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(3) the air space above the suppression pool; and

(4) the reactor building which is structurally
integrated with the concrete primary containment
structure.

A secondary containment which surrounds the
primary containment permits monitoring and
treating all potential radioactive leakage from the
primary containment. Treatment consists of HEPA
and activated charcoa! filtration,

12.2.152 Containment Internal Structures

The containment internal structures are
summarized in Subsection 6.2.1.1.2

1.2.2.183 Reactor Pressure Vessel Pedestal

The reactor pressure vessel pedesial is &
prefabricated cvlindrical steel structure filled with
concrete which supports the RPV and is maintained
below design temperature by cooling. The pedestal
provides drywell connecting vents which lead io the
horizontal vent pipes 1o the suppression pool.

12.2.15.4 Standby Gas Treatment System

The standby gas treatment system (SGTS)
minimizes exfiltration of contaminated air from the
secondary containment to the environment following
an accident or abnormal condition which could result
in abnormally high airborne radiation in the reactor
building Because the fuel storage area is also in the
secondary containment il also can be exhausted to
the SGTS.

All safety-related components of the SGTS are
operable during loss of offsite power.

122,155 PCV Pressure and Leak Testing Facility

The PCV pressure and leak testing facility is
summarized in Subsection 9.1.52.8 Special Servicing
Room /Arcas.

1.2.2.15.6 Atmospheric Control System

The atmospheric control system is summarized in
Subsection 6.2.52.1.

1.22.15.7 Drywell Cooling System
The drywell cooling system is summarized in

Amendment 26
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Subsection 9492,

1.2.2.158 Flummability Control System

An atmospheric control system is designed 1o
establish and maintain an incrt atmosphere within
the primary containment during al! plant operating
modes except during plant shutdown for refucling
or maintenance. A recombiner system is provided
to control the concentration of oxygen produced by
radiolysis in the primary containment.

122159 Suppression Pool Temperature
Monitoring System

The suppression pool temperature monitoring
system is summarized in Subsection 7.6.1.7.1.

1.2.2.16 Structures and Servicing Systems
1.2.2.16.1 Foundation Work

The analytical design and evaluation methods for
the containment and reactor building walls, slabs
and foundation mat and foundation soil arc
summarized in Subsection 38.1.4.1.1.

1.22.16.2 Turbine Pedestal

The description for the turbine pedestal is the
same as that for foundation work in Subsection
381411,

12.2.16 2 Cranes and Hoists

The crane and hoist are summarized in
Subsection 9.1.4.22.1.

1.2.2.16.4 Elevator

The controlled elevators service the reactor
building radiation controlled zones from the
basemat to the refucling floor. Two additional
clean clevators service all elevations of the clean
zone,

1.2.2.16 .5 Heating, Ventilating and Air
Conditioning

The plant environmental control systems control
temperatuere, pressure, humidity, and sirborne
contamination 1o ensure the integrity of plant
equipment, provide acceptable working conditions
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for plant personnel, imit offsite releases of arborne
contaminants.

The following environmental systems are
provided:

(1) the control room air conditioning system
consisting of supply, recirculation/exhaust and
makeup air cleanup units to ensure the
habitability of the control room under normal
and abnormal conditions of piant operation;

(2) the reactor building secondary containment
HVAC system maintains a negative pressure in
the secondary containment under normal and
abnormal operating conditions thereby solating
the environs from potential leak sources. This
system removes heat generated during normal
plant operation, shutdown, and refuching periods;

(3) the drywell cooling system to remove heat from
the drywell generated during normal plant
operations including startup, reactor scrams, hot
standby, shutdown, and refueling periods;

{4) the power block pressure control supply and
exhaust svstem to distribute air so thal a negative
pressure is maintained in the emergency core
cooling equipment rooms, thereby isolating the
potential airborne contamination in these rooms;

{5) the clectrical equipment supply and exhaust
system to pressurize the electrical rooms allowing
exfiltration of air to the batiery rooms for exhaust
to the outside atmosphere;

(6) the power block exhaust system to maintain the
refucling floor at a negative pressure with respect
to the outside atmosphere to prevent the
potential release of airborne contamination;

(7) the diesel generator ares air exhaust system to
provide cooling during operation of the diesel
generators. A tempered air supply system
controls the thermal environment when the diesel
generators are not operating; and

(8) coolers in the steam tunnel and ECCS rooms to

remove heat generated during operation of the
equipment in these rooms.

Amendment 20
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1.2.2.16.6 Fire Protection System

The fire protection sysiem is designed to provide
an adequate supply of water or chemicals to points
throughout the plant where fire protection is
required. Diversified fire-alarm and fire-
suppression types are selected to suit the particular
areas or hazards being protected. Chemical fire
fighting systems are also provided as additions to
or in licu of the water fire fighting systems.
Appropriate instrumentation and controls are
provided for the proper operation of the fire
detection, annunciation and fire fighting systems.

1.22.16.7 Floor Leakage Detection System

The drainage system is also used to detect
abnormal leakage in safety related equipment
rooms and the fuel transfer arca

2.2.168 Vacoum Sweep System

A portable, submersible-tvpe, underwater
vacuum cleaner is provided to assist in removing
crud and miscellancous particulate matter from the
pool floors or reactor vessel. The pump and the
filter unit are completely submersible for extended
periods. The filter "package” is capable of being
remotely changed, and the filters will fit into a
standard shipping contaner for offsite burial.

1.22.169 Decontamination System

The decontamination system provides arcas,
equipment and services to support low radiation
level decontamination activitics. The services may
nclude electrical power, service air, demineralized
waler, condensate water, radioactive and noprad-
wactive drains, HVAC and portable shiclding.

1.2.2.16.10 Reactor Building

The reactor building includes the containment,
drywell, and major portions of the nuclear stecam
supply system, stcam tunnel, refucling arca, diesel
generators, essential power, non-essential power,
emergency core cooling systems, HVAC and

SUppOrting systems;
1.2.2.16.11 Turbine Building

The turbine building houses all equipment
associated with the main turbine generator. Other
auxiliary equipment s also located in this building

12166
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Table 1.9-1
SUMMARY OF ABWR STANDARD PLANT
COL LICENSE INFORMATION

SURJECT SUBSECTION

Standard review plan sections for remainder of 184
plant identified as "Interface” in Table 1.8-19

Applicability of regulatory guides for remainder 184
of plant indentified as “Interface” in Table
1.8-20

Applicability of Experience Information 154
for remainder of plant identificd as
“Interface” in Tabie 1.8.22

Emergency procedures and emergency procedures 1A 3.1

training program

Procedures for removing safety-related svstems 1432
from service

Inplant radiatiom monitoring 1A33
Reporting of Failures of Reactor Sysiem 1A35
Relief Valves

Report on ECCS Outage 1A36
Envelope of ABWR Standard Plant Site Design = 221
Paramelers

Standard Review Plan Site Charactenistics 222
CRAC 2 Computer Code Calculations 223
Site-Specific Design Basis Wind 3331
Site-Specific Design Basis Tornado 3332
Effect of remainder of plant structures, 3333
systems and components not designed to tornado

loads

Flood Elevstion 3431
Ground Water Elevation 3432
Protection of ultimate heat sink 3541

Amendment 26 192
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Table 1.9-1
SUMMARY OF ABWR STANDARD PLANT
COL LICENSE INFORMATION (Continued)

ITEM

NO. SUBJECT SUBSECTION

37 Misslcs generated by natural phenomena from 3542
remainder of plant

38 Site proximity missiles and arcraft bazards 3543

39 Protection against secondary missiles inside 3544
containment

39 Impact of Failure of Non Safety-Related 35458
Items Due to Design Basis Tornado

310 Details of pipe break analysis results 3641
and protection methods

311 Leak-before-break analysis resalts 3642

31la Seismic Parameters 3751

R Foundation Waterproofing 3861

3.13 Site Specific Physical Properties and 3862
Foundation Settiement

314 Reactor Internals Vibration Analysis, 3971
Mcasurement and Inspection Programs

315 ASME Class 2 or 3 Quality Group 3872

Components with 60 Year Design Life
3.15a Fump and Valve Inservice Testing Program 3973

3150 Audits of Design Specifications and

Design Reports 3974
316 Equipment gualification report 31051
317 Dynamic qualification report 31052
318 Esvironmental Qualification Document 31161
319 Enviromental Qualification Records 31162
41 CRD Inspection Program 4531
51 Water Chemistry 5261
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Table 1.9-1
SUMMARY OF ABWR STANDARD PLANT
COL LICENSE INFORMATION (Continued)

ITEM
NO. SURJECT SUBSECTION
52 Conversion of Indicators 5262
53 Fracture Toughness Data 5341
54 Materials and Surveillance Capsule 5342
6.1 Protection Coatings and Organic Matenals 6.13.1
6.2 External Temperature 6471
63 Meterology {X/Qs) 6472
6.4 Toxic Gases 6473
71 Effects of Saton Blackout on HVAC 781
72 Deleted
13 Localized High Heat Spots in Semiconducior 783
Material for Computing Dewvices
81 Stabuity of offsite power system Ki4]
82 Diesel Generator Reliability 142
83 Class IE Feeder Circuits 8231
K4 Non-class IE Feeders 8232

&5 Specific ABWR Standard Plant /remainder of plant 8.2.33
power system interfaces

86 Interrupting Capability of Electrical 8341
Distribution Equipment

87 Diesel Generator Design Details 8342

BB Certificd Proof Tests on Ceble Samples 8343

89 Electrical Penctration Assemblics Ki44

810  Analysis Testing for Spatial Scparation 8345
per IEEE 304

Amendment 26 154
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Table 1.9-1
SUMMARY OF ABWR STANDARD PLANT
COL LICENSE INFORMATION (Continued)

ITEM
NO. SURJECT SUBSECTION
§11  DC Vokage Analysis 8346

812 Scismic Qualification of Evewash Equipment 8347

£33 Dicse! Generator Load Table Changes 8348
8.14 Offsite Power Supply Arrangements 8349
8.15 Diesel Generator Qualification Tests 83410
£.16 Defecve Refurtashed Circuit Bres kers £i4n
817 Minimum Starting Voltages for Class 83412
1E Motors
{ 91 New Fuel Storage Racks Criticality Analysis 9161
92 New Fuel Storage Racks Dynamic and Impact 9162
Analysis
93 Spent Fuel Storage Racks Criticality Anaiysis 9163
94 Spent Fucl Storage Rach Load Drop Analysis 9164
93 Ultimate heat sink capability 92171
96 Makeup water sysiem capability 92172
$7 Potable and Sanitary Water System 2173
9R Radioactive Drain Transfer Svstem Colleciion 93121
Piping
EA Contamination of DG Combustion Air Intake 95131
230 Use of Communication Svstem in Emergencies 9513.2
9.11 Maintenance and Testing Procedures for 95133
Commumcation Equipment
912 tire Hazard Analvsis Databasc GA63
10.1 Low Pressure Turbine Disk 10251

Fracture Toughness

Amendment 24 195
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Table 1.9-1
SUMMARY OF ABWR STANDARD PLANT
COL LICENSE INFORMATION ‘Continued)
ITEM
NO. SURJECT SUBSECTION
2 Turbine Design Overspeed 10252
121 Regulatory Guide 810 12141
122 Regulatory Gude 1.8 12142
123 Occupational radiation exposure 12143
131 Physical Security Interfaces 1363
181 Main Control Room 85
191 Long-term ‘raming upgrade 19A31
192 Long-term program of upgrading of procedures 19A3.2
193 Pu. ge system reliability 19A33
194 Licensing emcrgency support faciity 19A 34
195 In-plant radiation monitoring 19A35
196 Feedback of operating, design and construction 19436
experience
197 Organization and staffing 10 oversee design and 19A37
constracthon
198 Quality Assurance Program 19B3.1
198 Prevention of Core Damage 19B32
19.10 Protection from External Threats 19833
19.11 Ultimate Heat Sink Models 19834
19.12 Uhimate Hea Sink Rehability 19B.3.5
19128  Main Transforme: Design 19B.3.6
1913 Plant Sating 19B37
1914 Interdesciphnary Design Revicws 19B38

23A6100AC
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1A.2.13 Containment Design-Dedicated
Penetration [1LEA.1]

NRC Position

For plant designs with external hydrogen
recombiners, provide redundant dedicated contain-
ment penetrations so that, assuming a single failure,
the recombiner systems can be connected to the con-

taiment atmosphere.
Response

A flammability control system (FCS-T49) is
provided 1o control the concentration of oxygen in
the primary containment. The FCS utilizes two
permanently instalied recombiners located in
secondary containment. The FCS i operable in the
event of a single active failure. The FCS is described
in Subsection 6.2.5.

1A2.14 Containment Design-Isolation
Dependability (11.LE.4.2]

NRC Position

(1) Containment solation system desqgns shall com-
plv with the recommendations of Standard Re-
view Plan Subsection 6.2.4 (1.¢., that there be di-
versity in the parameters sensed for the ini-
tiation of containment isolation).

(2} All plant personnel shall give careful consid-
eration to the defimition of essential and non-
essential systems, idencify cach system
determined to be non-essential, describe the
basis for selection of each essential system,
modify their containment isolation designs
accordingly, and report the results of the
recvaluation 1o the NRC.

(3) All nonessential svstems shall be avtomatically
wsolated by the containment 1solation signal.

(4) The design of control svstems for sutomatic

containment isolation valves shall be such tha!
reseting the isolation signal will not result in the

Amendment 17
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(5)

(6)

(7)

aulomalic reopening ¢f containment isolation
valves. Reopening of containment isolation
valves shall require deliberate operator action.

The contzinment setpoint pressure that initiates
containment isolation for non-essential penetra-
tions must be roduced 10 the minimum compat-
ible with normal operating conditions.

Containment purge valves that do not satisfy the
operability criteria set forth in Branch Technical
Position CEB 6-4 or the Staff Interim Position of
October 23, 1979 must be sealed closed as de-
fined in SRP 6.2.4, Item 1161 duricg operational
conditions 1, 2, 3, and 4. Furthermore, these
valves musi be verified te be closed at least
every 31 days.

Containmeni purge and vent isolation valves
must close on a high radiation signal.

Response

(1)

2)

(3)

4)

The solation provisions described in the Stan-
dard Review Plan, Subsection 6.24 (ic., that
there be diversity in the paramelers sensed for
the initiation of containment s/ lation) were re-
viewed in conjunction with the ABWR Standard
Plant design. It was determine 1 that the ABWR
Standard Plan is designed in accordance with
. ese recommendations of the SRP,

This request appears to be directed primarily
toward operating plants. However, the classifi-
cation of structures, systems and components for
the ABWR Standard Plant design is addressed
in Section 3.2 of this SSAR. The basis for dassi-
fication is also presented in Section 3.2, The
ESF system, with remote manual valves with
leakage detection outside containment are
delinated in Tables 6.2-7. The ABWR Standard
Plant fully conforms with the NRC position so
far as it relates to the new equipment supplier,

All non-essential sysiems comply with the NRC
position to automatically isolate by the contain-
ment isolation s.gnals, and by redundant safety
grade isolation valves.

Control svstems for 2utomatic conlainment iso-
lation valves »re designed in accordance with
this position for the ABWR Standard Plan
Design.

Amendment 25
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(5) The ABWR Standard Plant design is consistant

with this position

(6) All ABWR containment purge valves mect the

criteria provided in BTP CSB 6-4. The main 22°
purge valves are fail-closed and are maintained
closed through powe: operation as defined in the
plant technical specifications. Ali purge aad vent
valves are remote pneumatically operatea, fail
closed and receive containment isolation signals.
Certan vent valves can be opened manually in
the presents of an tsolation signal, to permit
venting through the SGTS

(7) Ia the ABWR design, the containment purge and

vent isolation valves will be automatically isolaicd
on high radiation levels detected in the reactor
building HVAC air exhaust or in the fuel
har dling arca air exhaust.

1A2-9
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1A.2.15 Additional Accident-Monitoring
Instrumentation [ILF.1{1)}

NRC Position

Noble gas effluent monitors shall be installed
with an cxtended range designed to function during
acaident conditions as well as duning normal operat-
ing conditions. Multiple momtors are considered
necessary to cover the ranges of interest.

(1) Noble gas effigent momtors with an upper range
capacity of 107Ci/cc (Xe-133) are considered to
be practical and should be instalied in all
operating plants.

{2) Noble gas effluent monitoring shall be provided
for the total range of concentration extending
from normal condition (as low as rcasonably
achievable (ALARA)) concentrations 1o 3 max-
mum of 107 Ci/ec (Xe-133). Multiple monitors
are considered to be nocessary to cover the
ranges of intcrest. The range capacity of
indmadaal monitors should overlap by a factor of
ten

Because rwodine gascous effluent monitors for
the acaden: condition are not considered to be prac-
tical @t thie 1ime, capability for effluent monittoring of
radiorodines for the accident condition shall be
provided with sampling conducted by absorption on
charcoal or other media, followed by onsie labora-
1ory analysis.

In-containment rgsdlaxion-lcvcl monitors with a
maximum range of 10 rad/br shall be installed. A
minimum of two such monitors that are physically
stparated shall be provided. Monitors shall be
developed and qualified to function ir an accdent
environment.

A continuous indication of containment pressure
shall be provided in the control room of cach operat-
ing reactor. Measurement and indication capability
shall include three times the design pressure of the
containment for concrete, four imes the design pres-
sure for steel, and -5 psig for all containments.

A continuous indication of containment water
level shall be provided in the control reom lor all
plants. A narrow range instrumeni shall be provided
for BWRs and cover the range from the bottom to

Amendment &
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the 10p of the containment sump. A wide range in-
strument shall also be provided for BWRs and shall
cover the range from the bottom of the containment
to the elevation equivalent to & 600,000 gallon
capacity. For BWRs, a wide range instrument shall
be provided and cover the range from the bottom to
5 feet above the normal water level of the suppres-

sion pool.

A continvou; indication of hvdrogen concentra-
tion in the containment atmosphere shall be pro-
vided in the control room. Measurement capability
shall be provided over the range of 0 to 10% hydro-
gen concentration under both positive and negative
ambienl pressure,

Response

GE believes the requirements of Regulatory
Guide 1.97, Revision 3, incorporate the above re-
quirements. Section 7.5 compares the ABWR design
against this Regulatory Guide

1A.2.16 ldentification of and Recovery
From Conditions Leading to Inadequate
Core Cooling [1LF.2]

NRC Position

Licensees shall provide a description of any addi-
tional instrumentation controls (primary or backup)
proposed for the plant to supplement existing instru-
mentation (including primary coolant saturation
monitors) in order to provide an unambiguous, casy-
to-interpret indication of inadequate core cooling
(1CC). A descriprion of the functional design re-
quirements for the svstem shall also be included. A
description of the procedures to be used with the
preposed equipment, the analysis used in developing
these procedures, and a schedule for installing the
equipment shall be provided.

