resin tank, and waste evaporator)
systems. Instruments required to be located
in high radiation arcas due to operations
requirements are designed such that removal
of these instruments to low radiation areas
for maintenance is possible, Sensing lines
are routed from taps on the primary system
in order to avoid placing the transmitters
or readout devices in high radiation arcas.
For example, reactor water level as well as
recirculation system pressure sensing
instruments are located outside the drywell.

Liquid service equipment for systems
containing radioactive fluids are provided
with vent and backflush provisions.
Instrument lines, except those for the
reactor vessel, are designed with provisions
for backflushing and maintaining a clean
fill in the sensing lines. The reactor
vessel sensiag lines may be flushed with
condensate following reactor blowdown.

Heat Exchangers

Heat exchangers are consiructed of stainless
steel or Cu/Ni tubes to minimize the pos-
sibility of failure and reduce maintenance
requiremerts. The heat exchanger design
allows for the complete drainage of fluids
from the exchanger, avoiding pooling effects

Amendment 20
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that could lead to radioactive cvud deposi-
tion. Connections are availabie for conden-
sate or demineralized water flushing of the
heat exchangers  For the reactor water
clean up (CUW) system, separate connections
are provided to chemically decontaminate
bath the heat exchangers (both regenerative
and non-regenerat’ ve) and the pumps. The
other main heat exchangers (RKR and RIP) ace
provided connections by which the exchangers
can be flushed with clean water. The last
main hest exchanger, the tucl pool heat
exchanger, is downstream of the filter
demineralizer and is therefoie rot subjocted
to flows containing significant amounts of
fission or ¢ ivation products. ln all
cases, the pumps directly invelved witk the
heat exchaagers are also isling for decon.
tamination with the exchangers.. Instru-
mentation and valves are remotely operable
to the maximum extent possible in the
shiclded heat exchanger cubicles, to reduce
tue nced for entering thesy high radiation
areas.

Valves

Valve packing and gasket material are
selected on a conservative basis, accounting
for environmental conditions such as
temperature, pressure, and radiation
tolerance requirements to provide a long
operating life. Valves have back seats to
minimize the leakage through the packing.
Straighi-through valve configurations were
selected where practical, over those which
exhibit flow discontinuities or internal
crevices to minimize crud trapping. Teflon
gaskets are not used.

Wherever possible, valves in svstems
containing radioactive fluids are separated
from those for "clea. services to reduce
the radiation exposure .rom adjacent valves
and piping during maintenance,

Pncumatic or mechanically operated valves
are employed in high radiation areas,
whenever practical, to mimimize the need for
entering these areas. For certain
situations, manually operated valves are
required, and in such cases extension valve
stems are provided which are operated from a
shiclded arca. Flushing and drain provi-
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which are sources of radiation whenever
possible. For systems that have components
that are major sousces of radiation, piping
and pumps are located in separate cubicles
1o reduce exposure from these components
during maintenance. These major radiation
sources are also separately shielded from
each other.

Contamination Control

Contaminated piping systems are welded to
the most practical extent to minimize leaks
through screwed or flanged fittings. For
systems containing highly radioactive
fluids, drains ai. hard piped directly to
equipment drain sumps, rather than o allow
contaminated fluid to flow across the floor
to a floor drain. Certain valves in the
main steam line ate also provided with
leakage drains piped to equipment drain
sumps to redu’  contamination of th” steam
tvanel. Pump casing drains are employed on
radioactive systems whenever possible to
remove fluids from the pump prior to
disassembly. In addition, provisions for
flushing with condensate, and in especially
contamirsted systems, for chemically
cleaning th  ‘quipment prior to maintenance,
are providec

The HVAC system is designed to limit the
extent of airborne contamination by
providing air flow patterns from areas of
low contaminat.on to more contaminated
arcas. Penctrations through outer walls of
the building containin~ radiation sources
are scaled to prevent miscellaneous leaks
into the environment. The equipment drain
sump vents are fitted with charcoal
canisters or piped directly to the radwaste
HVAC system to remove airborne contaminants
evolved from discharges to the sump. Wet
transfer of both the steam dryer and
scparaior also reduces the likelihood of
contaminants on this equipment being
released into the plant atmosphere. In
arcas where the reduction of airborne
contaminants cannot be eliminated
efficiently by HVAC systems, breathing air
provisions are provided, for example, for
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CRD removal under the reactor pressure
vessel and in the CRD maintenance room

Appropriately sloped floor drains are
provided in shieided cubicles and other
arcas where the potential for a spill exists
to limit the extent of contamination. Curbs
are also provided to limit contamination and
simplify washdown operations. A cask
decontamination vault is located in the
reactor building where the sper ., vask
and other equipment msv be clean . The CRD
maintenance room i+ used for disassembling
control rod drives to reduce the
contamination potential.

Considercticn is given in the design of the
plant for reducing the effort required for
decontamination. Epoxy-type wall and floor
coverings have been selected which provide
smooth surfaces to case decontamination
surfaces. Expanded metal-type floor
gratings are minimized in favor of smooth
surfaces in areas where radioactive spills
cou'd occur. Equipment and floor drain
sumps are stainless steel lined to reduce
crud buildup and to provide surfaces casily
decontaminated.

12313 Radiation Zoning

Radiation zones are establ. '2d in all arcas
of the plant as a function of both the access
requirements of that area and the radiation
sources in that area. Operating activities,
inspection require=nts of equipment,
maintenance activities, +~4 abnormal operating
conditions are considered in determining the
appropriate zoning for a given area. The
relationship between radiation zone designations
ana accessibility requirements is presented in
the following tabulation:

Zone

Desig- Dose Rate  Access

nation (mR~m/hr)  Description

A < 06 Uncoatrolled, unlim-
ited access

B < | Controlled, unlim-
ited access

1235
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Zone

Desig- Dose Rate

C <$ Controlled. limited
nccess, 20 hr/wk

D <25 Controlled, lunited
acce ., 4 hr/wk

Controlled, limited
access, | hr/wk

Controlled access,
Authorization
re~red.