Response

The direct water level instrumentation provided
in the ABWR design is capable of detecting
conditions indicative of madequate core cooling,

The ABWR has two sets of four wide range
reactor water level sensing units (cight total) which
are used in two separate two oul of four logics which
mitiate ECCS and other safety functions. Each set of

1A2-10
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four semsors are meed B rwo separate two out of four
lopa which mitiate ECCS operstion. Fow separale
sets of sensing hines, one from each quadrant of the
rescior pressure vessel supply the pressure 1o the
cight sensors for reliability. This ABWR
wrangemen: of reactor water level sensing exceeds
of is al beast equal 10 the redundancy and relabibiny
of the BWR reator waler level measwement systems
reviewed is BWR Owners Growp Repor: SLI-821,
July 1982 The conclusions reached in S11-821 and
companion report SLI-8218, December 1982, also
apply 1o the ABWR. These conclusions meet the
NRC stafl expectation giver in paragraph 4 4.7 of
GESSAR 1] SER (Ssfety Evaluation Report
NUREG-097, April 1983) regarding NUREG-0737,
hem N F2

Bascd on the above information, the existing
hughly redundant direct water level instrumentation
already provides ap unambiguous, casy 10 mterprel
indication of inadequete core cooling and there are
80 plans (o include core-exit thermocouples in the
ABWR design

LIAI00AC
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TABLE 2.0-1
ENVLLOPE OF ABWR STANDARD PLANT SITE DESIGN PARAMETERS

Maximum Ground Water Level. Extreme Wind:  Basic Wi 'S,pcui @
61.0 cm below grade 177 km/hr 7 /209 km /he
Maximum Flood (or Tsunami) Level: Tornade:' "
30.5 em below grade - Maximum tornado wind speed: 453 km /hr
- Maximum Rotational Speed: 386 km /hr
Precipitation (for Roof Design): 8 - Translational velocity: 97 km /hr
- Maximum rainfall rate: 493 cm /hr 2 - Radius: 457 m 3
- Maxmum snow load: 0.024 kg/cm - Maximum pressure drop: 0.141 kg/cm 9
- Rate of pressure drop: (0846 kg/cm™ /sec
- Missile Spectra: Per SRP3514
Spectrum |
Design Temperatures. Soil Properties: R
- Ambient - Minimum Static Bearing Capacity: 732 kg/cq”
mm.m_\u’m - Minimum Shear Wave Velocity: 305 m/sec
- Maximum: 37.8"C dry bulb/25°C wet bulb - Liquefaction Potential: None at plant site
{coincident ), 23.6 C wet bulb (non-comaident) resujung from
- Minimum: -233 C SSE

% Exceedance Yalucs (Historicy) imi a4 :

- Maximum 46.1 Codry bulb/26.7 C wet bulb
{comncident), 23.2 C wet bull (non-coincident) )
- Minimum: -40 C - SSE Peak Ground Acceleration: 0.30g""
- SSE Response Spectra: per Reg Guide 1.60
- SSE Time History: Envelope SSE Response
Spectra

{1) S50-vear recurrence interval; value to be utilized for design of non-safety-related structures
only.

(2) 100-year recurrence interval; value to be utilized for design for safety-related structures
orly.

(3) Probable maximum flood level (PMF ), as defined in ANSI/ANS-2.8, "Determining Design Basis
Flooding at Power Reactor Sites.”

(4) 10.000,006-vear tomad. recurrence interval

(5) Free-field at plant grade elevation.

(6) Deleted

(7) Seeitem 3 in Section 3A4.1 for additional information.

(8) Maximum value for 1 hour over 2.6 km2 probable maximum precipitation (PMP) with ratio of 5
minutes to 1 hour PMP of 0.32 as found in National Weather Source Publication HMR No. 52.

Maximum short term rate: 15.7 ¢ /S min.

(9} This is the minimum shear wave velocity at low stroins after the soil property unceriginties
have been applied
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2.3 COL LICENSE INFORMATION

221 Envelope of Standard Plant Design
Parameters

2.3.1.1 Non-Seismic Design Parameters

Compliance with the envelope of ABWR Standard
Plant site non-seismic design parameters of Table
2.0-1 shall be demonstrated for design bases events.
(Sec Subsection 2.2.1)

2.3.12 Seismic Design Parameters

To confirm the scismic design adegquacy of the
standard plant, the COL applicants shall demonstrate
that the eight (8) site-dependent conditions specified
in Section 3A.1 are satisficd. In mecting these eight
conditions, the compliance with the site envelope
parameters shown in Tabie 2.0-1 for soil properties
and seismology is also established.

If there is any deviation of the cight
site-dependent conditions, a site specific evaluation is
required. The tyvpe of evaluation will vary depending
on the deviation. If the deviation is for condition 1
{peak ground acceleration), 2 (ground response
spectra), or 6 (shear wave velocity), a site specific SSE
soil-structure interaction analysis (SSI) is required.
The calculated site unique responses are compared to
the site-envelope responses defined in Section 3G 4 to
confirm the scismic design adequacy of the standard
plant according to the following procedures and
acceplance criteria.

The Seismic Category | structures including the
RPV and its internal components that are included in
the SS! analysis model:

(1) Design adegquacy s established if maximum
structural responses in terms of force, moment, or
acceleration are bounded by the Section 3G .4
responses (or the actual seismic loads considered

in desym if applicable) at key locations.

(2) If not, calculate resuiting SSE stresses. Design
adequacy is confirmed if combined stresses due to
SSE and other appropriate loads are within design
code allowable limits.

For Scismic Category 1 equipment and piping

whose scismic input is in the form of floor response
spectra:

Amendment 26

Z3AGI0AD
Rev. B

{1) Design adeguacy 15 established if floor
response spectra are bounded by Section 3G 4
spectra (or the actual spectra considered in
design if applicable) at key locations. The site
unigque response spectra used for comparison
necd not be broadened since uncertainties in
the structural frequencies have been
accounted for in the smooth broadened site

envelope snectra.

(2) I not, examine whether the deviations are at
major resonant frequencies of the component
under consideration. If not, design adequacy
is confirmed. Otherwise, perform analysis
and/or testing to demonstrate that the
acceptance criteria given in design

if the soil propertics of the site vary very abruptly
with depth (site-dependent condition 7), a siie
specific SSE SSI analysis is required. The evaluation
procedures and acceptance criteria specified above
are apphicable.

If the soil bearing capacity at the site is not
adequate 10 accommodate the standard plant design
loads (site-dependent condition B), the foundation
material shall be removed and replaced with better
material 1o achieve the required bearing capacity.
Alternatively, the applicant referencing the ABWR
design may perform a site specific analysis to
demonstrate that the site has an adequate bearing

capacity against the site unique loads.

The site-dependent conditions 3 (liquefaction
potential) and 4 (fault displacement potential)

require site specific investigation.

A site specific evaluation is required if the
embedment depths of Scismic Category I buildings
deviate from those from the standard plant design
(site-dependent condition 5). The evalvation
procedure and acceptance criteria are the same as
those defined above for the site specific SSE 8§81

analysis,
222 Standard Review Plan Site Characteristics

Identification and description of all differences
from SRP Section 1l Acceptance Criteria for site
characteristics (as augmented by Table 2.1-1) shall
be provided. Where such differences cxist, the
evaluation shall discuss how the alternate site
characteristic 18 acceptable. In addition, the COL
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apphicant will provide /address the following:
2321 Site Location and Description

COL applicants will provide site-specific
information to site location, including political
subdivisions, natural and man-made features,
population, highways, railways, waterways, and other
significant featares of the arca.

2.3.22 Exclusion Area Authority snd Control

COL applicants will provide site-specific
information related to activities that may be
permitted within the designated exclusion area.

2323 Population Distribution

COL applicants will provide population data for
the site environs.

2.3.2.4 Vdentification of Potential Hazards in Site
Vicinity

COL applicants wil, provide information with
respect to industrial, military, and transportation
facilities and routes to establish the presence and
magnitude of potential external hazards.

23.2.5 Evaluation of Potewntial Accidents

COL applicants will identify potential accident
situations in the vicinity of the plant and the bases for
which these potential accidents were or were not
accommodated in the design.

2326 Externsl Impact Hazards

COL applicants will provide a review and
evaluation of the effects on the protection criteria of
some cxternal impact hazards, such as general
aviation or ncarby explosions.

22.2.7 Local Meteorology

COL applicants will provide local meteorology
for NRC review

2.3.2.8 Onsite Meteorological Measurements
Program
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COL applicants will provide the onsite
meteorological measurements programs.

2329 Short-Term Dispersion Estimates for
Accidentsl Atmospheric Releases

COL applicants will provide site-specific
short-term dispersion estimates for NRC review to
ensure that the envelope values (Tables 15.6-3,
15.6-7, 15.6-13, 15.6-14 and 15.6-18) of relative
concentiations are not exceeded.

23210 Long-Term Diffusion Estimates

COL applicants will provide annual average
atmospheric dispersion values for routine releases
for NRC review.

23211 Hydrologic Description

COL applicants will provide a detailed description
of all major hydrologic features on or in the vicinity
of the site. They will also provide a specific
description of the site and all safety-related
elevations, structures, €XIErion accesses, equipment,
and systems from the standpoint of hydrology

2.22.12 Floods

COL applicants will provide site-specific
information related to historical flooding and the
potential flooding at the plamt site, including flood
history, flood design considerations, and effects of
local intense precipitation.

2.2.3.13 Probable Maximum Flood on Streams and
Rivers

COL applicants will provide site-specific
information related to determining design-basis
flooding at po- - reactor sites and the extent of

flood protection _quired for those safety-related
systems, structures, and components.

23214 lce Effects
COL applicants will demonstrate that
safety-related facilities and water supply are not
affected by ice flooding or blockage.
23215 Cooling Water Channels and Reservoirs
COL applicants will provide the basis for the
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hvdraulic design of channcls and reservoirs used to
transport and impound plant cooling and for
protection of safety-related structures.

23216 Channel Division

COL applicants wili provide site-specific
information related 1o channel diversion.

232.17 Flooding Protection Requirements

COL applicants will provide site-specific
information reciated to flooding protection
requirements.

23218 Cooling Water Supply

COL applicants will identify natursl events that
may reduce or limit the available cooling water
supply and ensure that an adequate water supply will
exist to operate or shutdown the plant as required.

223219 Accidental Release of Liguid EMuents in
Ground and Surface Waters

COL applicants will provide information on the
ability of the surface water environment to disperse,
dilute, or concentrate accidental releases. Effects of
these releases on existing and known future use of
surface water /resources shall also be prownded.

23220 Technicsl Specifications and Emergency
Operation Reguirement

COL applicants will establish the technical
specifications and emergency procedures required to
implement flood protection for safety-related
facilitics and provide assurance of an adequate water
supply 10 shutdown and cool the reacior.

23221 Basic Geological and Seismic Information

COL applicants will provide site-specific
information related to regional and site

physiography, geomorphology, stratigraphy, lithology

and tectonics.
23222 Vibratory Ground Mation

COL applicants will develop site-specific
geological, seismoiogical, and geotechnical data and
will submit these data to the NRC for review. These
data should be comparable 1o the design basir
assumptions regarding the SSE, including the
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verification of the ground motion response spectra.
23222 Surface Faulting

COL applicants will develop site-specific
geological data 1o ensure that no potential exists for
surface faulting at the sitc.

23224 Stability of Subsurface Material and
Foundation

COL applicants will develop and submit 1o the
NRC site-specific geotechmical data to demonstrate
that they are comparable 1o the design assumptions
concerning the soil-deposit depths, the soil profile
and properties, and the ground water level
Particular attention should be paid to the
assumptions for the depth of embedment in the case
of rock and the three cases of soil-deposit depths for
which fixed values of depths are assumed. COL
applicants will demonstrate that the envelope of
structural response with fixed soil depth will cover
completely the cases for which the soil deposit
depths and properties are different from those
assumed in the SSAR.

23225 Site and Facilities

COL applicants will provide a detailed description
of the site conditions and geologic features and
demonstrate the site charactensiics are enveloped by
the 0.3g peak horizontal ground acceleration for the
SSE. The description will include site topographacal
features and the location of various Seismic Category
I structures and appurtenances (pipelines, channels,
etc.) with respect to the source of normal and

emergency cooling water.

23226 Field Investigations

The type, quantity, extent, and purpose of all ficld
exploration will be provided by COL applicants.
Logs of all borings and test pits should be provided.
Results of geophysical surveys should be presented in
tables and profiles. Records of ficld plate load tests,
ficld permeability tests, and other special ficld tests
{e.g., bore-hold extensometer or pressuremeter
tests) should be given.

23227 Laboratory luvestigations

The number and type of laboratory tests and the
location of samples should be provided by the COL
applicant in tabular form. The results of laboratory
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tests on disturbed and undisturbed soil and rock
samples obtained from ficld investigations should
also be provided.

| 23228 Subserface Conditions

COL applicants will investigate and define the
subsurface conditions and provide the engincering
classifications and descriptions of soil and rock
supporting the foundations. The information should
include the history of soil deposition and erosion,
past and present goundwater levels, glacial or other
preloading influences, rock weathering, and any rock
or soil characteristics that may present a hazard to
plant safety. Profiles through the Seismic Category |

| structures will be provided that show gencralized
subsurface features beneath these structures.

| 23229 Excavation and Backfilling for Foundation
Construction

COL applicants will provide site specific
thickness and propertics of soil (if any) between the
base of the foundation and the underlying rock. The
configuration, along with detailed longitudinal
sections and cross sections of other safety-related
structures of the plant, incloding the ultimate heat
sink and Scismic Category I buried pipes and elec-
trical ducts, should be provided. COL apphcants

| will provide data concerning the extent (horizontally
and vertically) of all Seismic Category 1 excavations,
fills, and slopes. The locations, elevations, and
grades for excavated slopes should be described and
shown on plot plans and typical cross-sections. CGL
apphcants’ submittals should discuss, as appropriate,
excavating and dewatering methods, excavation
depths below grade, ficld inspection and testing of
excavations, protection of foundation excavations
from deterioration during construction, and the
foundation dental fill work. The sources, guantitics,
and static and dynamic enginecring properties of
borrow materials will be described. The compaction
requirements; results of test fills, and fill properties,
such as moisture content, density, permeability,
compressibility, and gradation should be provided.

| 23230 Groundwater Level

COL applicants will analyze the goundwater
condition for the specific site and demonstrate its
comparability with the ABWR design assumptions.
This demonstration should include the effect of the
actual groundwater lovel on such site geotechnical
propesties as total and effective unit weights,
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cohesion and angle of internal friction, and dynamic
soil propertics used in dynamic response analvsis.

23231 Liguefaction Potential

COL applicants must demonstrate that no
ligucfaction potential exists for soils under and
around all Scismic Category | structures, including
Category | buried pipelines and electrical ducts.
COL applicants will justify the selection of the soii
propertics used in the hiquefaction potential
evaluation (c.g., laboratory tests, field tests, and
published data), the magnitude and duration of the
carthquake and the number of cycles of carthquakes.

23232 Response of Soil and Rock to Dynamic
Loading

COL applicants must establish and document
site-specific geotechnical properties to demonstrate
their comparability with the conditions used for the
scismic design envelope described in Appendix 3A.

23232 Maximum Soil Bearing Pressure

COL applicants will provide the site-specific
maximum soil pressure along with supporting
calculations and will compare them with allowable
valves. s

23234 Earth Pressures

COL applicants will provide a discussion and
evaluation of static and dynamic lateral carth
pressures and hydrostatic groundwater pressures
acting on plant facilities to the extent necessary to
demonstrate that these pressures meet the design
bases for the ABWR and to address all facilities
outside the ABWR scope.

2.3.2 .35 Soil Properties for Seismic Analysis of
Buried Pipes

COL applicants will provide and justify the soil
properties used fro the seismic analysis of scismic
Category | buried pipes and electrical conduits.

23236 Static and Dynamic Stability of Facilities

COL applicants will analyze all safety-related
facilitics 1o the exteni necessary to demonstrate that
their stability meets the ABWR design bases and 1o
address all plant facilities outside the ABWR scope.
These analyses may include foundation rebound,
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scttiement, differential settiement, and bearing
capacity that will be addressed for design loads of
fills and plant facilities. Assumptions made in
stability analyses will be confirmed by as-built data.

| 23237 Subsurface Instrumentatios

Instrumentation, if any, proposed for the
surveillance of the performance of the foundations
for safety-related structures will be described by
COL applicants. The type, location, and purpose of
cach instrument and significant details of nstallation
methods will be provided. For example. the location
and the installation procedures for permanent
benchmarks and markers required for monitoring
the settiement of Category 1 structures should be
described. In the case of safety-related water-control
structures (such as dams, slopes, canals), the details
of installing instrumentation such as piezometers,
slope indicators, and settlement plates should be
described. A schedule for installing and reading all
mnstruments and for interpreting the data will be
presented. Limiting values for continued safety
should be identified.

23238 Stability of Slopes

COL applicants will previde information about
the static and dynamic stability of all soil and rock
slopes, the failure of which could adversely affect the
safety of the plant. The staff will evaluate the
stability of all slopes at the site, using the
state-of-the-art procedures available at the ume of
application.

] 23239 E.sbarkments and Dams

COL applicants should provide information
about the static and dvnamic stability of all
embankments and dams that impound water
required for safe operation (and shutdown) of the
ABWR for review by the NRC if embankments and
dams are used.

2.3.3 CRAC 2 Computer Code Calculations

Compliance with acceptance criteria, data mput
and analysis of Subsection 2.2.2 for the
determination of ABWR site acceptability for severe
accidents shall be demonstrated.
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TABLE 3.2-1

CLASSIFICATION SUMMARY (Continued)

S*(‘ Loca-
Principal Component” Class”  tion
K1  Radwaste System

1. Drain piping including supports N ALL

and valves - radioactive {except
RZX)

2. Drain piping including supports N ALL
and valves - nonradioactive

3. Piping and valves - 2 CSC
contamment isolation

4. Piping including supports N CsC
and valves forming part of
containment boundary

5. Pressure vessels including N W
Supports

6.  Atmosphenic tanks including N CSCH,
supports ™™w

7. (-15 PSIG Tanks and supports N W

8. Heat exchangers and supports N CSCW

9. Piping including supports N CSCH,
and valves W

10. Other mechanical and N ALL
electrical modules

1i. ECCS equipment room N SC

sump backflow protect-
ion check valves

Ni  Turbine Main Steam System

-

Deleted (See B2.5)
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TABLE 3.2-1
CLASSIFICATION SUMMARY (Continued)
Quality
“sroup Quality
l‘n' C‘.‘d' M“l 2ance I.M‘
a Y 3 d f
Principal Component Class’  tion'  fication”  Reguirement’ Category  Nofes
N1  Turbine Main Stesm System (Continued)
2 Branch line of MSL including N SCT B B - (r)
supports between the second
isolation valve and the turbine
stop valve from branch point at
MSL 10 and including the first
valve in the branch bine
N2  Condensate, Feedwster and Condensale
Air Extraction System
1. Main feedwater line (MFL) N SC B B I
including supports from second
wolation valve branch lines
and components bevond and
including cutboard shutoff
valves
2. Feedwater system components N f § D E -
beyond outboard shutoff valve
N1  Heater, Drain and Vent System N T E
N4  Condensate Purification System N T E -
N&  Condensate Filter Facility N T E -
N6 Condensate Demineralizer N T - E
N7  Main Turbine N T E -
N8 Turbine Control System
1. Turbine stop valve, turbine N T D E {(){n)(o)

bypass valves, and the main
steam leads from the turbine
stop valve up to the turbine
casing
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TABLE 3.2-1
CLASSIFICATION SUMMARY (Continued)
Quality
Group
Sal lact_ Classi- 5 Seismic ¢
Priacipsl Component Class tign ficetion  Kequirement  Category  Notes
P? Reactor Building Cooling Water System (Continued)
3. Electrical modules with 3 SCCX - I
with safety-related function
4. Cable with safety-related 3 SCCX - 1
function
5. Other mechanical and N SC.CXM - -
clectrical modules
P4 Turbine Building Cooling N | D
Water System
P HVAC Norma! Cooling N CSCRZ, - -
Water System X
P6 HVAC Emergency Cooling Water System
1. Chillers, pumps, valves, and 3 SCX C 1
piping including supports
2. Piping including supports and 2 €5C B 1
valves forming part of contain-
ment boundary
3. Electrical modules and cable 3 SCX I
with safety-related function
4. Other mechanical and N CSCRZ, --
clectrical modales X
P7 Oxygen Injection System N T
| P8 Ultimate Heat Sink 3 0 C 1
P9 Reactor Service Water System
1. Safety-related piping 3 Uuox ¢ I
including supports, piping
and valves
Amendment 26 3223
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TASLE 3.2-1
CLASSIFICATION SUMMARY (Continued)

Quality
Group Quality
Safety Loca-  Classi- Assurance Seismic
Principal Component® Class®  tion®  fication®  Requirement® Category'  Notes
P9 Reactor Service Water System (Continued)

2. Electrical modules and cables 3 UoXxX - B I
with safety-related function

3. Other non-safety related N vox - E -
mechanical and electrical
moduies

P10 Terbine Service Water Svstem

1. Non-safety related piping N POT —e E
including supports, piping
and valves

I

Electrical modules and cables N *0.T E
with non-safety related
function

P11 Station Service Air System

1. Containment isolation inclod- 2 ( B B ]
ing supports, valves and piping
2. Other non-safety related N SCRZ, - E
mechanical and clectrical X.TH,
components w.C
P12 Instrument Air Service
1. Containment tsolation includ- 2 C B B I
ing supports, valves and piping
2. Other non-safety related N SCRZ, - E -
mechanical and electrical X.TH,
components w.C
P13 High Pressure Nitrogen Gas
Supply Systems
1. Containment solation includ- 2 C B B I

ing supports, valves and piping
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3.3 WIND AND TORNADO LOADINGS

ABWR Standard Plant stractures vhich are
Seismic Catcgory 1 are designed for tornado and
extreme wind phenomena.

31.3.1 Wind ioadings
3311 Design Wind Velocity

Seismic Category | structures are designed to
withstand & design wind velocity of 130 mph at an
elevation of 33 fect above grade with a recur-
rence interval of 100 years. See Subsection
3.3.3.1 for interface requirement.

313.1.2 Determination of Applied Forces

The design wind velocity is converted to
velocity pressure in accordance with Reference 1
using the formula:

5
q, =000256K (V)"

where K. =the velocity pressure exposure
coefficient which depends upon the
type of exposure and height (2)
above groend per Table 6 of
Reference 1

I = the importance factor which depends
on the type of exposure; appropriate
values of 1 zre listed in Table

3.3-1,
v = design wind velocity of 130 mph, and
q, = velocity pressure in psf

The velocity pressure (qz) distribution with
height for exposure types C and D of Reference 1
are given in Table 3.3-2.

The design wind pressures and forcees for
buildings, components and cladding, and other
structures at various heights above the ground
are obtained, in accordance with Table 4 of
Reference 1 by multiplying the velocity pressure
by the appropriate pressure coeflicients and gust
factors. Gust factors are in accordance with
Table 8 of Reference 1. Appropriate pressure
cocfficients are in accordance with Figures 2,
3a, 3b, 4, and Tables 9 and 11 through 16 of
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Reference 1. Reference 2 is used to obtain the
effective wind pressures for cases which Refer-
ence 1 does not cover. Since the Seismic Cat-
egory | structures are not slender or flexible,
voriex-shedding analysis is not required and the
above wind loading is applied as a static load.

3.3.2 Tornado Loadings
31321 Applicable Design Parameters

The design basis tornado is described by the
following parameters:

(1) A maxxmum tornado wind speed of 300 mph at a
radius of 150 feet from the center of the
tornado,

(2) A maximum translational velocity of 60 mph;

(3) A maximum tangential velocity of 240 mph,
based on the translational velocity of 60
mph;

{4) A maximum atmospheric pressure drop of 2.00
psi with a rate of the pressure change of
1.2 psi per second. and

(5) The spectrum of tornado-generated missiles
and their pertinent characteristics as given
in Subsection 3.5.1 4.

See Subsection 3.3.3.2 for COL license
information.

33212 Determination of Forces on Structures

The procedures of transforming the tornado
loading into effective loads and the distribu-
tion across the structures are in accordance
with Reference 4. The procedure for transform-
ing the tornado-generated missile impact into an
effective or equivalent static load on struc-
tures is given in Subscction 3.5.3.1. The load-
ing combinations of the individual tornado load-
ing components and the load factors arc in accor-
dance with Reference 4.

The reactor building and control building are
not venied structures, The exposed exterior
roofs and walls of these structures are designed
for the 2.00 psi pressure drop. Tornado dampers
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arc provided on all air intake and exhaust
openings. These dampers are designed (o
withstand a negative 1.46 psi pressure.

3323 Effect of Failure of Saructures or
Components Not Designed for Tornado Loads . Bechtel Topical Report BC-TOP-3-A, Revision
3, Tomado and Extreme Wind Design Criteria
All safety-related system and components are for Nuciear Power Plants.
protected within tornado-resistant structures.

See Subsection 3.3.3.3 for COL license inform-
ation.

3.3.3 COL License Information

3331 Site-Specific Design Basis Wiad

The site-specific design basis wind shall not
exceed the design basis wind given in Table 2.0-1
(See Subsection 2.2.1)

3332 Site-Specific Design Basis Tornado
The site-specific design basis tornado shall

not exceed the design basis tornado given in
Table 2.0-1 (Sce Subsection 2.2.1).

3.3.3.3 Effect of non-Seismic Category | .
Structures, and Components not Designed for
Tornado Loads

The COL applicant will ensure that the
collapse of non-seismic Category 1 structures,
such as cooling towers or stacks outside the
scope of the ABWR Standard Plant, will not
endanger seismic Category | structures and that
site-dependent effects of blast loads will be
less than those of design tornado pressures (sce
Subsection 3.3.2.3).

3.3.4 References

1. ANSI Standard AS8.1, Minimum Design Loads
for Buildings and Other Structures,
Committee A. 581, American National
Standards Institute.

2 ASCE Paper No. 3269, Wind Forces on
Structures, Transactions of the American
Society of Civil Enginecrs, Vol. 126, Part
1.

|
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3411216 Evalustion of Floor 600 (3F)

Flooding events at this floor level may
involve fuel oil as well as water. Those
divisional rooms associated with the emergency
diesel gencrator fuel tank and cooling system,
have the potential of lcakage from the fucl
storage tanks. These rooms must accommodate
leakage of 11.4 cubic meter (3000 gallons) for
cach division. Twently cm (& inches) sills on
entry to these areas successfully contain all the
volume in the tanks. Leakage from these tanks
will also be monitored through safety grade level
indication and alarm eguipment so that protracied
leakage as well as gross leakage can be
identified. The rooms are protected by CO
firefighting systemm. Water flooding may occur
from the cooling system at about .15 cubic
meter /minutes (41 gpm). If undetected for
several hours water may begin cascading down the
nearest stairwell but is prevented from entering
other division areas by raised sills,

In the SGTS arcas, the room coohng equipment
may cause flooding at a rate .15 cubic meter/
minute (41 gpm). Raised sills prevent intrusion
of water into rooms of another division.
Flooding may also occur from manual firefighting
in equipment maintenance arcas or from leakage
from the standby liquid control tanks. Maximum
tank leak rate will be .1 cubic meter/minute (25
gpm) so that a response to tank level alarms
within 10 minutes will limit loss to one cubic
meter (or 250 gallons). Large floor arcas permit
soread of water at hmited depth.

3.4.1.12.1.7 Evaluation of Floor 706 (M4F)

Flooding in the FMCRD pant] rooms may occur
from firefighting activities at an input rate of
57 cubic meters/minute (150 gpm). Since these
activitics are manually controlled, any excessive
depth of water will be noted and action taken to
mitigate water intrusion 1o other arcas,
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Flooding on this level may also occur from
room cooling systems or from firefighting
efforts. Cooling system failures in air supply,
exhaust or filler rooms may ailow flooding at
the rate of 3 cubic meter/minute (80 gpm) which
will flow owut into adjacent corridor arcas I
undctected for 10 minutes, the approximate 3
cubic meter (800 gallons) released may create a
depth of a few millimeters over the available
floor arca; a very limited amount of water will
cascade down the stairwells. Divisional arcas
encompassing the three emergency clectric supply
fans and the RIP A exhaust will include raised
silis to preclude water intrusion although water
depth will be slight. Equipment pedestals will
also minimize flooding impact on all equipment.

Firefighting sctiviticr in this arca would
cause water inflow of .57 cubic meter/minute
(150 gpm) under controlled conditions and
expected water intrusion is no more than that
above.

3411218 Evalustion of Floor 800 (2F)

Flooding on this floor can be causcd by
rupture of the RCW surge tanks A, B & C piping.
However, cach tank and its associaled piping is
loc 4ed in a separate compartment which can be
scaled off in the event of accidental flooding
The use of raised silis on entry wavs will
contain the seepage to the flooded arca. Also,
the use of pedestals for equipment installation
of the RIP supply and exhaused fans and for the
DG-C exhaust fans will guard against flooding
this equipment.

Flooding in the r.ain reactor hall may occur
from reactor serace operations, but will be
drained into service pools. Firefighting water
expended into this area would occur al a maximum

rate of .57 cubic meter/minute {150 gpm) but |

will spread over the large service arca
available. Minor amounts of water may find the
way to stairwells, but would not impede
operations.

3.4.1.12.19 Flooding Summary Evaluation

Floor-by-floor analysis of potential pipe
failure generated flooding events in the reactor
building shows the following:

3as
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(1) Where extensive flooding may occur in &
division rated compartment, propagation 1o
other divisions is prevented by watertight
doors or sealed batches. Flooding in one
division is limited to that division and
flood water cannot propagate 1o other
divisions.

{2) Lecakage of water from large circulating
water lines, such as reactor building
cooling water lines may flood rooms and
corridors, but through sump alarms and
icakage detection systems the control room
is alerted and can control flooding by
system isolation. Divisional arcas are
protecied by watertight doors, or where only
limited water depth can occur, by raiscd
sills with pedestal mounted equipment within
the protected rooms.

(3) Limited flooding that mey occur from manual
firefighting or from lines and tanks having
limited inventory is restrained from
entering division arcas by raised sills and
elevation differences.

Thercfore, within the reactor building,
internal flooding events as postulated will not
prevent the safe shutdown of the reactor.

141122 Evsleation of Control Building
Flooding Events

The control building 15 a seven slory
building. It houses in separate arcas, the
control room proper, control and instrument
cabinets with power supphes, closed cooling
water pumps and heat exchangers, mechanical
equipment (HVAC and chillers) necessary for
building occupation and environmental control for
computer and control cquipment, and the sicam
tunncl.

The only high eucrgy lines in the coantrol
building are the mainstcam lines and fecdwater
lines which pass through the stcam tuneel
connecting the reactor building to the turbine
building. There are wo openings into the conirol
building from the stcam tunnel. The tunncl s
scaled st the reactor building end and open at
the turbine building end. It consists of
reinforced concreie with 2 meter thick walls.
Any break in 2 mainsteam or a feedwater line will
flood the steam tunnel with sicam. The rate of
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blowdown will cause most of the steam 1o vent
out of the tunnel into the turbine buiiding.
Water or steam cannot cnier the control
building. Sec Section 3.6.1.3.2.3 for 2
deseription of the subcompartment pressurization
analysis performed for the sicam tunncl

Moderate energy water services in the control
building comprise 28-inch service water hines,
18-inch cooling water lines, 6-inch cooling
water lines to the chiller condenser, 6-inch
fire protection lines, and 6-inch chilled water
heater lines. Smaller lines supply drinking
water, sanitary waler and makeup for the chilled
waler system. Arcas with water pipe routed
through are supplicd with floor drains and curbs
to route leakage to the basement floor so that
contrn] or computer equipment is not subjecied
to water. In those arcas where water infusion
cannot be tolerated, rhe access sills are
raised.

Maximum flooding may occur from leakage in a
2%-inch service water line at @ maximum rate of
12.0 cubic meters/minute (3150 gpm). Early
detection by alarm to control room personncl
will limit the extent of flooding which will
also be mitigated by drainage to exterior of the
building. The expected release of a service
water Jeak is limited te line volume pius
operator response time times leakage rate. The
assumed operator response time it 30 minuies to
close isolation valves and turn off the pump in
the affected service water division. Water will
be contained inside a division of closed cooling
water equipment rooms in the bottom level of the
control building. A maximum of 5.0 meters of
water in a divisional room is expected. Water
tight doors will confine the water to a
division.

The failure of a cooling water line in the
mechanical rooms of the turbine building may
result in a leak of 0.6 cubic meter /minute (160
gpm). Early detection by control room personnel
will limit the extent of flooding. Total
release from the chilled water system will be
limited to line inventory and surge tank volume,
spillage of more than 6 cubic meters (1500
gallons) is unlikely. Elevation differences and
separation of the mechanical functions from the
remainder of the control building prevent
propagation of the water to the control arca.
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maximum of 2.15 meters of water in a divisional
room is expected. Water tight doors wili confine
the water to @ division.

The fatlure of a cooling water line in the
mechanical rooms of the turbine building may
result in a leak of 0.6 cubic meter /minute {160
gpm). Early detection by centrol room personnel
will limit the extent of flooding. Total relecase
from the chilled water svstem will be limited 1o
line inventory and surge tank volume, spillage of
more than 6 cubic meters (1500 gallons) is
unlikely. tlevation differences and separation
of the mechanical functions from the remainder of
the control building prevent propagation of the
water 10 the control arca.

Flooding events that mav result from the
failure of the fire fighting systems within the
contral building do not inhibit plant safety,
There are no sprinkler systems in the control
building. Hose and standpipes are located in the
corridors. Service equipment rooms may build up
limited water levels from cither service water,
cooling water, or chilled water leaks, but
elevation differences and raised sills prevent
intrusion of water into control arcas. Control
room responses 1o those various levels of
flooding may extend from system isclation and
correction 1o reduction of plant load or
shutdown, but control room capability is not
compromised by any of the postulated flooding
evenls,

3.4.1.1223 Evaluation of Radwaste Building
Floading Event

The radwaste building s a reinforced
concrete structure designed as Seismic Category
I, consisting of a substructure 13.8 meters below
grade and a supcr-structure 16 meters above
grade. This building does not contain
safety-related equipment and is not conligeous
with other plant structures except through a pipe
tunncl. In case of a flood, the building
substructure serves as a large sump which can
collect and hold any leakage within the
building. Also, the medium and large radwaste
tanks arc housed n scaled compartments which are
designed to contain any spillage or icakage from
tanks that may rupture. The piping that trans-,
fers the liguid waste from the other buildings
traverses through a scaled water-tight tuanel to
the radwaste building 3t an clevation of -3,500
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mm, which is 3 meters above the radwaste
building basement slab. This tunnel connects to
the turbine and reactor buildings at the same
elevation,

The structural design of this building s
such that ne internal flooding is expected or
will occur under the worst case conditions from
those tanks that are isolated by the Seismic
Category | compartments.

Flooding from other souvrces within the
building such as internal radwaste and
pon-radwaste piping, plant drains, small tanks,
and pumps is not expected to cause the water
level to rise more than 1 meter above the flood
depth of 3 meters to reach the tunnel and spread
radioactive liguid waste to other buildings that
house safety-related svstems.

Therefore, it can be concluded from the above
analysis that there i1s no uncontrolled Jeakage
path of radioactive liquid from the radwaste
building under the conditions of worst-case
internal flooding.

31.4.1.1.2.4 Evaluation of Service Building
Flooding Events

The service building i1s & non-seismic
comcrete structure consisting of four floors,
two above and two below grade. It serves as the
main sccurity eatrance 1o the plant and provides
the controlled access tunnels to the contrel
building, the turbine building, and the reactor
building. This building does not house any
safety-related cquipment.

The connecting access tunnels to other
buildings are below plant grade as indicated in
Tabde 3.4-1. These passage ways arc water tight
to prevent scepage into the tunncls. Also, the
controlled access chambers employ curbs and
closed doors at both ends of the tunocl that
guard against water leakage into structures that
house safety-related cquipment.

The only plant piping that run through this
building are those necded for fire protection,
water services, HVAC heaters and chillers, and
for draining the sumps. This building has floor
drains and two sump pumps (HCW & HSD) for
collecting and transferring the hiquid waste.
Under worsi-case conditions, flooding from line
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ruptures is unlikely and can by contained from
spreading to the structures that house safety-
related eguipment.

3.4.1.1.2.5 Evalustion of Turbine Building
Flooding Events

Circulating water system and turbine building
service water system sre the only systems large
enough to fill the condenser pit; therefore, only
these two svstems can flood inte adjacent
buildings.

A failure in cither of these systems will
result in the total flooding of the turbine
building up to grade. Water is prevented from
crossing to other buildings by two means. The
first is 2 normally closed alarmed door in the
connecting passage * ttween the turbine buslding
and scrvice building. The sccond is that the
radwaste tunnel will be scaled at all ends to
rrevent water from cither entering the tunnel or
leaving the tunnel. A large hydrostatic head is
prevented by a large non-water-tight truck door
at grade to provide a relecase point for any
waler

Because of the large size of the circulating
water system, a leak will fill the condenser pit
quickly. Monitors were added in the condenser
pit of the turbine building to provide leak
detection and an automatic means to shutdown the
circulating water system in the event of flooding
in the turbine building (sce Subsection
10.4.5.2.3 and 10.4.5.6).

3412 Permanent Dewatering System

There is no permanent dewatering system
provided for in the flood design.

31.4.2 Analvtical and Test Procedures

Since the design flood elevation is one foot
below the finished plant grade, there is no
dynamic force due to flood. The lateral
hvdrostatic pressure on the structures due to the
design flood water level, as well as ground water
and soil pressures, are calculated.

Structures, systems, and components in the
ABWR Standard Nucicar Island designed and
analyzed for the maximum hydrostatic and
hydrodynamic forces m accordance with the loads
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and load combinations indicated in Subsection
3.8.4.3 and 3.8.5.3 using well cstablished
methods based on the general principles of
engincering mechanics. All Seismic Category |
structures are in stcble condition duc to cither
moment or uplift forces which resolt from the
proper load combinations including the design
basis flood.