The dose rate applicable for i articular zone
is based on operating experience and represents
design dose rates in a particular zone, and
should not be interpreted as the expected dose
rates which wouaid apply in all portions of that
zone, or for all types of work within that zone,
or at all periods of entry into the zone. Large
BWR plants have been in operution for two
decades, and operating experience with similar
design basis numbers shows that only a small
fraction of the »9CFR20 maximum permissible dose
is received in such zones from radiatior sources
controlled by equipment layout or the structural
shiciding provided. Therefore, on a practical
basis, a radiation zoning approach as described
above accomplishes the as low as reasonsbly
achievable objectives for doses as required by 10
CFR 20.1(¢). "vne radiation zon. maps for this
plant with zone designations as described in the
precediug tabulations are contained in Figures
12,31 through 12.3-22 and 12.3-37 through
12.3-55,

Access 1o areas in the plant is controlled and
regulated by the zoning of a given area. Arcas
with dose rates such that an individual would
receive a dose in excess of 100 mRem in a period
of one hour are locked and posted with “High
Radiation Area® signs. Entry to these areas is
on & controlled basis. Arcas in which an
individual would receive a dose in excess of §
mRem up to 100 mRem within a period of one hour
are posted with signs indicating that this is a
radiation arca and include, in certain cases,
barriers such as ropes or doors,
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12214 Implementation of ALARA

In this subsection, the implementation of
design considerations to radioactive systems for
mainiaining personnel radiation exposures as low
as reasonably achievable is described for the
following five systems:

(1) Reactor water clesnup system;

(2) Residual heat removal system (shutdown
cooling mode);

(3) Fuel pool cooling and cleanup system,
(4) Main sicam; and

(5) Standby gas treatment system
123.1.4.1 Reactor Water Cleanup System

This system is designed to operate
continuously to reduce reactor water radioactiver
contamination. Components for *his system are -
located outside the containment and include
filter demineralizers, a backwash receiving
tank, regenerative and nonregeneralive heat
exchangers, pumps, and assovieted valves.

The highest radiation level components
include the filter demineralizers, heat
exchangers, and backwash receiving tank. The
filter demineralizers are located in separate
concrete-shielded cubicles which are accessible
through shiclded hatches, Valves and piping
within the cubicles are reduced to the extent
that entry into the cubicles is not required
during any opera ional phase. Most of the
valves and piping are located in a shielded
valve gallery adjacent to the filter
demineralizer cubicles. The valves are remotely
operable to the greatest practical extent to
minimize entry requirements into this area. The
RWCS heat exchangers are also located in a
shielded cubicle with valves operated remotely
by use of extension valve stems, or {rom
instrument panels located outside the cubicle.
The backwask tank is shiclded separately from
the resin transfer pump, permitting maintenance
of the pump without being exposed to the spent
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resins contained in the backwash tank. The pump
valves are operated remotely from outside the
cubicle.

The RWCS system is provided with chemical
cleaning connections which can utilize the
condensate system to flush piping and equipment
prioc to maintenance. The RWCS filter
demincralizer can be remotely back-flushed to
remove spent resins and filter aid material, 1l
additional decontamination is required, chemical
addition connections are provided in the piping
to clean piping as well as equipment prior to
maintenance. The backwash tank employs an
arrangement to agitate resins prior (o
discharge. The tank vent is fitted with &
charcoal filter canister to reduce emission of
radioiodines into the plant atmospher- T« HVAC
system is designed to limit e sy 4
cont (inants from these shiele 4 < o
maint® ming # negative pressure v Ry oo g
relative 1o the surrounding arcas.

Pirsonnel sccess to the cubicles Vor
maintenance of these components is o
controlled basis whereby specific restrictions
and controls are implemented to minimize
personnel exposure.

123142 Residual Heat Removal System
(Shutdown Cooling Mode)

In the shutdown cooling mode, the system is
placed in operation to recirculate reactor
coolant to remove reacior decay heat following
the period of approximately 2 to 4 hours after
shutdown. During power operation, the system is
not in use except for flow testing to and from
the suppression pool, Therefore, there is no
reactor coolant flow through th- system and only
traces of residual radioactive contamination may
exist from prior operation.

System components are located in the reactor
building and include three RHR pumps and three
heat exchangers, which are actively used in the
shutdown cooling mode. The heat exchangers and
associated pumps work independently of the oiher
pump and heat cxchangers and are located in
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separate concreie-shielded cubicles. The
cubicles are accessible through labyrinths which
reduce radiation levels outside the cubicle to
acceptable levels. A knockout wall conciructed
of vertically and horizontally lapped crucrete
blocks is provided for pump removal. A concrete
hateh is provided through the roofl of the
cubicle for heat exchanger removal. Highest
radiation levels occur at the heat exchangers
wuring the cooldown period (1/2 to 4 hours after
shutdown). During all other operation and plant
shutdown periods, the radiation level near these
components is considerably decreased,

Access to the RHR pumps and heat exchangers
for any inspection or maintenance is permitied
on a controlled basis. System maintenance is
performed during periods of system shutdown when
w0 reactor coolant is being circulated through
ti tstem. Spedific restrictions and controls
Joo gersonnel entry into the shielded cubicles
svs Lioplemented to wanimize personnel
exposuses. Inspection of the equipment in these

cubicles can be conducted from platforming about

the heat exchangers to <implify (a2 pection of
this equipment and consequently 1educe the
exposure during inspection,

The reactor building is not used exclusively
for radioactive equipment or systems. However,
all components of the system, as described, are
contained within shielded cubicles. This
shielding is sufficient to reduce the radiation
level during the shutdown mode of operation to
less than S mR /hr in adjacent arcas where clean
components, materials, or equipment are located.

System control panels and instrumentation are
located io the maia control room. This pre-
cludes exposure to the control operator during
operation of the system for plant cooldown.

12.3.1.43 Fuel Pool Cooling and Cleanup
System

This system is designed to operate
continuously to handle the spent fuel cooling
load and to reduce pool water radioactive
contamination,
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The system components are located in the
reactor building, Included are two filter
demineralizer units which serve to remove
radioactive contamination from the fuel pool and
supprossion water. These units gre the highest
radiation level components in the system. Each
unit is located in a concrete-shielded cubicle
whica is accessible through a shielded hatch.
Provisions are made for remotely backflushing the
anits when filter and resin material are spent.
This removal of radioactively contamiaated
material reduces the component radiation level
considerably and serves to minimize exposures
during maintenance. All valves (inlet, outlet,
recycle, vent, and drain) to the filter
demineralizer units are located outside the
shielded cubicles in a separate shiclded cubicle
together with associated piping, headers, and
instrumentation, The radiation level in this
cubicle is sufficiently low to permit required
maintenance to be performed. Piping potentially
containing resin is continucusly sloped downward
to the backwash tank.

The backwash tank is shared with the RWCS (see
Section 12.3.1.4.1), The svstem also includes
two low radiation level hewt exchangers and two
circulation pumps. The heat exchangers’ design
radiation levels are low enough to locate them in
an open alcove area. The pumps are located in a
low radiation arca adjacent to the shielded
backwash tank. System piping is routed so as not
o comproniise zoning requirements as established
in the radiation zone maps.