14.3 COL License Information
1431 Flood Elevatior

The design basis flood elevation for the ABWR
Standard Plant structures is one footl below
grade.

2432 Ground Water Elevation

The design basis ground water elevation for
the ABWR Standaré Plant siructures is two feet
below grade.

3423 Flood Protection Requirements for Other
Structures

The COL applicant will demonstrate, for the
structures outside the scope of the ABWR
Standard Plant, that they meet the requirements
of GI:C 2 and the guidance of RG 1.102. (See
Subsection 3.4.1.1.2)

3.4.4 References

1. Crane Co., Flow of Fluids Through Valves,
Fittings, and Pipe, Technical Paper No.
410, 1973,

]

ANSI/ANS 56.11, Standard, Design Criteria
for Protection Against the Effects of
Companiment Flooding in Light Water Reacior
Plants.

3. Regulatory Guide 1.59, Rev. 2 Design Basis
Floods for Nuclear Power Plants.
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Table3.4.1

. STRUCTURES, PENETR..TIONS, AND ACCESS OPENINGS
DESIGNED FOR FLOOD PROTECTION

Reactor Service Control Radwaste Turbine
Structure Building Building Building Buiiding Building
Design Flood Level (mm) 11,700 11,700 11,700 11,706 11,700
Reference Plant Grade (mm) 12 12,000 12,000 12,000 12,0606
Base Slab {mm) -8,200 2150 & -8,200 -1,500 530
3500
Actual Plant Grade (mm) 12,000 12,000 12,000 12,000 12,000
Building Height (mm 49700 22,200 22,200 28,000 54,300
Penetrations Below Design Refer 1o None Refer to None None
Flood Level Table 6.2-9 Table 6.2-9
for RCW lines
! Access Openings Below Access way from  Mamn Entrance  Area Access Pipe Tunne! Arca Access
. ! Design Flood Level S/B @ 4 800mm @ grade l-vel from §/B from R/B&T/B  from S/B @
TMSL @ -2150mm, HX, @15006mm 7 900mm
Aren Access Note 3 Tunnel from
fromS/B @ RWB @& B0Ome:
12.050mm
Notes:
i Water tight doors (bulkhead tvpe) are provided at all reactor and control building access ways

that are below grade.

*

Water tight penctrations will be provided for all reactor, radwaste building and control building
penetrations that are below grade.

3 The lines that run through the radwasie building tunnel are not exposed to outside ground
flooding.
4 Penetrations below design flood level will be scaled aganst any hydrostatic head resulting from

# moderate encrgy pipe failure in the tunnel or connecting building.
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3511 Internally Genersted Missiles (Outside
Containment)

These missiles are considered to be those
missiles resulting internally from plant
equipment failures within the ABWR Standard Plant

35111 Rotating Equipment

3.£1.1.1.1 Missile Characterization

Equipment within the gencral categories of
pumps, fans, blowers, diesel generators, compres-
sors, and turbines and, in particular, components
in systems normaliy functioning during power re-
actor operation, has been examined for any possi-
ble source of credible and significant missiles.

31£1.1.12 RCIC Steam Turbine

The RCIC sicam turbine driving the pump is not
a credible source of missiles. It is provided
with mechanical overspeed protection as well as
automatic governing; very extensive industrial
and nuclear experience with this model of turbine
has never resulted in a missile which penetrated
the turbise casing.

3151113 Main Steam Turbine

Acceptance criteria 1 of SRP Section 3513
considers @ plant with a favorable turbine gen-
erator placement and orientation and adhering to
the guidelines of Regulatory Guide 1.115 ad-
equately protected against turbine missile haz-
ards. Further, this criterion specifies that
exclusions of safety-related structures, systems
or components from low trajectory turbine missile
strike zones comstitutes adequate protection
against low trajectory terbine missiles. The
turbine generator placement and orientation of
the ABWR Standard Plant meets the guidclines of
Regulatory Guide 1.115 as illustrated in Figure
3.5-2.

In addition, the COL applicant shall:

(1) Submit for NRC approval, within three years
of obtaining an operating license, a turbine
system maintenance program including
probability calculations of turbine missile
generation based on the NRC approved
methodology (such as Reference 10), or
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(2) Volumetrically inspect all low pressure
turbine rotors at the sccond refucling
outage and every other (alternate) refueling
outage thereafter until a maintenance
program is appioved by the staff.

(3) Mcet the minimum reguirement for the
probability of turbine missile gencration
given in Table 3.5-1.

Sce Subsection 3.5.4.6 for COL license
information.

315.1.1.1.4 Other Missile Analysis

No remaining credible missiles meet the
significance criteria having a probability
(P,) greater than 107" per year for rotating
or pressurized equipment, because cither:

(1) The equipment design and manufacturing
criteria mentioned preyously result in
(Pl) being icss than 10  per year; or

(2) Sufficient physical separation (barriers
and/or distance) of safety-related and
redundant cquipment cxists so that the
combined probability (P, x P_) is less

- 1 2
than 10 per year.

These conclusions are arrived at by noting
that pumps, fans, and the like are AC powered.
Their speed is governed by the frequency of the
AC power supply. Since the AC power supply
frequency variation is limited to a narrow
range, it is not likely they will attain an
overspeed condition. At rated speed, if a piecc
such as a fan blade breaks off, it will not
penctrate the casing. The issue of missile
generation in rotating machinery is a general
safety problem which is not limited to nuclear
applications. The designers and manufacturers
of these equipment consider this factor as a
requirement in their design. Industrial
experience and studies conducted on system
components indicate that the probability of a
missile zscaping the casing is very low. GE has
2lso conducted a study on potenticl missile
generation from electrical machines (motors,
exciters, gencrators), flexible covplings and
fluid drives. One example where missile
generation is significant is in fluid drives



ABWR
Standard Plant

where the rotating part and housing diameters arc
big and the relative thickness of the housing is
small, Reference 1. Based on the results from
this study it was concluded that the potential of
a missile being generated and leaving the
cquipment housing is negligibly small.

3151.12 Pressurized Components
151121 Missile Characterization

Potential missiles which could result from the
failure of pressurized components are analyzed in
this subsection. Thesc potential missiles may be
categorized as contained fluid-energy missiles or
stored strain-encrgy (clastic) missiles. These
potential missiles have been conservatively
evaluated against the design criteria in
Sut section 3.5.1.

Examples of potential contained fluid-energy
missiles are valve bonnets, valve stems, and
retaining bolts. Valve bonnets are considered
jet-propelled missiles and have been analyzed as
such. Valve stems have been analyzed as
piston-type missiles, while retaining bolts are
examples of stored strain-energy missiles.

351.1.22 Missile Analyses
Pressurized components outside the contain-

ment capable of producing missiles have been
reviewed. Although piping failures could result
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welded to the wall of the pipe. An unalysis
of a postulated failure of this weld has
been performed. The following expression
relates the missile displacement and
velocity following the postulated failure:

im " () l]

where

v = dis*ance traveled by the missile
irom the break (ft)

W = mssile weight (1b)

A = frontal area of missile (ft%)

Ueo = asymptotic velocity of jet
(ft/sec)

Vo = asymptotic specific volume of

jet (f13/1b)
v = welocity of missile (fi /sec)

inherently, the water and steam velocitics
are cqual (i.e., a unity velocity ratio) n
a saturated water blowdown. The jet asymp-
totic velocity (ug) and the jet asympto-
tic specific volume are determined by the
methods described by Reference 2. The
corresponding velocity-displacement rela-
tionships for missiles resulting from satu-
rated water and saturated steam blowdowns
are presented in Figure 3.5-1. The ordinate
is the missiie velocity, V, and the abscissa
15 the displacement parameter, Y*, given by

Y* = v
(W/A)
included in Figurce 3.5-1 is the influeace of

different values of the friction parameter,
f*, defined by

") ()

where
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(D P = equivalent loss coefficient
between the broken
pressurized component and
fluid reservoir, dimension-

less;
Ag = arca of break, ft%; and
Ap = area of pressurized

component between break and
fluid reservoir, ft2
(assumes Ap 2 Ag).

As illustrated in Figure 3.5-1, the effect
of friction on the velocity-displacement
relationship is reasonably small. It can be
conservatively assumed that the most extreme
friction condition persists with f* = 100
for the case of saturated water blowdown and
f* = 0 for the case of saturated steam
blowdows.

A typical thermowell weights about 2 b,
Based on gjection by steam at 1050 psig, the
ejection velocity could reach 200 fi/ sec
which is not sufficient to inflict
significant damage to critical systems.
(Pg) is therefore less than 10°7 per
year.

Retaining Bolts - Nuts, bolts, nut and bolt
combinations, and nut and stud combinations
have only a small amount of stored energy
and thus are of no concern as potential
missiles.

Blowout Panels - Blowout pancls are hinged
to prevent them from becoming missiles.
Guard rails for personne!l protection have
been provided where required by the swing
pattern._ Thus by design, (Py) 1s less
than 1077 per vear.

35113 Missile Burriers and Losdings

Certain cases of rotating and pressurized

components generating missiles described in
Subsection 3.5.1.1.2 give credit for potential
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missle-consequence mitigation by siructural
walls and slabs. These walls and slabs are
designed to withstand internal missile effects;
the applicable seismic category and quality group
classification are listed in Section 3.2,
Penetration of the structural walls by internally
generated missiles is not considered credible.

For local shiclds and barriers sec the response
to Question 4109,

3512 lnternally Generated Missiles (Inside
Containment )

Internal missiles are those resulting from
plant equipment failures within the contain-
ment. Potential missile sources from both
rotating equipment and pressurized components are
considered.

315121 Rotating Equipment

By an analysis similar to that in Subsection
3.5.1.1.1, it is concluded that no items of
rotating equipment inside the containment have
the capability of becoming potential missiles.
All reactor internal pumps are incapable of
achieving an overspeed condition and the motors
and impellers are incapable of escaping the
casing and the reactor vessel wall, respectively.

35122 Pressurized Components

Identification of potential missiles and their
consequences outside contamment are specified in
Subsection 3.5.1.1.2. The same conclusions are
drawn {or pressurized components inside of con-
taiment. For example, the ADS accumulators are
moderate encrgy vessels and are therefore not
considered a credible missile source. One
additional item is fine motion control rod drives
{FMCRD) under the reactor vessel. The FMCRD
mechanisms are not credible missiles. The FMCRD
housings are designed (Section 4.6) to prevent
any significant nuclear tramsient in the event of
a drive housing break.

35123 Missile Barriers and Loadings

Credit is taken in some cases of rotating and
pressurized components gencrating missiles for
missile-consequence mitigation by structural
walls and slabs. Penetration for the containment
wallz, floors and slabs by polential missiles is
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not considered credible. However, credibie sec-
ondary missiles, ¢.g., concrete fragments, may be
formed following impact of primary missiles. See
Subsection 3.5.4.4 for COL license information
requirements.

3.£.1.2.4 Evaluation of Potential
Gravitational Missiles Inside Containment

Gravitational missiles inside the containment
have been considered as follows:

Seismic Category | systems, components, and
structures are not potential gravitational mis-
sile sources.

Non-Seismic Category | items and systems inside
containment are considered as Follows:

(1) Cable Tray

All cable trays for both Class 1E and non-
Class 1E circuits are scismically supported
whether or not a hazard potential is evident.

(2) Conduit and Non-Salety Pipe

Non-Class 1E conduit is seismically sup- ported
if it is identified as a potential hazard 1o
safety-related equipment. All Nuclear Island
non-safety related piping that is identified as
a potential hazard is scismically analyzed per
Subsection 3.7.3.13.

(3) Equipment for Maintenance

Ail other equipment. such as hoists, that is
required during maintenance will either be
removed prior to operation, moved to a location l
where it is not a potential hazard to safety-
related equipment, or scismically restrained to
prevent it from becoming a missile. See Sub-
section 3.54.7 for COL license information

21517 Turbine Missiles

See Subsection 3.5.1.1.1.3.
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generated from other natural phenomena. The
design basis tornado for the ABWR Standard Plant
is the maximum tornado windspeed corresponding to
a probability of 10E-7 per year (300 mph). The
other characteristics of this tornade, summerized
in Subsection 3.3.2.1. The design basis tornado
missiles are per SRP 3.5.1.4, Spectrum 1.

Using the design basis tornado and missile
spectrum as defined above with the design of the
Seismic Category 1 buildings, compliance with all
of the positions of Regulatory Guide 1.117,
“Tornado Design Classification,” Positions C.1
and C.2 is assured,

The SGTS charcoal absorber beds are housed in
the tornado resistant reactor building and
therefore are protecied from the design basis
tornado missiles. The offgas system charcoal
absorber beds are located deep within the turbine
building and it is considered very unlikely that
these beds could be ruptured as a result of a
design basis tornado missile. These features
assure compliance with Position C3 of Regulatory
Guide 1.117.

See Subsections 3.5.4.2 and 3.5.4.5 for COL
license information requirements

31515 Site Proximity Missiles Except
Aircraft

External missiles other than those gencrated
by tornadgs are not considered as a design basis
(te. < 10 per year).
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3516 Aircraft Hazards

Aircraft hazards are not a design bnis.fvcm
for the Nuclear Island (i.e. < 10 per
year). See Subsection 3.5.4.3 for COL license
information requircments,

3.52 Structures, Systems, and

The sources of external missiles which could
affect the safety of the plant are identified in
Subsection 3.5.1. Certain items in the plant
are required to safely shut down the reactor and
maintain it in 2 safe condition assuming an
additional single failure. These tems, whether
they be structures, systems, or components, musi
iberefore all be protected from externally
generated missiles.

These items are the safeiy-related items
listed in Table 3.2-1. Appropriate safety
classes and equipment locations are given in
this table. All of the safety-related systems
listed are located in buildings which are
designed as tornado resistant. Since the
tornado missiles are the design basis missiies,
the systems, structures, and components listed
are considered to be adegquatcly protected.
Provisions are made to protect the charcoal
delay tanks against tornado missiles.

Sce Subsections 3.5.4.1 and 3.5.4.8 for COL
license information requirements.

A.5.3 Barrier Design Procedures

The procedures by which structures and
barriers are designed to resist the missiles
described in Subsection 3.5.1 are presented in
this section. The following procedures are in
accordance with Section 3.5.3 of NUREG-0800
(Standard Review Plan).

1531 Local Damage Prediction

The prediction of local damage in the impact
arca depends on the basic material of construc-
tion of the structure or barrier (i.¢., concrete
or steel). The corresponding procedurcs are
presented scparately. Composite barriers are
not utilized in the ABWR Standard Plant for
missile protection.
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153,11 Concrete Structures and Barriers

The modified Petry formula (Reference 3) is
applicd analytically for missile penctration in
concrete. To prevent perforation, a minimum
concrete thickness of 2.2 times the penetration
thickness determined for an infinitely thick
concrete slab is employed. In the event that
spalling or scabbing is unacceptabie, a minimum
concrete thickness of 3 times the penetration
thickness determined for an infinitely thici
concrete slab is provided. These design
procedures have been substantiated by full-scale
impact tets in which reinforced concrete panels
(12 to 24 inches thick, 3000-psi design
strength) were impacted by poles, pipes, and
rods simulating tornado-borne debris (Reference
4).

35312 Steel Structure and Barviers

The Stanford ecquation (Reference 5) is
applied for steel structures and barriers.

3532 Overali Damage Prediction

The overall response of a structure or
barrier to missile impact depends lar ely upon
the location of impact (e.g., ncar mid-span or
necar a support), dynamic properties of the
steucture /barrier and missile, and on the ki-
netic energy of the missile. In general, it bas
been assumed that the impact is plastic with all
of the initial momentum of the missile trans-
ferred to the structure or barrier and only &
portion of the kenetic cnergy absorbed as strain
encrgy within the structure or barrier.

After demonstrating that the missile does not
perforate the structure or barrier, an equi-
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valent static load concentrated at the impact
arce is determined. The structural response to
this load, in conjunction with other appropriate
design loads, is evaluated using an analysis
procedure similar to that in Reierence 6 for
rigid missiles, and the procedure in Reference 7
for deformable massiles.

| 3.5.4 COL License Information
1541 Protection of Ultimate Heat Sink

Compliance with Regulatory Guide 1.27 as
related to the ultimate heat sink and connecting
conduits being capable of withstanding the
effects of externally gencrated missiles shall be
demonstrated (See Subsection 3.5.2).

15.4.2 Missiies Generated by Other Natural
Phenomena

The COL applicant shall identify missiles
generated by other site-specific natural
phenomena that may be more himiting than those
considered in the ABWR design and shall provide
protection for the structures, systems and
components against such missiles. The COL
applicant will provide this information to the
NRC. (See Subsection 3.5.1.4)

3£.43 Site Proximity Missiles and Aircraft
Hazards.

Analyses shall be provided that demonstrate
that the probability of site proximity missiles
(including aircraft) impacting the ABWR Standard
Plant and causing conscguences greater l'hfn 10CFR
Part 100 exposure guidelines 1s < 10 per year
{See Subsection 3.5.1.6).

31.£.4.4 Secondary Missiles Inside Contsinment

Protection against the secondary missiles
inside containment described in Subsection
3.5.1.2.3 shall be demonstrated.

3545 mpact of Failure of Out of ABWR
Standard Plant Scope Non Safety-Related
Structures, Systems, and Components Due to &
Design Basis Tornado

An evaluation of all out of ABWR Standard Plant
scope non safety-related structures, systems, and
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components (not housed in a tornado structure)
whose failure due to a design basis tornado
missile that conld adversely impact the safety
function of a safety-related systems and
components will be provided to the NRC by the
COL applicant. (See Subsection 3.5.1.4).

35456 Turbine System Maintenance Program

A turbine system maintenance program
including probability caiculations of turbine
missile genmeration mecting the minimum
requirement for the probability of missile
generation shall be provided to the NRC (See
Subsection 3.5.1.1.3).

31.£.4.7 Maintenance Equipment Missile
Prevention Inside Containment

The COL applicant will provide procedures to
cnsure that all equipment inside containment,
such as hoists, that is required during
maintenance will either be removed prior to
operation, moved to a location where il is not a
potential hazard te safety-related equipment, or
scismically restrained to prevent it from
becoming a missile. (Sece Subsection
3.5.1.2.4(3)).

3.5.4.8 ¥ailure of Structures, Systems and
Components Outside ABWR Standard Plant Scope

Any failure of structures, systems and
components outside ABWR Standard Plant scope
which may result in external missile generation
shall not prevent safety-related structures,
systems and components from performing their
intended safety function. The COL applicant
wili provide an evaluation of the adequacy of
these designs for external missile protection
for NRC review. (See¢ Subscction 3.5.2)
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Strain rate effects and other material
property variations have been considered in the
design of the pipe whip restraints. The material
propertics utilized in the design have included
one or more of the following methods:

(1) Code minimum or specification yicid and
ultimate strength values for the affected
compoenents and structures are used for both
the dynamic and sicady-state events;

(2) Not more than a 10% increase in minimum code
or specification strength values is used
when designing components or structures for
the dynamic event, and code minimum or
specification vield and ultimate strength
values are used for the steady-state loads:

(3) Representative or actual test data values
are used in the design of components and
structures including justifiably clevated
strain rate-affected stress limits in excess
of 10%; or

(4) Representative or actual test data are used
for any affected component(s) and the
minimem code or specification values are
used for the structures for the dynamic and
the steady-state cvents.
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31.6.2.4 Guard Pipe Assembly Design

The ABWR primary containment does not require
guard pipes.