All of the aforementioned shielded system
components are consolidated in the same section
ol the reactor building. Personnel access to
shiclded system components is controlled to
minimize personnel exposure, Shielding for the
components is designed to reduce the radiation
level to less than | mR/hr in adjacent areas
where normal aceess is permitted. Controlled
arcas where the new resin tank, Flter aid tank,
and pumps are located, are shielded to less than
S mR/hr,

Operation of the system is accomplished from
the MRC and local control panels located where
designed radiation levels are less than | mR /hr
and normal personnel access is permitted.
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120144 Main Steam System

All radioactive materials in the main steam
system, located in the man steam-feedwater pipe
tunnel of the reactor buildings, result from
radioactive sources carried over from the
reactor during plant operation, including high
energy short-lived Nitrogen-16. During plant
shutdown, residual radioactivity from prior
plant operation is the radiation source.

Access 1o the muin steam pipe tunnel in the
reactor building is controlled. Entry into the
reactor building steam tunnel is through a
controlled personnel access door shielded by a
concrete labyrinth to attenuate radiation
streaming from the steam lines to adjoining
arcas. During reactor operation, the steam
tunnel is not accessible except in the hot
standby conditions under regulated access

Leakage from selected valves on to
surrounding areas is minimized by providing
valve drains piped to equipment drain sumps. ~
Floor drains are provided to minimize the spread
of contamination should a leakage occur.

Penetrations through che steam tunnel walls
are minimized 10 reduce the streaming paths made
available by these penetrations. The blowout
panels for the steam tunnel are loceted in the
relatively inaccessible upper section of the RHR
heat exchanger shielded cubicles which are
controlied access areas. Penetrations through
the steam tunnel walls, when they are required,
are located 5o as to exit in controlled access
areas of in areas that are not aligned with the
steam lines. A lead-loaded silicone foam is
employed whenever possible for these
penetrations to reduce the available streaming
arca presented.

123145 Standby Gas Treatment System

The standby gas treatment system treats the
reactor building ventilation air in the event of
the release of radioactivity to this building.
The system contains radioactivity only in the
event of an emergency of abnormal condition
However, it is a potential source of concen-
trated radioactivity following such an
occurrence.
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12.3.2 Shielding
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Slielding design is based on fission product
quantities in the coolant corresponding to
the design basis off-gas release, in
addition to activation products. This is
considered an anticipated operational
pecurrence, and hence represents
conservatism in design. For components
where N-16 i the major radiation source, a
concentration based upon operating plant
data is used,

Effort is made to locate processing
cquipment in a manner which minimizes the
shiclding requircments, Shielded labyrinths
are used to elimirate radiation streaming
through access ways from sources located in
cubicles.

Penctrations through shield walls are
located so0 as to minimize the impact on
surrounding areas due to radiation streaming
through the penctrations. The approaches
used to locate and shield penetrations, when
required, are discussed in Subsection
12.3.1.2 (1),

Wherever possible, radioactive piping is run
in a manner which will minimize radiation
exposure to plant personnel. This involves:

(a) minimizing radioactive pipe routing in
cornidors;

(b) avoiding the routing of high-activity
pipes through low-radiation zones;

(¢) use of shielded pipe trenches and pipe
chases, where routing of high-activity
pipes in low-level areas cannot be
avoided, or if these are not available
and the pipe routing permits, embedding
the | pes in concrete walls and floor,;
and

(d) separating radioactive and
nonradioactive pipes for maintenance
purposes.

To maintain acceptable levels at the valve
stations, motor-operated or diaphragm valves
are used where practical. For valve
maintenance, provision is made for draining

Amendment 10

e e

BABIIAL

and Nushing associated equipmant so that
tadiation exposure is minimized. I manual
valves are used, provision is made for
shielding the operator from the valve by
use of shield walls and valve stem
extensions, where practicable
(7) Shiclding is provided to permit access and
occupancy of the control room to ensure
that plant personnel exposure following an
accident does not exceed the guideline
values set forth in 10CFRS0, Appendix A,
Criterion 19. The analyses of the doses (o
Control Room personnel for the design basis
accidents are included in Chapter 15.
(8) The dose at the site boundary as a result
of direct and scattered radiation from the
turbine and associated equipment is
considered.
(9) In sclected situations, provisions are made
for shielding major radiation sources

during inservice inspection (o reduce -

exposure to inspection personnel. For
example, steel platforms are provided for
IS1 of the RPV nozzle welds ar { associated

piping.
(10) The primary material used for shielding is
concrete at & density of 2.3 gr/cm-‘.
Concrete used for shielding purposes is
designed in accordance with Regulatory
Guide 1.69. Where special circumstances
dictate, steel, lead, water, lead-loaded
silicone foam, or a boron-laced refractory
material is used.

(11) There is no field-routed piping in the ABWR
design. Large and small piping, as well ac
instrument tubing, are routed by designers
as indicated in the preceding paragraph
(5).

123222 Method of Shietding Design

The radiation shield wall thicknesses are
determined using basic shielding data and proven
shielding codes. A list of the computer
programs used is contained in Table 12.3-1, The
shiclding design methods used also rely on basic
radiation transport equations contained in
Reference 1. The sources for basic shielding
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data, such as cross sections, buildup lactors,
and radioisotope decay informacion, are lsted in
References 2 through 10,

The shielding design is based on the plant
operating at maximum design power with the
release of fission products resulting in & souice
of 100,000 mCi/sec of noble gas after a M0
minute decay period, and the corresponding
activation and corrosion product concentrations
in the reactor water listed in Section 11.1.
Radiation sources in various pieces of plant
equipment are cited in Section 12.2. Shutdown
conditions, such as fuel transfer operation, as
well as accident conditions, such as a LOCA or an
FHA, have also been considered in designing
shielding for the plant.

The mathematical models used to represent a
radiation source and associate eguigment and
shielding are established to ensure conservaive
calculational results. Depending on the
versatility of the applicable computer program,
vatious degrees of complexity of the actual
physical situation are incorporated. In general,
cylindrically shaped equipment such as tanks,
heat exchangers, ¢nd demineralizers are
mathematically modelled as truncated cylinders.
Equipment intervals are sectionally womogenized
1o incorporate deasity variations where
applicable. For examg ', the tube bundle section
of a heat exchanger ¢xhibits a higher density
(han the tube bundle clearance circle, due to the
tube density, and this variation is accounted for
ia the model. Complex piping runs are
conscrvatively modelled as a series of point
sources spaced along the piping run, Equipment
containing sources in a parallelpiped
configuration, such as fuel assemblies, fuel
racks, and the SGTS charcoal filters, are
modelled as parallelpiped with a suitable
homogenization of materials contained in the
cquipment. The shieiding for these sources is
also modelled on a conservative basis, with
discontinuities in the shielding, such as
penetrations, doors, and partial walls accounted
for. The dimension of the floor decking is not
considered in the shielding calculation as it is
part of the effective shield thickness provided
by the floor slab,

Pure gamma dose rate calculations, both
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scattered and direct, are conducted using point
kernel codes (QADF/GGG). The source terms are
divided into groups as a4 function of photon
encrgy, and each group is treated independently
of the others. Credit is taken for attenuation
through all phases of material, and buildup is
accounted for using a third-order polynomial
buildup factor equation. The more conservative
material bulldup coefficients are selected for
laminated shield configuration to ensure
conservative results.

For combined gamma and neutron shiclding
situations, discrete ordinates (ANISN)
techniques are applied.

The shielding thicknesses are selected o

reduce the aggregate dose rate from significant
radiation sources in surrounding arcas to values
below the upper limit of the radiation zone
specified in the zone maps in Subsection
12.3.1,3. By maintaining dose rates in these
arcas at less than the upper limit values
specified in the zone maps, sulficient access to
the plant arcas is allowed for maintenance and
operational requirements,

Where shiclded entries to high-radiation
arcas such as lebyrinths are required, @ gamma
ray scatiering code (GGG) i used to confirm the
adequacy of the labyrinth design. The
labyrinths are designed to reduce the scattered
as well as the direct contribution to the
aggregate dose rate outside the entry, such that
the radiation zone designated for the area s
not violated.

12323 Plant Shielding Description
Figures 12.3+1 through 12.3-11 show the
layout of equipment containing radivactive

process materials. The gencral description of
the shielding is described below;

12311
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(1) Drywell

(2)

The major shielding structures located in
the drywell area consist of the reactor
shield wall and the drywell wall, The
reactor shield wall in general consists of
0.6m of concrete <andwiched between two 1.7
em thick steel plates. The primary function
served by the reactor shield wall is the
reduction of radiation levels in the drywell
due (v the reactor, to valves that do not
unduly limit the service life of the
equipment located in the drywell. In
addition, the reactor shield wall reduces
gamma heating effects oo the drywell wall,
as well as providiong for low radiation
levels in the drywell during :eactor
shutdown. Penetrations through the reactor
shield wall are shielded to the extent that
radiation streaming through the penetrations
does not exceed the total neutron and gamma
dose rates at the core midplane just outside
the reactor shield wall. The drywell is an
F radiation zone during full power reactor
operation and is not accessible during this
period.

The drywell wall is a 2m thick reinforced
concrete cylinder, which is topped by a 2.4m
thick reinforced concrete cap. The drywell
wall attenuates radiation from the reactor
and other radiation sources in the drywell,
such as the recirculation system and main
steam piping, to allow occupancy of the
reactor building during full power reactor
operation,

Reactor Building

In general, the shielding for the reactor
building is designed to maintain open areas
at dose rates less than 0.6 mR /hr.

Penetrations of the drywell wall are
shiclded to reduce radiation sireaming
through the pesetrations. Localized dose
rates outside these penetrations are limited
to less than S mR/hr. The penctrations
through interior shield wa's of the reactor
building are shielded using a lead-loaded
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silicone sleeve to reduce the radiation
streaming are made available by the
pevetrations. Fenetrations are also located
56 as 1o minimize the impact of radiation
streaming i0to surrounding areas

The components of the reactor water cleanup
RWC) system are located in the reactor
huilding. Both the RWC tegencrative and
noaregenerative heai exchangers aie located
in shielded cubicles separated from the
other components of the system. Neither
cubicle nceds (o be entered for system
operation

Process piping between the heat exchangers
aod the filter demineralizers is routed
through shielded arcas or embedded in
concrete to reduce the dose rate in
surroundiong arcas. The two RWC system
filter demineralizers are located in
separate shielded cubicles, which allows '

maintenance of one unit while operating the ~
othet. The dose rate in the adjoining
filter demineralizer cubicle from the
operating unit is less than 6 mR /hr. Entry
into the filter demineralizer cubicle, which
is infrequently required, is via a stepp~c
shield plug at the top of the cubicle. Tne
bulk of the piping and valves for the filte
demineralizers is located in an adjacent
shiclded valve gallery. Backflushing and
resin application of the filter
demineralizers are controlled from ar arca
where dose rates are less than 1 mR/hr. The
RWC system backwash receiving tank 1s also
separately shielded from the other
components of the RWC system, including the
tank discharge pump, which allows
maintenance of the pump without direct
exposure to the spent sesins contained in
the backwash tauk. The backwash tank
cubicle 15 shielded 1o reduce the dose rate
outside the entry to less than 1 mR/hr

Shielding of the Transverse Incore Probe
(T1P) is provided by locating the higher
radiation components in a separate shielded
room with labyrinth entry way. The TIP
itself during maintenance is withdrawn into
8 lead shielded cask for entry into the
room. The TIP location is maintained by »
position sensor on the instrument which is
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(1) & particular filter;

(2) a HEPA filter;

(3)  acharcoal filter; and
(4) another HEPA filter.

Two redundant, divisionally separated ra-
diation monitors and filter trains are provided.
(See Subsection 9.4.1 for detailed description of
the design.) Conservative calculations show that
the filters keep the dose in the control rocm
from a LOCA below the limits of Criterion 19 of
10CFRS0O, Appendix A

The outdoor cleanup units are located in in-
dividual, ¢closed rooms that help prevent the
spread of any radiation during maintenance. Ad-
equate space is provided for raintenance ac-
tivities. The particulate and HEPA filters can
be bagged when being removed from the unit.
Before removing the charcoal, any radioactivity
is allowed to decay to minimal levels, and is
then removed through a connection in the bottom
of the filter by a pneumatic transfer system.
Air used in the transfer system goes through a
HEPA filter before being exhavsted. Face masks
can worn during maintenance activities,
desired.

123322 Drywell

Access into the drywell is not permitted
during normal operation. The ventilation system
inside merely circulates, without filtering, the
ait. The only airflow out of the drywell into ac-
cessible arcas is minor leakage through the wall.

During maintenance, the drywell air is
purged before access is allowed.

123323 Reactor Building

The reactor building HVAC system is divided
into three zones, which are separated by
leaktight, phy-iral barriers. The zones include:

(1) secondary containment (this area contains
equipment that is a potential source of ra-
dioactivity and if a leak occurs, the other
accessible areas of the building are not con-
taminated),
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(2) electrical equipment area, cable tunnels,
cable spreading rooms, remote control pane’
arca, diesel generator rooms, reactor inter-
nal pump panel rooms, s-d the heating and
ventilating equipment roo and

(3) steam tunnel (this room also contains a po-
tential source of radiovactive material
leakage).

Air pressure in the rooms in Zone 1 is main-
tained slightly below outside atmospheric pres-
sure by a fresh air supply and exhaust system.
The supply air is Tiltered by a particulate
filter. The exhaust stream is monitored for ra-
dioactivity, and il a high activity level {s de-
tected, the exhaust stream is diverted to the
SGTS.