3625 Material to be Supplied for the
Operating License Review

Sce Subsection 3.6.4.1 for COL license
information requirements

1.6.3 Leak-Before-Break
Evaluation Procedures

Per Regulatory Guide 1.70, the safety |
analysis Section 3.6 has traditionally addressed
the protection measures against dynamic cffects
associated with the non-mechanistic or
postulated ruptures of piping. The dynamic
effects are defined in introduction to Section
3.6. Three forms of piping failure (full flow
area circumferential and longitudinal breaks,
and throughwal!l leakage crack) are postulated in
accordance with Subsection 3.6.2 and Branch
Technical Position MEB 3-1 of NUREG - 0800
(Standard Review Plan) for their dynamic as well
as environmental effects.

Howcver, in accerdance with the modified
General Design Criterion 4 (GDC-4), effective
November 27, 1987, (Reference 1), the
mechanistic leak-before-break (LBB) approach,
justified by appropriate fracture mechanics
technigues, is recognized as an acceplable
procedure under certain conditions to exclude
design against the dynamic effects from
postulation of breaks in high energy piping.
The LBB approach is not used to exclude
postulation of cracks and associated effects as
required by Subsections 3.6.2.1.5 and
3.6.2.1.6.2. It is anticipated, as mentioned in
Subsection 3.6.4.2, that a COL applicant will
apply 10 the NRC for approval of LBB gualifica-
tion of selected piping. These approved piping,
referred 1o in this SSAR as the LBB-qualified
piping, will be excluded from pipe breaks, which
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are required to be postulated by Subscctions
3.6.1 and 3.6.2, for design against their
potential dynamic effects.

The following subsections describe (1) certain
design bases where the LBB approach is not
recognized by the NRC as applicable for exclusion
of pipe breaks, and (2) certain conditions which
limit the LBB applicability. Appendix 3E
provides guidelines for LBB applications
describing in detail the following necessary
ciements of an LBB report to be submitted by a
COL applicant for NRC approval: fracture
mechanics methods, leak rate prediction methods,
icak detection capabilities and typical special
considerations for LBB applicability. Also
included in Appendix 3E is a list of candidate
piping systems for LBB qualification. The LBB
application approach described in this subsection
and Appendix 3E is consistent with that
documented in Draft SRP 3.6.3 (Reference 4) and
NUREG-1061 (Reference 5). (See Subsection
3.6.4.2 for COL license information
reguirements.)
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3621 Scope of LBE Applicability

The LBB approach is not used to replace
existing regulations or criteria periaining to
the design bases of emergency core cooling system
{Section 6.3), containment system (Section 6.2)
or environmental gualification (Section 3.11).
However, consistent with modified GDC-4, the
design bases dynamic qualification of mechanical
and electrical equipment (Section 3.10) may
exclude the dynamic load or vibration cffects
resulting from postulation of breaks in the
LBB-quahfied piping. This is also reflected in
2 note to Table 3.9-2 for ASME components. The
LLBB-gualified piping mav not be excluded from the
design bases for environmental gualification
unless the regulation permits it at the time of
LBB qualification. For clarification, it is
noted that the LBB approach is not vsed to relax
the design requirements of the primary
containment system that includes the primary
containment vessel (PCV), vent systems (vertical
flow channels and horizontal vent discharges),
drywell zones, suppression chamber (wetwell),
vacuum breakers, PCV penetrations, and drywell
head.

3632 Conditions for LBB Applicability

The LBB approach is not applicable to piping
systems where operating experience has indicated
particular susceptibility to failure from the
effects of intergrannular stress corrosion
cracking (IGSCC), water hammer, thermal fatigue,
or erosion. Necessary preventive or mitigation
measures are used and necessary analyses are
performed, as discussed below, 1o aveid concerns
for these effects. Other concerns, such as
creep, brittle cleavage type failure, pote ..al
indirect source of pipe failure, and deviation of
as-built piping configuration, are also
addressed.

(1) Degradation by crosion, erosion/corrosion
and ¢rosion/cavitation due to unfavorable
flow conditions and water chemistry is
examined. The evaluation is based on the
industry experience and guidelines.
Additionally, fabrication wall thinning of
elbows and other fittings is considered in
the purchase specification to assure that
the code minimum wall requirements arc met.
These evaluations demonstrate that these me-
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chanisms are not potential sources of pipe
rupture

The ABWR plant design involves operation
below 700°F in ferritic stecl piping and
below 800°F in austenitic steel piping.
This assures that creep and creep-fatigue
arc not potential sources of pipe rupture.

The design also assures that the piping
material is not susceptible to brittle
cleavage-type failure over the full range of
system operating temperatures (that s, the
material is on the upper shelf).

The ABWR plant design specifies use of
austenitic stainless steel piping made of
maierial (e.g., nuclear grade or low carbon
type) that is recognized as resistant to
IGSCC. The material major high encrgy
piping in the primary and sccondary
containments is carbon steel or ferritic
steel, except for the austenitic stainless
reactor water cleanup piping in the primary
contaimment.

A systems evaluation of potential water
hammer i1s made to assure that pipe rupture
due 10 this mechanism is unlikely. Water
hammer is a generic term including various
unanticipated high frequency hydrodynamic
events such as steam hammer and waler
siugging. To demonstrate that water hammer
is not a significant contributor to pipe
rupture, reliance on historical frequency of
water hammer events in specific piping
systems coupled with a review of operating
procedures and conditions is used for this
evaluation, The ABWR design includes
features such as vacuum breakers and jockey
pumps coupled with improved operational
procedures to reduce or eliminate the pot-
ential or water hammer identified by past

3623




ABWR
Standard Plant

(6)

(7N

(8)

experience. Certain anticipated water
hammer events, such as a closure of a valve,
are accounted for in the Code design and
analysis of the piping.

The systems evaluation also addresses a po-
tential for fatigue cracking or failure from
thermal and mechanical induced fatigue.
Based on past experience, the piping design
avoids potential for significant mixing of
high- and low- temperature fluids or
mechanical vibration. The startup and
preoperational monitoring assures avoidance
of detrimental mechanical vibration

Based on experience and studies by Lawreace
Livermore Laboratory, potential indirect
sources of indirect pipe rupture are remote
causes of pipe rupture. Compliance with the
snubber surveillance requirements of the
technical specifications assures that
snubber failure rates are acceptably low.

Initial LBB evaluation is based on the
design confignration and stress levels that
arc acceptably higher than those identified
by the initial analysis. This evaluation is
reconciled when the as-built configuration
1s documented and the Code stress evaluation
is reconciled. It is assured that the
as-built configuration does not deviate
significantly from the design configuration
to invalidaie the initial LBB evaluation, or
a new cvaluation ccupled with necessary
configuration modifications is made to
assure applicability of the LBB procedure.
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3.0.4 COL License Information

36.4.1

Details of Pipe Break Analysis Results

and Protection Methods

The following shall be provided by the COL
applicant (Sce Subsection 3.6.2.5):

Amcndment 23
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A summary of the dynamic analyses
applicable to high-energy piping
systems in accordance with Subsect:on
3.6.2.5 of Regulatory Guide 1.7G. This
shall include:

{a) Sketches of applicable piping
systems showing the locatien, size
and orientation of postulated pipe
breaks and the location of pipe
whip restraints and jeu
impingement barriers.

(b) A summary of the data developed to
select postulated break locations
including calculated stress
intensities, cumulative usage
factors and stress ranges as
delincated in BTP MEB 3-1.

For failure in the moderate-encrgy
piping systems listed in Table 3.6-6,
descriptions showing how safety-related
systems arc protected from the
resulting jets, flooding and other
adverse environmental effects.

——

Identification of protective measures
provided against the effects of
postulated pipe failures for protection
of each of the systems listed in Tables
3.6-1 and 3.6-2.

The details of how the MSIV functional
capability 1s protected against the
effects of postulated pipe failures.

Typical examples, if any, where
protection for safety-related systems

ad components agains! the dynamic
effects of pipe failures include their
enclosure in suitably designed
structures or compartments {(including
any additiona) drainage system or
equipment cnvironmental qealification
needs).

The details of how the feedwater line
check and feedwater isolation valves
functional capabilities are protected
against the effects of postulated pipe
failures.
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14642 Leak-Before-Break Anslysts Report

As required by Reference 1, an LBB analysis
report shail be prepared for the piping systems
proposed for exclusion from analysis for the
dynamic effects due 1o failure of piping
failure. The report shall be prepared in
accordance with the guidelines presented in
Appendix 3E end Submitted by the COL applicant to
the NRC for approval. (Sec Subsection 3.6.3).

31.6.5 References

1. Modification of General Design Criterion 4
Reguirements for Protection Against Dynamic
Effects of Postulated Fipe Rupture, Federal
Regisicr, Volume 52, No. 207, Rules and
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o
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for Pipe Breaks, Report of the U.S. NRC Piping
Review Comminee, November 1984,
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Application of the Leak-Before-Break Approach
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The frequency range wsed in generating the
response specira from synthetic histories is 0.2
10 33 Hz. The frequency range intervals used in
generating those spectra is the same as given in
Table 3.7.1-1 of SRP Section 3.7.1.

The coberence function for the three carthquake
acceleration time history components H1, H2, and V
are generated to check the statistical indepen-
dence among them. The coberence function for H1
and H2 is given in Figure 3.7-21; for H1 and V in
Figure 3.7-22; and for H2 and V in Figure 3.7-23.
All values within the frequency range between 0 te
50 Hz are calculated at a frequency increment of
0.1 Hz. The small values of these coberence
functions indicate that the three components are
sufficiently statistically independent.

To assess the energy content of the synthetic
time history, the power spectral density functions
(PSDFs) are generated from the two horizental
components H1 and H2. The PSDFs are computed at a
frequency mcrement of 0.024 Hz, and are smoothed
using the average method as recommended in
Revision 2 of Reference 3.

The stationary duration used in the calculation
is taken to be 22 seconds which is the total
duration of the synthetic time history. The
calculated PSDFs for the H1 and H2 time histories
normalized to 0.15g peak ground acceleration are
shown in Figures 3.7-24 and 3.7-25, respectively,
for frequencies ranging from 0.3 to 24 Hz.

The target PSDFs and 80% of target PSDFs
specified on revision 2 of Reference 3 are also
plotted on these figures for comparison. As
shown, PSDF of H1 and H2 time historics envelope
the target PSDF with a wide margin in the
specified frequency range of 0.3 to 24 Hz. This
| demonstrates that the two synthetic time histories
have sufficient energy content.
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31713 Critical Damping Values

The damping values for OBE and SSE analyses
are presented in Table 3.7-1 for various
structures and components. They are in
compliance with Regulatory Guides 1.61 and 1.84

For seismic system evalcation of the SSE, the
larger SSE damping values shown in Table 3.7-1
are not used. The SSE loads are obtained by
doubling the OBE loads that result from the OBE
Seismic System analysis based on the lower OBE
damping values (see Subsection 3.7.1.2).

For analysis and evaluation of seismic
subsystems (piping, components and eguipment),
the floor response spectra are obtained from the
OBE timc-history response of the seismic system,
that supports the subsystems. The floor
response spectra are computed (see Subsection
3.7.2.5) f>r damping values that are applicabic
1o the subsystems under OBE as well as SSE; and
further the OBE spectra are doubled to obtain
the SSE floor response spectra for input to the
SSE analysis in design of the subsystems.

3.7.1.4 Supporting Media for Seismic Category
I Structures

The foliowing ABWR Standard Plant Seismic
Category | structures have concrete mat
foundations supported on soil, rock or compacied
backfill. The maximum value of the embedment
depth below plant grade 1o the bottom of the
base mat is given below for cach structure.
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(1) Reactor Railding (including the enclosed
primary containment vessel and reactor
pedestal) - 25.7 m (84 f1, 4 in)).

(2) Control Building - 12.2 m (40 f).

(3) Service Building - Surface founded.

All of the above buildings have independent
foundations. In all cases the maximum value of
embedment is used for the dynamic analysis to
determine seismic soil-structure interaction
effects. The foundation support materials
wiihstand the pressures imposed by appropriate
loading combinations without failure. The total
structural height of each building is described in
Subsection 3.8.2 through 3.8.4. For details of
the structural foundations refer 1o Subsection
385 The ABWR Standard Plant is designed for a
range of soil conditions gives in Appendix 3A.

17141 Seil-Structure Interaction

When a structure is supported on a flexibie
foundatior, the soil-structure interaction is
taken into account by coupling the structural
model with the soil medium. The finite-clement
representation is used for a broad range of
supporting medium conditions. A different
representation based on the continuum impedance
approach is also used for selected site
conditions. Detailed methodology and results of
the soil-structure interaction analysis are
provided in Appendices 3A and 3G, respectively.

3.7.2 Seismic System Analysis

This subsection applies 1o the design of
Seismic Category | structures and the reactor
pressure vessel (RPV), Subsection 3.7.3 applies
to all Seismic Categorv 1 piping systems and
equipment.

372 Seismic Analysis Methods

Analysis of Seismic Category | structurz: and
the RPV is accomplished using the response
spectrum or time-history approach. The time-
history approach is made cither in the time domain
or in the frequency domain,

Either approach utilizes the natural period,
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mode shapes, and appropristc damping factors of
the particular system toward the solution of the
equations of dynamic equilibrium. The time-
history approach may altcrnately utilize the
direct integration method of solution. When the
structural response is computed directly from
the coupled structure-soil system, the time-
kistory approach solved in the frequency domain
is used. The frequency domain analysis method
is described in Appendix 3A.

31.72.1.1 The Equations of Dynamic Equilibrium
for Base Support Excitation

Assuming velocity proportional damping, the
dynamic equilibrium equations for a lumped-mass,
distributed-stiffness system arc expressed in a
matrix form as:
Not used (3.7-1)
) (3.7-2)
Mi{u()}+ [J{ue()]) +{Kj{ui)} =
{P())

where

fu()} = time-dependent displacement
vector of non-support points
relative to the supports
(v (1) = w(1) + w (1))

.

{u(t)} = time-dependent velocity vector
of non-support points relative
to the supports

{uit)} = time-dependent acceleration
vector of non-supporl points
relative 1o the supports

IM] = mass matrix

1A = damping matrix

K] = stiffncss matrix

{P()} = time-dependent inertia force

vector (-[M] {“s“” acting
al non-support points

The manner in which a distibuted-mass,
distributed-stiffness system is idealized into a
lumped-mass, distributed-stiffness system of
Seismic Category 1 structures and the RPV is
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acceleration considering the natural frequency of
the valve and the frequency content of the
applicable plant floor response spectra. The
adjusted accelerations have been determined using
the same conservatism contained in the borizontal
and vertical accelerations used for rigid
valves. The adjusted acceleration is then used
in the static analysis end the valve operability
is assured by the methods outlined in Steps (2)
through (4), using the modified acceleration
mput. Alterpatively, the valve including the
actustor and all other accessories is gualified
by shake rable test.

Valves which are safety-related but can be
classificd as oot baving an overhanging
structure, sech as check valves and
pressure-relief valy . are considered as
follows:

39325121 Active Check Valves

Due 10 the particular simple characteristics
of the check valves, the active check valves are
qualified by 2 combination of the following tests
and analysis:

{1} Stress analysic including the dynamic loads
where applicable;

{2} n-shop hvdrostatic tests;
(3) in-shop scat icakage test; and

(4) periodic in-site valve exercising and
inspection to assurc the functional
capability of the valve.

39325122 Active Pressure-Relief Valves

The active pressure-reisef valves (RVs) are
qualified by the following procedures. These
valves are subjected to test and analysis similar
1o check valves, stress analyses including the
dynamic loads, in-shop hydrosiatic scat leakage,
and performance tests. In addition to these
tests, periodic in-situ valve inspection, as
applicable, and periodic valve removal,
refurbishment, performance testing, and
reinstaliation are performed to assure the
functional capability of the valve. Tests of the
RV under dynamic loading conditions demonstrate
that valve actuation can occur during application

Amendment 7

ZAGIODAE
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of the loads. The tests include pressurizing
the valve inlet with nitrogen and subjecting
the valve 1o accelerations equal to or greater
then the dvnamic event (SSE plus other RBV)
loads.

1932513 Quslification of Electrical

and Instrumentation Compenents Controfling
Valve Actustion

A practical problem grises in attcmpting to
describe tests for devices (relays, motors,
sensors, elc.) as well as for complex
assemblics such as control panels. It is
reasonable to assume that a device, as an
imtegral part of an assembly, can be subjected
to dynamic loads tests while in an operating
condition and its performance monitored during
the test. However, in the case of complex
pancls, such a test is not always practical.
In such & situation, the following alternate
approach is recommended.

The individual devices are tested
scparately in an operating condition and the
test levels recorded as the qualification
levels of the devices. The pancl, with
similar devices installed but inoperative, s
vibration tested to determine if the pancl
response accclerations as measured by
accelerometers installed at the device
antachment Jocations are less than the levels
st which the devices were gqualified. Note
that the purpose of installing the
nonoperating devices 18 10 assure that the
pane! has the structural characteristics it
will have when in use. If the acceleration
levels at the device locations are found 1o be
iess than the levels to whick the device is
qualified, then the total assembly is
considered gualified. Otherwise, cither the
panel i1s redesigned to reduce the acceleration
level 1o the device locations and retested, or
the devices is requalified 1o the higher
levels.

393252 Documentation

All of the preceding reguirements
(Subseciion 3.9.3.2.5.1) are satisfied to
demonstrate that functionality is assured for
active valves. The documentation is prepared
in @ format that clearly shows that cach

3029



ABWR
Standsrd Plamt

consideration has been properly evaluated and
tests have been validated by a designated quality
assurance representative. The analysis is
included as a part of the certified stress report
for the assembly.

1933 Design and Instailation of Pressore
Rebief Devices

39230 Main Steam Safety/Relief Valves

SRV lift in a main stcam (MS) piping system
results in a transient that produces momentary
unbalanced forces acting on the MS and SRV
discharge piping system for the period from
opening of the SRV until a steady discharge flow
from the reactor pressure vessel to the
suppression pool 15 established. This period
includes clearing of the water slug from the end
of the discharge piping submerged in the
suppression peol. Pressure waves traveling
through the main steam and discharge piping
following the relatively rapid opening of the SRV
cause this piping 10 vibrate.

The analysis of the MS and discharge piping
transient due to SRV discharge consists of a
stepwise time-history solution of the fluid flow
cquation to generate a time history of the fluid
propertics at numcrous locations along the pipe.
The fluia transient propertics are calculated
based on the maximum set pressure specified in
the sticam system specification and the valve of
ASME Code flow rating increased by a factor to
account for the conservative method of
establishing the rating. Simultancous discharge
of all valves in a MS line is assumed in the
analysis because simultancous discharge is
considerced to induce maximum siress in the
piping. Reaction loads on the pipe are
determined &t cach location corresponding to the
position of an ¢lbow. These loads are composed
of pressure-times-arca, momentam-change, and
fluid-friction terms.

The method of analysis applicd to determine
response of the MS piping svstem including the
SRV discharge line, to rehicl velve operation is
time-history integration. The forces are apphed
&t locations on the piping system where fluid

Amendment 26
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flow changes direction thus causing momentary
rcactions. The resulting loads on the SRV, the
main steamline, and the discharge piping are
combined with loads duc to other effects as
specified in Subsection 3.9.3.1. In accordance
with Tables 3.9-1 and 3.9-2, the Code stress
limits for service levels corresponding to load
combination classification as normal, upset,
emergency, and faulied are applied to the main
stecam and discharge pipe.

39332 Other Safety/Relief Valves

An SRV is identified as a pressure relief
valve or vacuum breaker. SRVs in the reactor
components and subsystems are described and
identified in Subsection 5413,

The operability assurance program discussed
in Subsection 3.9.3.2.5 applies to safety/relief
valves. The gualification of active relief
valves is specifically outlined in Subscction
39325122

ABWR safety/relief valves (safety valves with
auxiliary actuating devices and pilot operated
valves) are designed and manufactured in
accordance with the ASME Code, Section 111,
Division 1 requirements. Specific rules for
pressure relieving devices are as specified in
Article NB-7000, and NB-3500 (pilot operated and
power actuated pressure relicf valves).

The design of ABWR SRVs incorporates SRV
opemng and pipe reaction load considerations
required by ASME 111, Appendix O, and induding
the additional criteria of SRP, Section 3.9.3,
Paragraph 11.2 and those identified under
Subsection NB-3658 for pressure and structural
integrity. Safety/relicf valve operability is
demonstrated cither by dynamic testing or
analysis of similarly tested valves or 2
combination of both in compliance with the
requirements of SRP Subsection 393,

39333 Ruptere Disks
There are no rupture disks i the ABWR plam

design, that must function dering and afier a
dynamic event (SSE including other RBV loads).

R )
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19.7 COL License information

3971 Reactor Internals Vibration Analysis,
Measurement snd Inspection Program

The first COL applicant will provide, at
the time of application, the results of the
vibration assessment program for the ABWR
prototype mternals. These resulis will include
the following information specificd in Regulatory
Guide 1.20.

R.G. 120 e
C2] Vibration Analvsis
Frogram
22 Vibration Mcasurement
Program
ke Inspection Program
Documentation of

Results

NRC review and approval of the above
information on the first COL applicant’s docket
will complete the vibration assessment program
reguirements for prototype reactor internals.

In addition 1o the information tabulated
above, the first COL applicant will provide the
information on the schedules in accordance with
the applicable poriions of position C.3 of
Regulatory Guide 1.20 for non-pretotype
internals.

Subseguent COL applicants need only provide
the iniormation on the schedules in accordance
with the applicable portions of position C.3 of
Regulatory Guide 1.20 for non-pretotype
internals. (See Subsection 3.9.2.4).

59.72 ASME Class 2 or 2 or Quality Groap D
Components with 60 Year Design Life

COL applicants will identify ASME Class 2
or 3 or Quelity Group D components that are
subjected to cychic loadings, including operating
vibration loads and thermal transicnts effects,
of a magnitude and/or duration so severe the 60
vear design life can not be assured by required
Code calculations and, f similar designs have
not already been evaluated, either provide an
appropriate analysis to demonstrate the required
design hif: or provide designs to mitigate the
magnitude or duration of the cyclic loads. (Sec

Amendment 23

Subsection 3.9.3.1.)

31.9.73 Pemp and Valve lnservice Testing
Program

COL applicants will provide a plan for the
detailed pump and valve inservice testing and
imspect’on program. This plan will

(1) Include bascline pre-service testing to
support the periodic in-service testing of
the components required by technical
specifications, Provisions are included to
disassemble and inspect the pump, check
valves, and MOVs within the Code and
safetv-related classification as mecessary,
depending on test results. (See
Subscctions 396, 396.1, 3.96.2.1 and
39622

(2) Provide a study to determine the optimal
frequency for valve stroking during
inservice testing. (See Subseclion
3.9.6.2.2)

(3) Address the concerns and issues :dentified
in Generic Letier 89-10; specifically the
method of assessment of the loads, the
method of sizing the actuators, and the
setting of the torque and limit switches.
{(See Subsection 3.9.6.2.2)

39.7.4 Audit of Design Specification and
Design Reports

COL applicants will make available to the
NRC staff design specification and design
reports required by ASME Code for vessels,
pumps, valves and niping systems for the
purpose of audit. (Sce Svbsection 3.9.3.1)

198 References

1. BWR Fuel Chonnel Mechanical Desigrn and

Defiection, NEDE-21354-P, September 1976

2. BWR/6 Fuel Assembly Evaluation of Combined
Safe Shutdown Earthquake (SSE) and
Loss-of Coolant Accident (LOCA Loadings,
NEDE-21175-P, November 1976.

3. NEDE-24057-i (Class IIl) and NEDE-24057
(Class 1) Assessment of Reactor Internals.
Vibration in BWR /4 and BWR /5 Planis,
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November 1977. Also NEDO-24057-P, Amendment
1, December 1978, and NEDE-2-P 24057
Amendment 2, June 1979,

General Electric Company, Analytical Model
for Loss-of-Coolant Analysis in Accordance
with 10CFRS50, Appendix K, NEDE-20566P,
Proprietary Document, November 1975,

BWR Feedwater Nozzie and Control Rod Drive
Keturn Line Nozzle Cracking NUREG-0619.

General Electric Environmenial
Qualification Program, NEDE-24326-1-F,
Proprietary Document, January 1983,

Deieted

Generic Criteria for High Frequency Cutoff
of BWR Eguipment, NEDQO-25250, Proprictary
Document, January 1980,

Amendment 26
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Table 3.9-7

. FATIGUE LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

1
| Summation of fatigue damage usage following Miner h_vpo(hcscs( ),

Limit for Service

Levels A&B (Normal
gr, s Fagi U conditi
Design fatigue cycle usage from analysis <10
using the method of the ASME Code
NOTE
(1) Miner, M.A_ Cumulative Damage in Fatigue, Journal of Applicd Mechanics, Vol.

12, ASME, Vol. 67, pp A159-A164, September 1945,

Amendmen 26 31358
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Table 1.9-8
IN-SERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
This table responds 10 NRC Questions 210.47, 210.48 and 210 49 regrading provisions for inservice lesting

of safety-related pumps and valves within the scope of the ABWR Standard Plant in accordance with the
ASME Code. The information is presented separately for each system for the MPL numbers given below.*

PUMP VALVE
B21 Nuclear Boiler 39-58.4
B31 Reactor Rearculation 39-586
C12 Control Rod Drive 39-587
4] Standby Liquid Control 39-583 39-587
C51 Neutron Monitoring (ATIP) 39-58.7
D23 Containmenl Atmosphere Monitoring 39-587
Ell Residual Heat Removal 39-5832 39-588 l
E2 High Pressure Core Flooder 39-583 39-58.12
E31 Leak Detection & Isolation 39-58.13
ES Reactor Core Isolation Cooling 39-583 39-58.13
G31 Reactor Water Cleanup 39-58.17
G4l Fuel Pool Cooling & Clcanup 39-58.18
GS1 Suppression Poel Cleanup 39-58.19
K17 Radwaste 39-58.19
P11 Mazkeup Water (Purificd) 39.58.19
P21 Reactor Building Cooling Water 39-583 39-58.19
P24 HVAC Normal Cooling Water 39-58.23
P25 HVAC Emergency Cooling Water 36.583 39-58.23
F41 Reactor Service Water 39-583 39-58.24
P51 Service Air 39-58.25

Amendmem 23 39-561
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3.11 ENVIRONMENTAL QUALIFICATION
OF SAFETY-RELATED MECHANICAL
AND ELECTRICAL EQUIPMENT

This section defines the environmental
conditions with respect to limiting design
conditions for all the safety-related mechanical
and clectrical equipment, and documents the
gualification methods and procedures employed 10
demonstrate the capability of this equipment to
perform safety-related functions when exposed to
the environmental conditions in their respective
locations. The safety-related equipment within
the scope of this section are defined in Sub-
section 3.11.1. Dynamic gualification is
addressed in Sections 3.9 and 3.10 for Seismic
Category 1 mechanical and electrical equipment,
respectively.

Limiting design conditions include the
following:

(1) Normal Operating Conditions - planned,
purposeful, unrestricted reactor operating
modes including startup, power range, hot
standby (condenser available), shutdown, and
refueling modes;

(2) Abnormal Operating Conditions - any
deviation from normal conditions anticipated
to occur often enough that the design should
inclode & capability to withstand the con-
ditions without operational impairment;

(3) Test Conditions - planned testing including
pre-operational tests;

{4) Accident Conditions - a single event not
reasonably expected during the course of
plant operation that has been hypothesized
for analysis purposes or postulated from
uniikely but possible situations or that has
the potential 1o cause a release of radio-
active material (a reactor coolant pressure
boundary rupturc may qualify as an accident;
a fuel cladding defect does not); and

(5) Post-Accident Conditions - during the iength
of time the equipment must perform its
safety-related function and must remain in 2
safe mode after the safetv-related function
is performed.

Amendment 24

23A6100AE
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1.11.1 Equipment ldentification and
Environmental Conditions

Safety related electrical equipment within
the scope of this section includes all three
categories of 10CFR50.49(b) (Reference 1).
Safetv-related mechanical equipment (c.g.,
pumps, motor-operated valves, safety-relicf
valves, and check valves) are as defined and
identified in Section 3.2. Electrical and
mechanical equipment salcty classifications are
further defined on the system design drawings.

Safety related equipment located in a harsh
environment must perform its proper safety
function during normal, abnormal, test, design
basis accident and post accident environments as
applicable. A list of all safety-related clec-
trical and mechanical equipment that is located
in @ harsh environment arca will be included in
the Environmental Qualification Document (EQD)
to be prepared as mentioned in Subsection
3.11.6.1. The COL applicant referencing the
ABWR design will provide a hist of impacted
non-safcty-related control systems and the
design features for preventing the potential
adverse consequences identified in IE
Information Notice 79-22, Qualification of
Control Systems. The COL applicant will also
address issues related to equipment wetting and
fiooding above the flood level identified in IE
Information Notice 89-63, Possible Submergence
of Electrical Circuits Located Abovz the Flood
Level Because of Water Intrusion and Lack of
Drainage, as reguired in Subsection 3.11.6.

Environmental conditions for the zones where
safety-related cquipment is located are cal-
culated for normal, abnormal, test, accident and
post-accident conditions and are documented in
Appendix 31, Equipment Qualification Environ-
mental Design Criteriz (EQEDC). Environmental
conditions are tabulated by zones, contained in
the refeiernced building arrangements. Typical
equipment in the noted zones is shown in the
referenced system P&ID and 1ED design drawings.

Occurences of anticipated abnormal operating

conditions are similar to test conditions and
their significant environments are comparable

3111
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The normal operational exposure is based on the
radiation sources provided in Chapter 12

Radiation sources associated with the DBA and
developed in accordance with NUREG-0588
{Reference 3) are provided in Chapter 15

Integrated doses associated with normal plant
operation and the design basis accident condition
for various nlant compartments are described in
Appendix 31

| 3.11.6 COL License Information
111.6.1 Environmental Qualification Dacument

The EQD shall be prepared summarizing the
qualification results for all safety-related
equipment. The EQD shall inciude the following:

(1) The test environmental parameters and the
methodology used to qualify the equipment
located in mild and harsh environments shall
be identified.

(2) A summary of esvironmental conditions and
gualified conditions for the safety-related
equipment located in & harsh environment
zone shall be presented in the system com-
ponent evaluation work (SCEW) sheets as
described in Table 1-1 of GE's environmental
gualification program (Reference 2). The
SCEW sheets shall be compiled in the EQD.

(3) Eguipment gamma and beta radiation dose data
for both normal and accident conditions will
be provided in accordance with the
requirements of Subsection 12.2.3.1.

11162 Eavircamental Qualification Records

The results of the gualification tests shall
be recorded and maintained in an auditable file

11163 Surveillance, Maintenance and
Experience Information

The COL applicant will require vendor
cequipment certificates of gqualification
compliance and will develop a surveillance and
mainienance program in accordance with Subsection
3n2

Amendment 26
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Non-safety-related control systems subjected
to adverse environments will be evaluated for
safety implications to safety-related protective
functions, and equipment wetting and flooding
above the flood level will be addressed n
accordance with Subsection 3.11.1.

3.11.7 References

{1) Code of Federal Regulations, Title 10,
Chapter I, Part 50, Paragraph 50.49,
Environmental Qualification of Elecric
Equipment Important to Safety for Nuclear
Power Plant.

{2} General Electric Environmental Qualification
Program NEDE-24326-1-P, Proprictary
Document, January 1983,

(3) Interim Staff Position on Environmental

Qualification of Safety-Related Electrical
Equipment, NUREG-0588.
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years in BWR applications. Extensive laboratory
. tests have demonstrated that XM-19 is & suitable

material and that it is resistant 1o stress

corresion in @8 BWR enviroament.

453 COL License Information

4521 CRD inspection Program

The CRD inspection program shall include
provisions to detect incipient defects before
they could become serious encugh to cause

| operating problems. The CRD nozzle and CRD
bolting arc included in the inservice inspection
program. [Sce Table 5.2-8, System Number
B11/B12] CRD bolting is available for inservice
examinalions during normally scheduled CRD
maintenance. {(See Subsection 4.5.1.2(1)).

Amendment 26 4541



ABWR
StandardPlant

unidentified leakage rate might be emitted from a
single crack in the nuclear system process
barrier.

An allowance for leakage that does not

compromise barrier integrity and is not

lidcnliﬁablc is established for normal plamt
operation.

The unidentified leakage rate limit is
established at 3.78S liters/min to allow time for
corrective action before the process barrier
could be significantly compromised. This
unidentified leakage rate is a small fraction of
the calculated fiow from a critical crack in a
primary system pipe (Appendix 3E).

§2552 Margins of Safety

The margins of safety for a detectable flaw
to reach critical size are presented in
Subsection $.2.5.5.3. Figure 5.2-8 shows general
relationships between crack length, leak rate,
stress, and linesize using mathematical models.

£2553 Criteria to Evaluate the Adeguacy and
Margin of Leak Detection System

For process lines that are normally open,
there are at least two different methods of
detecting abnormal leakage from each system
comprising the nuclear system process barrier,
located both inside the primary containment
{drywell) and external to the drywell, in the
reactor building the steam tunrel and the turbine
building (Tables 5.2-6 and 5.2-7). The
instrumentation is designed so it can be set to
provide alarms at established leakage rate limits
and isolate the affected system if necessary.
The alarm points are determined analytically or
based on measurements of appropriate parameters
made during startup and preoperational tests.

The unidentified leakage rate limit is based,

with an adequate margin for contingencics, on the
crack size large enough to propagate rapidly.

Amendment 15
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The established limit is sufficiently low so
that, even if the entire unidentified leakage
rate were coming from a single crack in the
nuclear system process barrier, corrective action
could be taken before the integrity of the
barrier would be threatened.

The leak detection system will satisfactorily
detect unidentificd leakage of 3.785 liters/min
within the drywell.

£256 Differentiation Between ldentified and
Unidentified Leaks

Subsection 5.2.5.1 describes the leak
detection methods utilized by the leak detection
system. The ability of the leak detection system
to differentiate between identified and
unidentified leakage is discussed in Subsections
§2.54 and 5.2.5.5.

£2.57 Sensitivity and Operability Tests

Sensitivity, including seasitivity tests and
response time of the leak detection system, and
the criteria for shutdown if leakage limits are
exceeded are covered in Subsections 5.2.5.1.1,
§2.5.1.2 52521(1) and 7.3.1.1.2.

Testability of the LDS is contained in
Subsection 7.3.1.1.2(10).

5§2.58 Testing and Calibration

Provisions for testing and calibration of the
leak detection and isolation system are covered
in Chapter 14.

£229 Regulatory Guide 1.45: Compliance

These guidelines are prescribed to assure that
lcakage detection and collection systems provide
maximum practical identification of leaks from
the RCPB.

Leakage is separated into identified and
unidentified categories and cach is independently
monitored, thus meeting Position C.1
requirements.

Leakage from unidentified sources from inside

the drywell is collected into the floor drain
sump and monitored with an accuracy better than

$2-27
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3.785 liters/min thus mecting Position C.2
requirements,

By monitoring (1) floor drain sump filivp and
pumpout rate, (2) airborne particulates, and (3)
air coolers condensate flow rate, Position C3 is
satisfied.

Monitoring of the reactor building cooling
water heat exchanger coolant retura lines for
radiation due to leaks within the RHR, RIP and
CUW and the fuel pool ¢« inlisg system heat
exchangers satisfies Position C.4. For system
detail, see Subsection 7.6.1.2.

The floor drair sump monitoring, air particy-
lates monitoring, and air cooler condensate moni-
toring are designed to detect leakage rates of
3.78S liters/min within one hour, thus meeting
Position C.5§ reguirements.

The fission products monitoring subsystem is
qualified for SSE. The containment floor drain
sump monitor, air cooler, and condensaic flow
meter are qualified for OBE, thus mecting
Position C.6 reguirements.

Leak detection indicators and alarms are
proevided in the main control room. This
satisfies Position C.7 requirements. Procedures
and graphs will be provided by the COL applicant
to plant operators for converting the various
indicators to a common lezkage cquivalent, when
necessary, thus satisfying the remainder of
Position C.7 (See Subsection 5.2.6.1 for COL
license information). The leakage detection
system 15 equipped wich provisions to permit
testing for operability and calibration during
the plant operatior asing the following methods:

{1) simulation of trip signal;

(2) comparing channel to channel of the same
leak detection method (i.e., arca tempera-
ture monitoring);

{3) operability checked by comparing one method
versus another (i.e., sump fillup rate ver-
sus pumpout rate and particulate monitoring
or air cooler condensate flow versus sump

fillup rate); and

(4) continuous monitoring of floor drain sump
level, and a source of water for calibration
and testing is provided.

Theue satisfy Position C8 requirements.

Limiting unidentified lcakage to the 3.785
liters /min and identified to 95 liters/min
satisfies Position C.9.

£.2.6 COL License Information
£2.4.1 Conversion of Indications

Procedures and graphs will be provided by
the COL applicant to operations for converting
the various indicators inlo a common leakage
cquivalent (Sce Subsection 5.2.5.9).

5262 Plunt-Specific 1S1/PSI

COL applicants will submit the complete

plant- specific 1S1/PSI program. Each applicant
will submit or address the following:

(1) The PSI program should include reference to
the edition and addenda of ASME Code Section
X1 that will be used for selecting of
components for examinations, lists of the
components subject to cxamination, 2
description of the components exempt from
examination by the applicable code, and
isometric drawings used for the examination.