Normally, exhaust air is drawn from the cor
ridor and various rooms. The exhaust duct has
two isolation valves in series and a radiation
monitor. The valves isolate the system if high
airtborue radioactivity is detected by the ra- .
diation monitor,

Zone 2 of the reactor building is maintained
at a positive pressure during normal operation.

For a desrription of the reactor building
HVAC syst#a, see Subsection 9.4.5,

123324 ¥ adwaste Building

The radwaste building is divided into two
zones for ventilation purposes. The control
room is one zone, and the remainder of the build-
ing is the other zone. The air pressure in the
first zone is maintained slightly above atmo-
spheric, while the air pressure in the second
zone is maintained slightly below atmospheric.
Air in the second zone is drawn from outside the
building and distributed to various work areas
within the building. Air flows from the work
arcas and is then discharged via the reactor
building stack. An alarm sounds in the control
room if the exhaust fan fails, The exhaust flow
is monitored for radioactivity, and if a high ac-
tivity level is detected, the potentially radio-
active cells are avtomatically isolated, but
airflow through the work arcas continues,

If the exhaust flow high-radiation alarm con-
tin ies to annunciate after the tank and pump
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12,34 Area Radiation and Airborne
Radioactivity Monitors

This section defines and describes the arca
radiation system that monitors the gamma
radiation levels throughout the plant except
within the containment. The gamma radiation
levels within the containment (drywell and
suppression chamber) are monitored continuously
by the containment atmospheric monitoring system
(CAMS) as described in Snbsection 76.2. Four
gumma sensitive ion chambers (two per divisions 1
& 2) are provided by CAMS to monitor for airhorne
radioactivity up to 107 rads pet/hr. Those
four sensors are located at the penetrations
listed in Table 6.2-8. The arca radiation
monitoring system is classified as non-safety.

12341 System Objectives

The pirpose of the area radiation monitoring
system is to warn plant personnel of excessive
gamma ray levels in service areas including the
arcas where nuclear fuel is stored or handled, to
record and indicate the monitored gamma radiation
levels in the control room at selected locations
within the various plant buildings, and to
provide audible local alarms at key locations
where abnormal radiation levels could endanger
plant personnel.

12142 Sy<tem Description

The arca radiation monitoring system
consists of gamma sensitive detectors, associated
digital radiation monitors, auxiliary units,
local audible warning devices and multipoint
recorders. The aetector signals are digitized
and optically multiplexed for transmission to the
radiation monitors., Each monitor has two
adjustable trip circuits for alarm initiation,
one high radiation level trip and one downscale
trip. "The downscale trip circuit operates on
loss of power or when gross equipment failure
occurs, Auxiliary units are provided in local
arcas for radiation indication and for initiating
the sonic alarms on abnormal levels. The
electronics are powered from the non-1E vital 120
Vac source while the recorders are powered from
the 120 Vac instrument bus.
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12343 System Design

The area radiation monitoring detectors
provided in cach plaat building are listed in
Tables 12.3:3 through 12.3-7 along with arca
location maps shown in Figures 12.3-56 through
12.3-73, Also, these tables specify the
sensitivity range of cach channel as designated
below along with requirements for local area
alarms,

The channel sensitivity covers the following
ranges:

a) Range 1072 to 10° mR/hr - H
(High Sensitivity)

b) Range 10" 10 10° mR /hr - M
(Medium Sensitivity)

¢) Range 110 10° mR/hr - L (Low
Sensitivity)

d) Range 10° to 10° mR /hr - LL (Low
Low sensitivity)

¢) Range 107 1o 10" mR /he - VL
(Very Low Sensitivity)

There are two radiation detectors that are
located in the fuel storage and handling arca,
one is positioned to monitor the radiation near
the fuel pool and the other is placed in the
fuel handling area to monitor the radiation that
may result from accidental fuel handling.
Criticality detection monitors for this area are
nol needed to satisfy the criticality accident
requirements of 10CFR70.24, because the ABWR
design utilizes specialized high density fuel
storage racks that preclude the possibility of
criticality accident under normal and abnormal
conditions. The new fuel bundles are stored in
racks that are placed at the bottom of the fugl
storage pool. A full array of loaded fuel
storage racks are designed to be subcritical by
at least 5% delta k. Refer to Sections 9.1 and
9.2 for details.

The detectors and radiation monilors are

responsive to gamma radiation over an coergy
range of 80 keV 7 MeV. The energy dependence
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will not exceed 20% of point from 100eV 1o 3
MeV. The overall system design accuracy is
within 9.5% of equivalent linear full scale
recorder output for any decade.

The trip alurm setpoints will be esiablished
in the ficld following equipment installation at
the site, The exact settings will be based on
sensor location, back ground radiatio . levels,
expected radiation levels, and low occupational
radiation exposures.

Each channel is calibrated based on a pseudo
input signal to confirm accurate monitor
response. The detectors are calibrated using
standardized traceable radioactive source in
order to establish the linearity and sensitivity
of the channel for subsequent calibration. The
arca radiation monituring system is designed 1o
accommodiate periodic surveillance testing.

The arca radiation monitoring instru-
mentation is designed and properly located to
provide early detection and warnicg for personne!
protection io insure that occupational radiation
exposures will be as low as is reasonably
achieved (ALARA) in accordance with guidelines
stipulated in Reg Guide 8.2 and 8.8

The area radiation monitoring system in-
cludes instruinentation provided to assess the
radiation conditions in crucial arcas in the
reactor building (the RHR equipment arcas) where
access may be required to service the safety
related equipmeat during post LOCA per Reg Guide
1.97.
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12.3.5 Post-Accident Access
Requirements

The locations requiring access to mitigate the
consequences of an accident during the 100-day
post-accident period are the control room, the
technical support center, the remote shutdown
panel, the primary containment sample station
(post accident sample system), the health physics
facility (counting room), and the nitrogen gas
supply bottles. Each arca has low post LOCA
radiation levels. The dose evaluations in
Subsection 15.6.5 are within regulatory
guidelines.

Access to vital areas through out the reactor
building/control building/turbine building
complex is controlled via the service building.
Eatrance to the service building and access to
the other arcas are controlled via double locked
secured entry ways. Access to the reactor
building is via two specific routes, one for
clean access and the second for controlled
access. During a event such as a design basis
accident, the service building/control building
are maintained under filtered HVAC at a positive
pressure with respect to the environment. Air
infiltration is minimized by positive flow via
double entry ways. Therefore, radiation exposure
is limited to gamma shine from the reactor
building, turbine building, main steam line
access corridor, and skyline. This shine 1s
mirimized by locating highly populated areas
below ground.