(2) Submits plans for preservice examination of
the reactor pressure vessel welds to address
the degree of compliance with RG 1.150.

(3) Discusses the near-surface examination and
resolution with regard to detecting service-
induced flaws and the use of electronic
gating as related to the volume of material
necar the surface that is not being
examined. Discusses how the internal
surfaces (e.g., inner radius of a pipe
section and reactor vessel internals) will
be examined.

(4) Submits an acceptable resolution of the
information requested regarding the 1S1/PSI

program.

(5) Submits all relief requests, if needed, with
a supporting technical justification.
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Table 5.2-6
| LDS CONTROL AND ISOLATION FUNCTION VS MONITORED PROCESS VARIABLES
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Preparation of impact testing proce-
dures, calibration of test cquipment,
and the retention of the records of
these functions and test data comply
with the requircments of the ASME Code,
Section I11. Personnel conducting
impact testing are qualified by experi-
ence, training or qualification testing
that demonstrates competence to perform
tests in accordance with the testing pro-
cedure.

{4) Charpy-V Curves for the RPV Beltline
(G-11IA and G-IVA-1)

A full transverse Charpy-V curve is de-
termined for all heats of base material
and weld metal used in the core beltline
region with a minimum of three (3)
specimen tested at the actual TypT.
The = mmum upper-shelfl energy level for
base material and weld metal in the
belthine region is 10.4 kg fm as re-
quired by G-IVA 1.

In regard 1o G-111 A, it 1s understood
that separate, unirradiated bascline
specimens per ASTM E 185, Paragraph
6.3.1 will be used to determine the tran-
sition temperature curve of the core
beltline base material, HAZ #=nd weld
mcetal.

{5) Bolting Material

All bolting material exceeding one inch
diameter has a2 mimmum of 6.4 kg fm
charpy-V energy and 0.64 mm lateral ex-
pansion a! the minimum bolt preload tem-
perature of 21 °C.

{6) Alternative Procedures for the Calcula-
tion of Stress Inteasity Factor (Appen-
dix G-IV A)

Stress intensity factors are calculated
by the methods of ASME, Section 111,
Appendix G. Discontinuity regions are
evaluated as shell and bead arcas, as
part of the detailed thermal and stress
analyses in the vessel stress report.
Considerations are given to membrane and
bending stresses, as outlined in Para-
graph G-2222. Equivalent margins of
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safety to those required for shells and
heads are demonstrated using 2 1/4 T postu-
lated defect at all locations, with the ex-
ception of the main closure flange to the
head and shell discontinuity locations. Ad-
ditional instruction on operating limits is
required for outside surface flaw sizes
greater than 6.0 mm at the outside surface
of the flange 1o shell joint based on
analysis made for ABWR reactor vessels using
the calculations methods shown in WRCB 175
It will be demonstrated, using a test mockup
of these arcas, that smaller defects can be
detected by the ultrasonic inservice examina-
tions procedures required at the adjacent
weld joint.

(7) Fracture Toughness Margias in the Control
of Reacuvity (Appendix G-IV A).

ASME Code, Section 1, Appendix G, was used
in determining pressure/temperature limita-
tions for all phases of plan operation.

£3.1.6 Material Surveillance

£3.1.6.1 Compliance with Reactor Vessel
Material Surveillance Program Requirements

The materials surveillance program monitors
changes in the fracture toughness properties of
ferritic materials in the reactor vessel
beltline region resulting from exposure te
neutron irradiation and thermal envitonmeni.

Rezactor vessel materials surveillance
specimens are provided in accordance with re-
quirements of ASTM E-185 and 10CRF S0, Appendix
H. Materials for the program are sclected to rep-
resent materials used in the reactor belthine
region. Specimens are manufactured from a plate
or forging actually used in the beltline regien
and a weld typical of those in the beltline
region and thus represent base metal, weld mate-
rial, and the weld heat-affected zone material.
The plate and weld are heat treated in a manner
which simulates the actual beat reatment per-
formed on the core region shell plates of the
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completed vessel. Each in-reactor surveillance
capsule contains 36 Charpy V-notch and 6 tensile
specimens. The capsule loading consists of 12
Charpy V Specimens each of base metal, weld metal,
heat-affected zone material, and 3 tensile
specimens cach from base metal 2ad weld metal.
Weld metal specimens will be made from the same
heat of weld wire and lot of flux (if applicable)
and by the same welding practice as used for the
beltline weld. A set of out-of-reactor bascline
Charpy V-notch specimens, tensile specimens, and
archive material are provided with the surveil-
lance test specimens. Neutron dosimeters and tem-
perature monitors will be located within the cap-
sules as required by ASTM E 185,

Four surveillance capsules arc provided. The
predicted end of the adjusted reference tempera-
ture of the reactor vessel steel is less than
38°C

The following proposed withdrawal schedule is
extrapolated from ASTM E 18S.
First capsule: After 6 effective full-power
years
Second capsule: After 20 effective full-power
years
Third capsule: With an exposure not to exceed the
peak EOL fluence.
Fourth capsuie: Schedule determined based on
results of first three capsules per ASTM E 185,
Paragraph 7.6.2.

Sece Subsection 5.3.4.2 for additional capsule
requirements.

Fracture toughness testing of irradiated cap-
sule specimens will be in accordance with require-
ments of ASTM E 185 as called out for by 10CFRS0,

Appendix H.
£3.1.6.2 Neutron Flux and Fisence Calculations

A description of the methods of analysis is
contained in Subsections 4.1.4.5 and 43 2.8,

£3.163 Predicted Irradiation Effects on
Beltline Materials

Transition temperature changes and changes in
upper-shelf energy shzll be calculated in accor-
dance with the rules of Regulatory Guide 1.99.
Reference temperatures shall be established in ac-
cordance with 10CFRS50, Appendix G, and NB-2330 of
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the ASME Code.

Since weld material chemistry and fracture
toughness data are not available at this time,
the limits in the purchase specification were
used 1o estimate worst-case irradiation cffects.

These estimates show that the adjusted refer-
ence temperature at end-of-life is less than
100 "F, and the end-of-life upper-shelf encrgy
exceeds 50 fi-lb. (See response to Question 251.5
for the calculation and analysis associated with
this estimate).

£3.1.6.4 Positioning of Surveillance Capsules
and Methods of Attachment (Appendix HII B (2))

Surveillance specimen capsules are located at
two azimuths at a common clevation in the core
beltline region. The capsule placement is de-
signed to produce a lead factor of approximately
1.2 to 1.5. The sealed capsules are not attached
to the vesscl but are in welded capsule holders.
The capsule holders are mechanically retained by
capsule holder brackets welded to the vesse! clad-
ding. Since reactor vessel specifications require
that all low-alloy steel pressure vessel boundary
materials be produced to fine-grain practice,
underclad cracking is of no concern. The capsule
holder brackets allow the removal and reinsertion
of capsule holders. Although not code parts,
these brackets are designed, fabricated, and
analyzed to the requirements of ASME Code Section
I11. A positive spring-loaded locking device is
provided to retain the capsules in position
throughout any anticipated cvent during the life-
time of the vessel. See Subsection 5.3.4.2 for
COL license information pertaining to materials
and surveiliance capsules.

In arcas where brackets (such as the surveii-
lance specimen holder brackets) are located, addi-
tional nondestructive cxaminations are performed
on the vessel base metal and stainless steel
weld-deposited cladding or weld-buildup pads
during vessel manufacture. The base metal is ul-
trasonically examined by straight-beam technigues
to a depth at least equal to the thickness of the
bracket being joined. The arca examined is (he
arca of width equal to at least half the thickness
of the part joined. The required stainless steel
weld-deposited cladding is similarly examined.
The full penetration welds are liquid-penctrant ex-
amined. Cladding thickness is required to be at
least 1/8 inch. These requirements have been suc-
cessfully applied to a variety of bracket designs
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the main condenser, and the feedwater svstem will
supply the makeup water required to maintain
reactor vessel inventory.

In the event the reactor vessel is isolated
and the feedwater supply unavailable, rehef
valves are provided to automatically (or remote
manuvally) maintain vessel pressure within desir-
able limits. The water level in the reactor
vessel will drop due to continued steam gen-
eration by decay heat. Upon reaching a predeter-
mined low level, the RCIC system will be initi-
ated automatically. The turbine-driven pump will
supply demineralized make-up water from (1) the
condensate storage tank (CST) to the reactor
vessel and (2) the suppression pool. Seismically
installed level instrumentation is provided for
automatic transfer of the water source with
manual override from CST to suppression pool on
receipt of either a low CST water level or high
suppression poo! level signals (CST water is
primary source). The turbine will be driven with
a portion of the decay heat steam from the
reactor vessel and will exhaust to the suppres-
sion pool. Suppression pool water is not usually
demineralized and hence should only be used in
the event all sources of demincralized water have
been exhausted.

During RCIC operation, the suppression pool
shall act as the heat sink for stcam gencrated by
reactor decay heat. This will result in a risc
in pool water temperature. RHR heat exchangers
are used 1o maintain pool water temperatsre
within acceptable limits by cooling the pool
water.

£4.6.1.1 Residual Heat and Isolation
£46.1.1.1 Residual Heat

The RCIC system shall initiate and discharge,
within 30 seconds, a specified constant flow into
the reactor vessel over a specified pressure
range. The RCIC water discharge into the reactor
vessel varies between s temperature ofnl.SOC up
to and including a temperature of 77 C. The
mixture of the cool RCIC water and the hot steam
does the followiag:

(1) quenches steam,

(2) removes reactor residual heat, and
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{3) replenishes reactor vessel inventory.

Redundantly the HPCF system performs a
similar function, hence providing single failure
protection. Both systems use different reliable
clectrical power sources which permit operation
with either onsite or offsite power. Addition-
ally, the RHR system performs a residual heat
removal function.

5.4.6.1.12 Isolation

Isolation valve arrangements include the fol-
lowing:

(1} Two RCIC lines penetrate the reactor coolant
pressure boundary. The first is the RCIC
steamline which branches off oue of the matn
steamlines between the reactor vessel and
the main sicam isolation valves. This line
has two automatic motor-operated isolation
valves, one 1s located 1aside and the other
outside the drywell. An automatic
motor-operated inboard RCIC isolation bypass
valve is used. The isolation signals noted
carlier close these valves.

(2) The RCIC pump discharge line is the other
line that penetrates the reactor coolant
pressure boundary, which directs flow into a
feedwater line just outboard of the primary
containment. This line has a testable check
valve and an automatic motor-operated valve
located outside primary containment.

(3) The RCIC turbine exhaust line also pene-
trates the containment. Containment
peactration is located about a meter above
the suppression pool maximum water level. A
vacuum breaking line with two vacuum
breakers in series runs in the sur ression
pool air space and connects to .we RCIC
turbine exhaust line inside the
containment. Located outside the
containment in the turbine exhaust line is a
remote-manually controlled motor operated
isolation valve.

(4) The RCIC pump suction line, minimum flow
pump discharge line, and turbine exhaust
line penctrate the containment and are sub-
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merged in the suppression pool. The isolation
valves for these lines are outside the contain-
ment and require automatic isolation operation,
except for the turbine exhaust line which has
remole manual operation.

The RCIC system design includes interfaces
with redundnat lcak detection devices,
monitoring:

{1) a high pressurc drop across a flow device in
the steam supply iine e¢quivalent to 300
percent of shc steady state steam flow at
B3.8 kg/cm abs pressure;

(2) @& high arca temperature utilizing tem-
perature switches as described in the leak
detection svsiem (high area temperature
shall be alarmed in the control rooem);

d
(3) a low reactor pressure of 3.5 kg/cem'g
minimum; and

(4) a high pressure between the RCIC turbine
exhaust rupture diaphragms.

These devices, activated by the redundant
power supplies, automatically solate the sicam
supply to the RCIC turbine and trip the turbine.
HPCF provides redundancy for RCIC should RCIC
become isolated.

£.46.12 Reliability, Operability, and Manual
Operation

£46.12.1 Reliability and Operability

The RCIC system (Table 3.2-1) is designed
| commensurate with the safety importance of the
system and its equipment. Each compunent is
j individually tested to confirm comphance with
sysiem requirements. The system as a whole is
tested during both the start-up and pre-
operational phases of the plant 1o set a base
mark for system reliability. To confirm that the
system maintains this mark, functional and
operability testing is performed at predetermined
intervals throughout the life of the plant.
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A design flow functional test of the RCIC
system may be performed during normal plant op-
eration by drawing suction from the suppression
pool and discharging through a full flow test
return line to the suppression pool. All compo-
nents of the RCIC system are capable of indi-
vidual functional testing during normal plant
operation. System control provides automatic
return from test to operaiing mode if system
initiation is required, and the flow is auto-
matically directed to the vessel. Also, see
Subsection 54.6.2.4.

See Subscction 5.4.15.1 for COL license
information.

£.4.6.1.22 Manual Operation

In addition to the automatic operational
features, provisions are included for remote-
manual startup, operation, and shutdown of the
RCIC system provided initiation or shutdown
signals do not exist.

£.4.6.12 Loss of Offsite Power

The RCIC system power is derived from a
reliable source that is maintained by either
onsite or offsite power.

£.4.6.1.4 Physical Damage

The system is designed io the requirements
presented in Table 3.2-1 commensurate with the
safety importance of the system and its equip-
ment. The RCIC is physically located in a dif-
ferent quadrant of the reactor building and uti-
lizes different divisional powrr and separate
elecirical routings than its redundant system as
discussed in Subsections 5.4.6.1.1.1 and
5.46.2.4.

£.4.6.1.5 Epvironment

The system operates for the time intervals
and the environmental conditions specified in
Section 3.11.

£.4.6.2 System Design

£46.2.1 General
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reactor pressure vessel to the main turbine and
condenser system, pencirate the primary
containment. The main stcam drain lines connect
the low points of the steam lines, penctrate the
primasy containment and are routed to the
condenser hotwell. The RCIC turbine steamline
connects 1o the main steam line in the upper
drywell and penetrates the primary containment.
For these lines isolation is provided by
automatically actuated block valves, one inside
and one just outside the containment.

62.432.122 RHR Shutdown Cooling Line

Three RHR shutdown cooling lines connect to
the reactor vessel and penctrate the primary
containment. Isolation is provided by two
automatically actuated block valves, one inside
and other outside the containment.

62422123 Reactor Water Cleanup System
Suction Line

The RWCU takes its suction from the botiom
head of the RPV and from the RHR "B" shutdown
cooling suction line. The RWCU suction line is
isolated by two automatic motor-operated gate
valves on the inside and outside of the
containment. Should a break occur in the RWCU
system, the check valves would prevent backflow
from the RPV and the isolation valves would
prevent forward flow from the RPV.

RWCU pumps, heat exchangers and filter
demineralizers are located outside the drywell

6.2.43.2.13 Conclusion on Criterion 58

In order to assure protection against the
consegquences of accidents involving the release
of radioactive material, pipes which form the
reactor coolant pressure boundary have been shown
to provide adequate isolation capabilitics on a
case-by-case basis. In all cases, 2 minimum of
two barriers were shown to protect against the
release of radioactive materials.

In addition to meecting the isolation
requirements stated in Criterion 55, the
pressure-retaining components which comprise the
reactor coolant pressure boundary are designed to
meet otler appropriate requirements which
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minimize the probability or consequences of an
accidental pipe rupture. The quality
requirements for these components ensure that
they are designed, fabricated, and tested to the
highest quality standards of all reactor plant
components. The classification of components
which comprise the reactor coolant pressure
boundary arc designed in accordance with the
ASME Boiler and Pressure Vessel Code, Section
I, Class 1.

It is therefore concluded that the design of
piping svstem which comprise the reactor coolamt
pressure boundary and penctrate containment
satisfies Criterion 55,

624322 Evsluation Against Criterion 56

Criterion 56 requires that lines which
penetrate the containment and communicate with
the containment interior must have two isolation
valves; one inside the containment, and one
outside, unless it can be demonstrated that the
containmen! isolation provisions for a specific
class of lines are acceptable on some other
hasis.

Although a word-for-word comparison with
Criterion 56 in some cases is not practical, it
is possible o demonstrate adeguate isolation
provisions on some other defined basis.

6243221 Influent Lines to Suppression
Poeol

Figure 6.2-38 identifies the isolation
provisions in the influent lines to the
suppression pool.

62432211 HPCF and RHR Test and Pump '
Minimum Flow Bypass Lines

The HPCF and RHR tcst and pump minimum flow |
bypass lines have isolation capabilities
commensurale with the importance to safety of
isolating these lines. Each line bas a motor-
operated valve located outside the containment.
Containment isolation reguirements are met on
the basis that the lines are low-pressure lines
constructed to the same quality standards
commensurate with their importance to safety.
Furthermore, the consequences of a break in
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these lines result in no significant safety con-
sideration. All of the lines terminate below the
minimum drawdown level in the suppression pool.

The test return lines are also used for
suppression pool return flow during other modes
of operation. In this manner, the number of
penetrations are reduced, thus minimizing the
potential pathways for radioactive material
release. Typically, pump mimmmum flow bypass
lines join the respective test return lines
downstream of the test return isolation vaive.
The bypass lines are isolated by motor-operated
valves in series with a restricting orifice.

62432212 RCIC Terbine Exhaust and Pump
Minimum Flow Bypass Lines

The RCIC turbine cxhaust line which
penctrates the containment and discharges 1o the
suppression pool is equipped with a normaliy
open, motor-operated, remote-manually actuated
gate valve located as closc 1o the containment as
possible, In addition, there is a simple check
valve upstream of the gate valve which provides
positive actuation for immediate isolation in the
event of a break upsiream of this vaive. The
gate valve in the RCIC turbine exhaust is
designed to be locked open in the control room
and is interlocked to preclude opening of the
inlet steam valve to the turbine until the
turbine exhaust valve is in its full open
position. The RCIC pump mimmum flow bypass line
is isolated by a2 normally closed, remote manually
actuated valve outside containment.

62.4322.13 SPCU Discharge Line

The suppression pool cleanup (SPCU) sysiem
discharge line te the suppression pool {ic.,
containmeni penetration, piping and iselation
valves) is designed to Scismic Category I, ASME
Section 11, Class 2 requirements.

6243222 EfMuent Lines from Suppression
Pool

Figure 6.2-38 identifies the isolation
provisions in the effluent lines from the
suppression pool.
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62432221 RHR, RCIC and HPCF Lines

The RHR, RCIC, and HPCF suction lines
contain motor-operated, remote-manually actuated
gate vaives which provide assurance of isolating
these fines in the event of a break. These
valves alse prowide long-term leakage control.
in addition, the suction piping from the
suppression pool must be available for long-term
usage following a desigr basis LOCA, and, as
such, is designed to the quality standards
commensurate with its importance to safety. The
RHR discharge line fill system suction lines
have manual valves for operational purposes.
These systems are solated from the containment
by the respective RHR pump suction valves from
suppression pool.