During a design basis accident event, access
to remote shutdown panel, nitrogen bottles, and
the PASS and monitor systems is controlled from
the service building via the controlled access
way. These corridors are not m.'ntained under
filtered positive pressure so that personal
protection equipment (radiation protection suits,
breathing gear, etc.) will be required in the
access corridor. Primary contamination would
occur from leakage through the PASS system and
air infiltration from the cnvironment. Both
pathways are considered minimal and minor
contamination under even the most adverse
conditions is expected,

The reactor building vital arcas are all
located off one of of the two primary access ways
cxcept the nitrogen bottle areas which are
located on the refucling floor and are accessible
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from the clean access corridor at the 4800 level
(BIF) and up three floors to the 23500 level
(3F), There are two access corti- dors, clean
and dirty, with contamination in those arcas
limited to air inflitration from the environment
and penetration leakage from the PASS system.
In addition, the lines penctrating the PASS room
are doubly valved permitting line isolation in
the event of any potential rupture. Sources of
radiation therefore are limited to minor leakage
and gamma shine including the stack monitor room
which contains only instrumentation and
associated penctrations for monitoring stack
effluent.

12.3.6 Post-Accident Radiation
Zone Maps

The post-accident radiation zone maps for the
arcas in the reactor building are presented in
Figures 12.3-12 through 12.3-22. The zone maps
represent the maximum gamma dose rates that
exist in these arcas during the post-accident,
period. These dose rates do not include the |
airborne contribution in the reactor building.

Post-accident zone maps of the control
building and turbine building are presented in
Figures 12.3-54 and 55 respectively. The zone
maps are designed to reflect the criteria
established in Subsection 3.1.2.2.10

12.3.7 Deleted
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COMPUTER "ODES USED IN
SHIELDING DESIGN CALCULATIONS

Computer CodeDescription

QADF A multigroup, multiregion, point kernal, gamma ray code
for calculating the flux and dose rate at discrete
locations within a complex source-geometry configuration

GGG A multigroup, multiregion, point kernal code for
calculating the conti.Dution due to gamma ray scaltering
in & hetrogeneous three-dimensional spuce

DOT 4 A discrete ordinates, two-dimensional transport code.

Multigroup, multiregion neutron or gamma transport

Amendment 10 12316
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Table 12.3.2
TYPICAL NICKEL AND COLBALT CONTENT OF MATERIALS
Nickel Colbalt

Mats_al (%) (%
Carbon Steel 0.25 1% of Ni
Stainless Steel 10 1% of Ni
Ni-Cr-Fe (Incone! 600, 70 1% of Ni
Inconel X750)
Stellite 6 3 58

Aniendment 10 12317

A e R R A e T et et o Y (e R P T KR




ABWR 2IABI00A]

Standard Plant " BEY. 1
Table 12.3.3
AREA RADIATION MONITORS
REACTOR BUILBING
Sensitivity Laocal
No, Logation & Description Figure #  Raoge Alarms
1 Reactor arca (A)-4F 12362 H X
2 Reactor area (B)-4F 12362 LL
3 Fuel storage poo! arca (A)-4F 12362 LL X
4 Fuel storage puol acea (B)-4F 12362 LL
5 R/B 4F south arca 12362 H
6 R/B 4F SE arca 12.362 H X
7 R/B 3F NW atca 12.3-60 H
8 R/B 3F SE arca 12.3-60 H X
9 CUW __ntrol panel arca-BIF 12.3-56 H
10 R/B equipment hatch-B2F 12387 H X
11 HCU area (A)-BIWF 12.3-56 M X
12 HCU area (B)-B3F 1235 M X
13 SRV /MSIV valve maintenance room-3F 12.3-63 M X
14 R/B 1F SE hatch arca 12349 H X
15 RPV instrument rack room (A)-B1F 12.3-58 H X
16 RPV instrument rack room (B)-B1F 12.3:58 H X
17 R/B BIF SE hatch area 123-58 H
18 TIP drive machine room-El 1500 12357 M X
19 TIP machine equipment room-El 1500 123-57 L X
20 Core cooling water sampling room-M4F 12361 M X
21 CRD maintenance room-B2F 12.3.57 M X
2 R/B B2F SE hatch arca 12.3-57 H X
pa) R/B B2F NW hatch area 12.3-57 H X
| R/B B3F NW area-RHR "A" equip arca 12.3-56 VL X
25 R/B B3F SE area-RHR "B’ equip arca 12.3.5¢ VL X
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Table 12.3.4
AREA RADIATOON MONITORS
CONTROL BUILDING
Location & Description Figure #
Main Control Room 12364
Passage Way Underneath Steam Tunnel 12364
RBCW "A” Area-El <1315 12,364
RBCW "B" Arca-El -1315 12364
RBCW "C* Area-El <1315 12.3.04
Table 12.3.5
AREA RADIATION MONITORS
SERVICE BUILDING
No. Location & Description Figure #
Service Building Tech. Support Center 12364
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LAAGI0AL
BLY B

Sensitivity
Range

H
H
H
H

H

Sensitivity
Range

H
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Table 12.3-6
AREA RADIATION MONITORS
RADWASTE BUILDING
No. Location & Description
1 R /W Building Control Room-El 16000
2 Maintenance arca #1-El 16000
3 Maintenance Area #2-E1 16000
Bl R/W Building HVAC Exhaust E1 1600
5 R/W Building Truck Area-El 730
6 MSW Compactor Area-El 7300
? Corridor to Aux. Building-El 73
N Equip Rack Arca #1-El 0200
9 Equip Rack Ares #2-E1 -0200
10 R/W Eailding MSW Control Room-El -0200
n Rad Waste Sampling Room-El -6500
2 MSW Equipment Area-El -6500
13 R/W Equipment Rack Arca #1-Ei -6500
14 R/W Equipmert Rack Arca #2-El -6500
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Sensitivity

Local

Flguce #  Range  Alaoms

12368
12.3-68
12.3-68
12368
12.3-67
12367
12367
12.3-06
12366
12.3-66
12365
12365
12.3-65

12.3-65

H

123173




P - R E—— P R R ———

&and Pl

Ametdment 18

R S

L

10.
11
12
13,

14,

2AIIAL
Kee B
Table 12.3.7
AREA RADIATION MONITORS
TURBINE BUILDING
Sensitivity  Local
No. Location & Description Figure No.  Range Alarms
Condensate Pump Maintenance Arca 123-70 M
Condensate Sampling & Control Arca 123-70 M X
Off-Gas Sample & Control Arca 123.70 M X
RFP 1A, 1B & 1C Area 12370 H X
Filter Maintenance Arca 12371 M X
Demineralizer Area 1237
SJIAE A & Recombiner Area 12371 H
SIAE B & Recombiner Area 12371 H
HP Heaters & Drain Tank Area | 1237 H
HP Heaters & Drain Tank Area 2 1231 H
MSR 1A & 1C Area 12372 H
MSR 1B & 1D Area 12372 H
Turbine Building Operating Floor 122:73 H X
Equipment Main Access Area 12373 H X
123174
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GE PROPRIETARY INFORMATION - provided under seperate cover

(Figures 12.3-65 through 12.3-68, pages 12.5-79 through 12.3.82)
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12.3-82 10
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liA.égAkC%TION OF
AIRBORNE IONUCLIDES
This appendix presents a simplified
methodology to calculate the airborne concen-
trations of radionuchides ‘n a compartmest. This
methodology is conservative in nature and
assumes that diffusion and mixing in a
compartment it basically instantaneous with
respect to those mitigating mechanisms such as
radioactive decay and other removal mechanisms,
The following calculations need to be performed
on an isotope by isotope basis to verify airborne
concentrations are within the limits of 10CFR20.

(1) For the compartment, all sources of airborne
radionuclides need to be identified such as:

(a) Flow of contaminated air from other
areas

{(b) Gaseous releases from equipment in the
compartment

(¢) Evolution of airborne sources from
sumps or water leaking from equipment

(2) Second, the primary sinks of airborne
r-dionuclides need to be identified. This will
primarily be outflow from the compartment
but may also te - the form of condensation
onto room coolers.

(3) Given the above information the following
equation will calculate a conservative

concentration,
S
ol A ¢ 1
Vai\+ 2.: Ry)
Where:
C = Concentration of the ith
' radionuclides in the room
Vv = Volume of roow:
8. = The jth source (rate) of the
' ith radionuclide to the room.
These sources are discussed
helow.
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R.. = the kth removal constant for
v the ith source and the ith
radionuclide as discussed

below,

A . = radionuclide decay constant

Evaluation Parameters

The following paramer - quire evaluation on a
case by . ase basis dictate - v physical parameters
and processes germaine to b weling process.

(1) S - is defined as the source rate for radionuclide |
ifto the compartment. Typically these sources take
the form of:

(a) Inflow of contaminated air from an upstream
compartment. Tiven the concentration of
radionuclide i, ¢ , in this air and a Now rate of
“t*, the source rate then becomes SIl =re

(b) Production of airborne radionuclides from
equipment. This typically takes two forms,
gaseous leakage, and liquid leakage. -

(i) For gaseous lcakage sources, the source
rate is equal to the concentration of
radionuclide i, ¢, and the leakage rate, "r”,
or§ src. |

1) i

(i) For liquid sources, the source rate is
similar but more complex. Given a liquid
concentration ¢ and a leakage rate, *:", the
total release from the leak is rc. The
fraction of this release which then bécomes
airborne is typically evalusted by a
partition factor, P_ which may be conser-
vately esumated from:

Noble Gases P' = |

h'-b'
All others Pr =
h h
$ .0
where: h‘ B saturated liquid
enthalpy
h = saturated ligquid

enthalpy at one
atmosphere =
100.10 Keal/Kg
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UK LY RACY Name

CORE FLOW UA) INSTRUMENT RACK

CORE FLOW (B INSTRUMENT RACK

CORE FLOW (1A} INSTRUMENT RACK

CORE FLOW B INSTRUMENT RACK

Rl SYSTEM (A} INSTRUMENT RAlK

RHR SYSTEM (8 INGTRUMENT RADK

RHR GYSTEM 1C) INSTRUMENT RACK

HiCit PRESSURE CORE SPRAY SYSTEM 8 INSTRUMENT RACK
MGH PRESSURE CORE SPRAY STYSTEN (00 INSTRUMENT Ralx
REACTOR CORE ISOLATION COOLING SYSTEM INSTRUMENT RACK
REACTOR CORE 1ISOUATION CODLING SYSTEM TURBINE INSTRUMENT
RACx

CONTROL ROD DRIVE HYDRAULIC RYSTEM INETRUMENT RALK
CHO PUM ) INSTRUMENT RACK

CRO PUMY 3 INSTRUMENT RACK

AEACTOR COOLANT CLEAN UP SYSTEM INSTRUMENT RACK
SCRAM SEISMIC SENSOR FOUR EACK

17 SUPPRESSION POOL DISCMARGE SYSTEM SAMPLING RACK

AR M AT EXCHANGER EXIT SAMPUNG RACK

o At o e
™ TP W IS -

ACTUMULATOR INS TALLATION REMOVAL TRANSPORTATION DOLLY
ACCUMOLATOR DIBASHEMBLY ASSEMELY DOLLY

ACCUMULATOR WORKING BENCH

SCRAM VALVE SCRAM PHLOT YA vE WORKING BENCH

SCRAM MLOT VALVE TEST BACILITY

PUME UNIT

GENERAL PURPOSE WORKING BENTM

TOOL BOX

ToamMmoOne >

9:0520_0_19.-0/

IMEMARR 5
FOuPMENT

RuR PUMP (&)

Bul PUMP (B

R PUME )

AR MK A

DL 1

LR T

WACH FUMP (8

HOCF PUMP ()

CUW NON BE X

CUW PUe

CUW BALT WASH TRANSIER Pusy

CUW B r WASH TANK

RO PUM»

SUC TION FUTER

ROIC PUMP

BRCK TuRBINE

FiRf PROTECTION SYMBOLS

(T80T ) FIRE AREA NUMBER
S g CEFY HAND DHGNT 1S BOYTOM
FLOOR NUMBER STak TG Wil
1o« ELEVATION |- 8200
b SECOND DY FROM LEFT S
THE SLECTRICAL Division
NUIMEBE &

I ROOM NUMBER

3 HOost Rack

@ PORTARLE EXTINGUISHER

O sranomes
W G OUR RATID FRE BARRER (WALL
TS RATED FIRE BARRIER 1 LOUR
WO 3 10U HRe RATED DO

CUCID) SECONDARY CONTANMENT BOUNDARIES
13 HOUR RATED FIRE HARRIE )

U SPUINKLER SYSTEM
| SAR A RRRIONA R vt

RENARK (COMMON
1 URE HEIGHT 1S 700 mun IN CASE OF NONE REMARR
2 EAGH BYMBOL MARKS MEAN AS FOLLOWS

e EEHEE GRATING

o MR O TRER PLATE

vt PSS CONCRETE MOCK

e REUTTERTS

o L) FRONT OF PANEL AND RALK
FRONT

TR ML SPRCE FOR MAINTENANCE

@) e ANDRAL

) e MONORAIL

W i FLEVATOR

W " M SPACE

* DS HVAC DUCT SPaE
i 1% CABLE TRAY SPACE
im) N NORMAL LOCK DOOR

e CERE STEEL BAELDING DOOR

o sk CURB

Figure
Amendment

12 3-1 REACTOR BUILDING RADIATION ZOhc MAP FOR FULL POWER AND
SHUTDOWN OPERATIONS AT ELEVATION -8200mm (B3F)
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INSTRUMENT RACK

NO  RACK Nami

1 STANDEY GAS TREATMENT SYSTEM INETRUMENT
RACK

? CONTRINMENT VESSIL ATMOSPHMERE MONITOR
CALBRATION QAL UYUINDER RACK A

3 CONTAINMENT VI SEL ATMOSPHERE MONITOR
CALIBRATION GAS CYLINDER Balk B

4 SOCRAW SEIBMIC SENGOR

15 ROOUM AND AUXILIARY FADILITHS (REMARY S
NO EACHITY NaMl ary EQUEPMENT
A CONTROL DATA COLLECTION cQLIPMENT 8 DS~y

#  STARLIZED POWER SUPPLY SYSTEM ' CABK PY

- gﬁgz.“ : SPENT FUEL STORAGE PO
£ CAUBRATION TESY MECE FOR M'S NOZZLE CORNER ' 51 INGPECTION ROOM
F o OCAUBRATION TEST MECE FOR NO2ZLE CORNER ! SGYS FUTER TRAIN

G CAUBRATION TEST PMECE YOR NOJTLE CORNER ¥ SGTS FAN

W CALIBRATION TEST PIECE FOR NOZJLE CORANER | SLE PRIMP

J  RPV EMELL ADUUST TEST FACHLITY | -

K RPY BOTTOM PLATE ADJUST TEST FACKITY 1 S0 YANK

L RPY ROZZLE ADJUST TEST FACILITY L SLC TEST TANK

W PIING ADJUST TEST FACILITY 1 GG 1AL DAY TANK

N S DEVICE STORACE 5 DG 18 DAY TANK

P IS DEVICE SYORAGE 3 86 (€1 DAY TANK

G APy CALBRATION TEST PIECE STURAGE ! .

R APV CONSUMABLE MATERIALS AND CALBRATION TEST MECE STORAGE  § FOI PUMP

S PONG CALBRATION TEST PECE STORAGE : WM WX

FULL POWER/SHUTDOWN
RADRATION LEVELE IN

9205200194——0 7

Figure 12.3-7 REACTOR BUILDING RADIATION ZONE MAP FOR FULL POWER AND
SAUTNGWN OPERATIONS AT ELVATION 23500mm (3F)
Amendment 4 12324
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RACK LIST RACKE NAME

CORE FLOW (1A} INSTRUMENT RACK
CORE FLOW (18} INSTRUMENT RACK
CORE FLOW (1IA) INSTRUMENT RACK
CONE FLOW (HE) INSTRUMENT RACK
RHP SYSTEM (A} INSTRUMENT SACK
AHA SYSTEM (B) INSTRUMENT RACK
AHA SYSTEM (C) INSTRUMENT RACK
HIGH PRESSURE CORE SPRAY SYSTEM (8] INSTRUMENT RACK
00 HIGH PRESSURE CORE SPRAY SYSTEM (O) INSTRUMENT RACK

B 132 )l BEACTOR CORE ISOLATION COOUING SYSTEM INSTAUMSNT RACK
e S \;"{ ) REACTOR CORE ISOLATION COOUING SYSTEM TURBINE INSTRUMENT
ire | 2 RACK
‘nu T 12 CONTAOL ROD DRIVE HYDRAULIC SYSTEM INSTRUMENT RACK
Hre " 13 CRD MUPAP (A INSTRUMENT RALK
1 { 14 CRO PUMP (B) INBTRUMENT RACK

15 AEACTOR COOLANT CLEAN-UP SYSTEM INSTRUMENT RACK

18 SCRAM SEISMIC SENSOR, FOUR EACKH

17 SUPPRESSION POOL DISCHARGE SYSTEM SAMPLING RACK
© 1B AMA HEAT EXCHANGER EXIT SAMPUING RACK

- DD TR -

ACCUMULATOR INSTALLATION REMOVAL TRANSPORTATION DOLLY
ACCUMNATOR DISASSEMBLY-ASSEMBLY DOLLY

ACCUMULATOR WORKING BENCH

SCRAM VALVE-SCRAM MLOT VALVE WORKING RENCH

SCAAM PLOT VALVE TEST PACILITY

PUMP UNIT

GENERAL PURPOSE WORKING BENCH

TOOL BOX

ToHmMmOonoD»

m <50

REMARES
EQuPaaENT

AME UMP (A

AHR PUMP (8

AR PUMP ()

PR WX (A

AHE Mx (W

AHA HX 10

HECH PUMP &)

HPCF PUMP (C)

CUW NON-RE HX

CUW PP

CUW BACK WASH TRANSETR Pums
CUW BACK WASH TA
CRD PUMP

SUCTION FILTTR

RCIC PUMP

ACIC TURBNE

FifE MOTECTION SYMBOLS

;’fi-! "6"'
T A LEFT HAND OIGIT 1S BOTTOM

JRIRE ANEA MUMRER

FLOOR NUNBEE STARTING WiTH
1 o= ELEVRNDN () B200

b SECOND DIET FROM LEFT 15
THE ELECTRCAL DIVISION
NUMBER

;aoouwm

HOSE RACK
PORTABLE EXTRGUISHER
STANT

WG ) HOUR RATENSHE BARRIES (WALL)
C20 AATED FIRE BABRIER (§LOOR)

l‘.:.h 1 HOUR Fifg NETED DOOR

CITT] SECONDARY CINTAINMENT BOUNDARIES

(3 HOUR RATED FIRE BARRIER)

TLIN50 SPRUNKLER SYSTEM

REMARK (COMMON!
1 CURB HEIGHT 1S 200 mm IN CAR OF NONE REMARK
2. EACH SYMBUOL MARKS MEAN A8 FOLLOWS

2 EHEEE GRATING

v — CHECKER PLAS

L

il

B CONCRETE BLRCK

O [l FIREPLUG

;;;i’fj FRONT OF PAMIL AND RACK

FRONT

M 000 PULL SPACE FOR MAINTENANCE
-~ HANDRARL
I} ooy MONORAIL

g

L]
W
L]
(L
fmy

Ev
S
3]
1%
NL

ELEVATOR

PPE SPACE

HVAC DUCT SBCE
CABLE TRAY SMCT
NORMAL LOCK DOOR

0l PR STEEL SHIELDIG DOOR

0 ke CUS

o e 9205200194 -'/ 2

N <800 DOSE 1DOSE i
v <5000 DOSE | ~ I UNIT NOT USED DURING DEGRADED CORE AGCIDENT
Vi >5000 DOSE Il ~ I UBED WITH DEGRADED CORE ACCIDENT<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>