62432222 SPCU Suction Line

The SPCU system suction line has two
isolation valves. However, because the
penetration is under water, both the isolation
valves are located outside containment. The
first valve is located as close as possible to
the containment, and the second is located to
provide adequatc separation from the first.

6243223 ACS Lines To Containment

The atmospheric control system (ACS) has
both influent and effluent lines which penctrate
the containment. Both isolation valves on these
lines are outside of the containment vessel 1o
provide accessibility to the valves. The
inboard valve is located as close as practical
to the containment vessel. The piping to both
valves is an extension of the conmtainment
boundary

6.2.43224 Conclusion on Criterion 56

In order to assure protection against the
consequences of accidents involving release of
significant amounts of radioactive matcerials,
pipes that penetrate the containment have been
demonstrated 1o provide isolation capabilities
on a case-by-case basis in accordance with
Criterion 56.
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| oxygen concentration does not exceed 3.5 volume

percent during normal operation. The actual
oxygen concentration shall not exceed five
volume percent during an accident when the
hydrogen concentration is greater than four
percent. The inert containment can be deinerted
to allow safe personnel access without breathing
apparatus io iess than four hours.

Each penctration and pipe carrying nitrogen is
sloped as necessary to prevent condensation
collection and line biockage and shall be
protected against entry of debris.

All pipe volumes where liguid or very cold
nitrogen could be trapped between closed valves
have relief valves. All relief valves exhaust
outside the reactor building. Means are provided
to add nitrogen to the nitrogen storage tank
vapor space (1o decrease tank pressure) and the
hiquid volume (to increase tank pressure). Tank
level and pressure iudication are provided ai the
tank. Mcans for startup full scale testing of
the inerting and makeup portions of the sysiem
without mitrogen injection to the containment is
provided. During startup, the test discharges
shall be temporarily piped away from the control
pane! and storage and vaporization eguipment to
avoid excessive noise from the open discharge.
Strainers arce provided in the liguid portion of
the makeup and inerting lines. Means are provi-
ded to feed the makeup circuit from cither the
liguid or vapor portio: of the nitrogen storage.
Pressure is automatically maintained in the
pitrogen storage tank during nitrogen discharge
by a circuit with another ambient heat exchanger
fed by a pressure control valve. The inerting
and makeup portions of the system do not rely on
pumps to perform their function. Means are
provided to manually vent the tank vapor space to
control pressure. Means are provided to drain
the storage tank. The vessel bottom is sloped or
dished to facilitate this draining.

Pressure relief for the nitrogen storage taok
is provided at 10 percent above the upper limit
of the normal range of operating pressures.
Rupture disks, set 20 percent above the upper
limit but not higher than the design pressure of
the vessel, are provided. Redundant pressure
relief valves are provided so that protection is
immediately available should a disk rupture and
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then be isolated. Penctrations through the
nitrogen storage taek insulai:on are minimized
to reduce heat gain. The length of piping
through the insulation is maximized to the
extent practicable to reduce heat gain.

The drywell and wetwell atmospheric oxygen
concentration will be less than 3.5% by volume
within 24 hours after thermal power is greater
than 15% of plant rating. Twenty four hours of
operation above 3.5% oxygen by volume and 15%
power is allowed before a scheduled shutdown.
All piping outside the outboard primary
containment isolation valves carrying nitrogen
are protected from overpressurization by relief
valves ducted to the atmosphere.

62522 Nitrogen Makeup

(1) The nitrogen makeup equipment is sized to
maintain a positive pressure in the drywell
and wetwell during the maximum drywell cool
down rate not caused by spray actuation,

(2) Automatic addition of mitrogen is
physically limited to less than the maximum
drywell bleed capacity.

6.252.4 Drywell Bleed

Primary containment bleed capability is
provided in accordance with Regulatory Guide 1.7
and as an aid in cleanup following an accident.
During normal plant operation, the bleed line
also functions, in conjunction with the nitrogen
purge line to maintais primary containment
pressure at about 0.75 psig and oxygen
concentration below 3.5 percent by volume. This
is accomplished by makeup of the required
guantity of nitrogen into the primary
containment through the makeup line or relicving
pressure through the bleed line. The drywell
bieed line is manually operable from the control
room. Flow through the bleed line will be
directed through either the SGTS or the
secondary containment HVAC, and be monitored by
the SGTS and SCHVAC flow and radiation
instrumentation. All ACS primary containment
isolation valves are automatically closed when
high radiation is detected in the exhaust flow.

The drywell bleed line is located above an
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elevation which would be covered by post-LOCA
flooding for unloading the fuel

62525 Pressure Control

(1) 1n general, during startup, normal, and
abnormal operation, the wetwel! and drywell
pressures is maintained greater than 0 psig
to prevent leakage of air {oxygen) into the
primary containment from sccondary
containment but less than the nominal 2 psig
scram sel point. Sufficient margin is
provided such that normal containment
temperature and pressure fluctuations do not
cause either of the two limits to be reached
considering variations in initial
containment conditions, instrumentation
errors, operator and equipment response
time, and equipment performance.

{2) Nitrogen uykeup automatically maintains a
5306 kg/m” (0.75 psig) positive pressure
to avoid leakage of air from the secondary
into the primary containment.

(3) The drywell biced sizing is capable of
maintaining the primary containment pressure
less than 880 kg/m” (1.25 psig) during
the maxamum containment atmospheric heating
which could occur during plant startup.

62526 Overpressure Protection

(1) The system is designed to passively relicve
the wejwell vapor space pressure at 5.6
kg/cm g. The system valves are capable
of being closed from the main control room
using AC power and pncumatic air.

(2) The vent system is sized so that residual
core thermal power in the form of steam can
be passed through the relief piping to the
stack.

(3) The initial driving force for pressure
relief is assumed to be the expected
pressure setpoint of the rupture disks.

(4) The rupture disks are constructed of
stainless steel or a material of similar

corrision resistance

{5) A number of rupture disks are procured at
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the same time and made from the same sheet
1o provide uniformity of reliefl pressure.

(6) The rupture disks are capable of
withstanding full vacuum in the werwell
vapor space without leakage.

(7) The piping material is carbon stgel. The
design pressure is 10.5 kg/em g (150
psi), and the design temperature is
1711°C.

62527 Recombiner

(1) Two permanently installed safety-related
recombiners arc located in secondary
containmert. Each recombiner, as shown in
Figure 6.2 40, takes suction from the
drywell, passe the process flow through a
heating section, a reactor chamber, and a
spray cooler The gas is returned to the
wetwell,

(2) The recombiners are normally initiated on
high levels as determined by CAMS (if
hydrogen is nol preseni, OXyges
concentrations are controlied by nitrogen
makeup).

6253 Design Evaluation

The ACS is designed to maintain the
containment in an incr! condition except for
sitrogen makeup necded to maintain a positive
containment pressure and prevent air {0,)
lcakage from the secondary into the primary
containment.

The primary containment aimosphere will be
inerted with nitrogen during normal operation of
the plant. Oxygen concentration in the primary
containment will be maintained below 3.5 volume
percent measured on a dry basis.

Following an accident, hydrogen concentration
will increase due to the addition of hydrogen
from the specified design-basis metal-water
reaction. Hydrogen concentration will also
increase due to radiolysis. Any increasc in
bydrogen concentration is of lesser concern
because the containment is inerted. Due to
dilution, additional hydrogen moves the
operating point of the containment atmosphere
farther from the covelope of flammability.
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conscrvative direction simultancously. The
results of this calculation for the limiting case
are given in Figure 6.3-67 through 6.3-75 and
Table 63-4. Since the ABWR results have large
margins to the OCFRS0.46 licensing acceplance
critenia, the ABWR lmmg!’(‘rcnbcbacdon
the bounding PCT which is well below the 2200°F
PCT himit.

6338 LOCA Analysis Conclusions

Having shown compliance with the applicable
acceplance criteria of Scction 6.3.3.2, 1t s
concluded that the ECCS will perform ats function
in an acceptable manner and meet all of the
criteria in Appendix 4B, given operation at or
below the MAPLHGRs provided by the wtility for
cach fuel bundic. See Subsection 6.3.6.

6.31.4 Tests and Inspections
6341 ECCS Performance Tests

All systems of the ECCS are tested for thew
operational ECCS function during the
preoperational and/or startup test program. Each
component is tested for power source, range,
direction of rotation, setpoint, limit switch
setting, torgue switch setting, etc. Each pump
is tested for flow capacity for comparison with
vendor data. (This test is also used to verify
flow measuring capability). The flow tests
involve the same suction and discharge source
{i.c.. suppression pool).

All logic clements are tested individually and
then as & system to verify complete system
response 1o emergency signais including the
ability of valves 1o revert to the ECCS alignment
from other poasitions.

Finally, the entire system is tested for
response time and flow capacity taking suction
from its normal source and delivering flow into
the reactor vessel. This last series of tests is
performed with power supplied from both offsite
power and ORSIE SMETECNCY POWET.

See Chapter 14 for a thorough discussion of
preoperational testing for these systems.

See Subsection 6.3.6.2 for COL license infor-
mation regarding ECCS testing requircments.
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6342 Reliability Tests and lnspections

The average reliability of a standby
(nonoperating) safety system is a function of
the duration of the interval between periodic
functional tests. The factors considered in
determining the periodic tost interval of the
ECCS are: (1) the desired system availability
(average reliability); (2) the number of
redundant functional system success paths, (3)
the failure rates of the individual components
in the system; and (4) the schedule of periodic
tests (simultancous verses uniformly staggered
versus randomly staggered).

All of the active components of the HPCF
System, ADS, RHR and F.CIC Systems are designed
so that they may be tested during normal plant
operatien. Full flow test capability is
provided by a test line back to the suction
source. The full flow test 1s used to verify
the capacity of cach ECCS pump loop while the
plant remains undisturbed in the power
generation mode. In addition, cach individual
valve may be tested during normal plant
operation.

All of the active components of the ADS
Svstem, except the safety/relicf valves and
their associated solenoid valves, sre designed
so that they may be tested during normal plant
operation. The SRVs and associsted solenoid
valves are all 1ested during plant initial power
ascension per Appendix A, Paragraph D.2.c of
Regulatory Guide 168, SRVs are bench tested to
establish lift sottings.

Testing of the initiating instrumentation and
controis portion of the ECCS is discussed in
Subsection 7.3.1. The emergency power svstem,
which supplics electrical power to the ECCS in
the cvent that offsite power is unavailable, s
tested as described in Subsection 8.3.1. The
frequency of testing is specified in the Chapter
16 Technical Specifications. Visual inspections
of all the ECCS components located oviside the
drywell can be made at any ime during power
operation. Components inside the drywell can be
visually inspected only during periods of access
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to the drywell. When the reactor vessel is open,
the spargers and other internals can be
mmspected.

63421 HPCF Testing

The HPCF can be testied at full flow with
suppression pool waler al any time during plant
operation excepl when a system imitiation signal
is present. If an initiation signal occurs while
the HPCF is being tested, the syslem returns
automatically to the operating mode. The
motor-operated valve in the line to the
condensate storage svstem is interlocked closed
when the suction valve from the suppression pool
is open

A design flow functional test of the HPCF over
the operating pressure and flow range is
performed by pumping water from the suppression
pool back through the full flow test return line
to the suppression pool

The suction vaive from the condensate storage
tank and the discharge valve to the reactor
remain closed. These two valves are tested
separately to ensure their operability.

The HPCF 1est conditions are tabulated on the
HPCF process flow diagram {Figure 6.3-1)

63422 ADS Testing

An ADS logic system functional test and
simulaled automatic operation of all ADS logic
channels are 10 be periormed at least once per
plant operzting interval between reactor
refuclings. Instrumentation channels are
demonstrated operable by the performance of a
channel functional test asd a trip wuil
calibration at least once per month and a
transmitier cahibration at least once per
operating interval

All SR Vs, which include those used for ADS are

bench tested to establish 1ift settings in
complhiance with ASME Code Section X1,

Amendment 7

63423 RHR Testing

The RHR pump and valves are tested
periodically during reactor operation. With the
injection valves closed and the return line open
to the suppression pool, full flowing pump
capability is demonstrated. The injection valve
and the check valve are tested in a manner
similar to that used for the HPCF valves. The
system test conditions during reactor operation
arc shown on the RHR system process diagram
(Figure 6.3-3).

63424 RCIC Testing

The RCIC loop can be tested during reactor
operation. To test the RCIC pump at rated flow,
the test bypass line vaive 1o the suppression
pool and the pump suction valve from the
suppression pool are opened and the pump is
started vsing the turbine controls in the
control room. Correct operation is determined
by observing the instruments in the cortrol
room.

If an initiation signal occurs during the
tes?, the RCIC system returns to the operating
mode. The valves in the test bypass hines are
closed sutomatically and the RCIC pump discharge
valve is opened to assure flow is correctly
routed to the vessel.

6.1.5 Instrumentation Requirements

Design details including redundancy and logic
of the ECCS mnstrumentation are discussed in
Section /.3

All instrumentation required for avtomatic
#nd manual initistion of the HPCF, RCIC, RHR and
ADS is discussed in Subsection 7.3.1 and is
designed to meet the requirements of 1EEE-279
and other applicable regulatory requirements.
The HPCF, RCIC, RHR and ADS can be manually
initiated from the control room.

The RCIC, HPCF, and RHR are zutomatically
initiated on low reactor water level or high
drywell pressure. The ADS is automatically
actuated by sensed variables for reactor vessel
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low water level and drywell bigh pressure plus
indication that at least one RHR or HPCF pump
operating The HFCF, RCIC, and RHR sutomatically
return from system flow test modes to the
emergency core cooling mode of operation
following receipt of an automatic invitation
signal. The RHR LPFL mode injection into the
RPV begins when reactor pressere decreases to the

RHR’s pump discharge shutoff pressure.

HPCF injection begins as soon as the HPCF pump
is up to speed and the injection valve is open,
since the HPCF is capable of injection water into
the RPV over a pressure range from 1177 psid to
100 psid or pressure difference between the
vessel and drywell.

6.3.6 COL License Information

63561 ECCS Performance Kesults

The exposure dependent MAPLHGR, peak cladding

temperature, and oxidation fraction for ecach fucl
bundie design based on the limiting break size
will be provided by the COL applicant to the
USNRC for information. {Sece Subsection 6.3.3).

63.62 ECCS Testing Requirements

In accordance with Technical Specification SR
3.5.1.7, the COL applicant will perform a test
every refucling in which each ECCS subsystem is
actuated through the emergency operating
sequence. (Seec Subsection 6.3.4.1)

6.3.7 Reference

1. General Eleciric Company Analvtical Model
for Loss-cf-Coolant Analysis in Accordance

with JOCFRS0, Appendix K, (NEDE-20566-F-A),

Septembier 1986,
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6.5 FISSION PRODUCTS REMOVAL AND
CONTRCL SYSTEMS

6.5.1 Engineered Safety Features Filter
Svstems

The filter systems required to perform
safety-related functions following a design basis
accident are:

(1) Standby gas treatment system (T22-SGTS).

2) Control room portion of the HVAC system.
(U41-HVAC)

The control room portion of the HVAC system 15
discussed in Section 6.4 and Subsection 9. 4.1.
The SGTS is discussed in this Subsection (6.5.1)

6.5.1.1 Design Basis
65.4.1.1 Power Generation Design Basis

The SGTS has the capability to filter the
gascous cffluent from the primary containment or
from the sccondary containment when required (o
limit the discharge of radioactivity to the
envirenment 10 meet 10CFRI00 reguirements.

65.1.1.2 Saiety Design Rasis

The SGTS is designed to accomplish the
following:

(1) Maintain a negative pressure in the
secondary containment, relative 1o the
outdoor atmosphere, to control 11 release
ol fission products 1o the environmeni

(2) Filter airborne radioactivity (halogen and
air particulates) in the effluent to reduce
offsite doses to within the limits specified
in 16CFR100.

(3) Ensore that failure of any active component,
assuming loss of offsite power, cannot
impair the ability of the system to perform
its safety function
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{4) Remain intact and functional in the event of
a safe shutdown earthquake (SSE).

(5) Meet environmental gaalification
requirements cstablished for system
operation.

{6) Filter airborne radioactivity (halogens and
particulates) in the effluent to reduce
offsite doses during normal and upsct
operations to within the hmits of 10CFR20.

6512 System Design
65.1.2.1. General

The SGTS P&ID is provided as Figure 6.5-1.
65122 Compenent Descrigtion

Table 6.5-1 provides @ summary of the major
SGTS components. The SGTS consists of twe
parallel and redundant filter trains. Suction
1s taken from above the refueling area or from
the primary containmen! via the atmospheric
control system (T31-ACS). The treaied discharge
goes to the main plant stack.

The SGTS consists of the following principal
components:

{1) Two filter trains each consisting of a
moisture seprator, an clectric process
heater, a prefilter, a bhigh efficiency
particulate air (HEPA) filter, a charcoal
adsorber, a second HEPA filter, and space
heaters.

(2) Two independent process fans located
downstream of the cach filter train and 1wo
independent cooling fans for the removal of
decay heat from charcoal.

6.5.1.23 SGTS Operation
651231 Automatic

Upon the receipt of & high primary
containment pressure signal or a low reactor

water level signal, or when hgh radioactivity
is detected in the secondary containment or
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refucling floor ventilation exhaust, toth SGTS trains
are automatically operated. When the operation of
both the trains is assured, onc train is placed in
standby mode. In the event a malfunction disables
an operating tram, the standby train s awtomatically
itiated.

651232 Manual

The SGTS is on standby during normal plant
operation and may be manually initiated before or
during primary containmen! purging (de-inerting)
when required to limit the discharge of contaminants
to the environment within 10CFR20 Limits. It may
be manually initiated for testing or whenever its use
may be needed to avoid exceeding radiation monitor
setpoints.

6512233 Decay Heat Removal

Cooling of the SGTS filters may be required to
prevent the gradual accumulation of decay heat in
the charcoal. This heat is generated by the decay of
radicactive jodine adsorbed on the SGTS charcoal.
The charcoal is typically cooled by the air from the
process fan,

A water deluge capability is also provided, but
primarily for fire protection since redundant process
fans are provided for air cooling. Since the delug is
available, it may also be used to remove decay heat
for sequences outside the normal design basis,
Temperature instrumentation is provided for control
of the SGTS process and space electric heaters. This
instrumentation may also be used by the operator to
[re-Jestablish a cooling air flow post-accident, if
required.

Water is supplied from the fire protection system
and is connected to the SGTS via a spool piece.

6512 Design Eveluation

65131 General

(1) A slight negative pressure is normally
maintained in the secondary containment by
the reactor building HVAC system (Subsection
9.4.5). On SGTS mitiation per Subsection
6.5.1.2.3.1, the secondary containment HVAC
is automatcaily isolated.

(2) The SGTS filter perticulate and charcoal
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efficiencies are outlined in Table 6.5-1. Dose
analyses of events requiring SGTS operation,
described in Subsections 15.6.5 and 15.7.4,
indicate that offsite doses are within the himits
established by 10 CFR 104,

{3) The SGTS is designated as an engincered
safey feature since it mitigates the
consequences of = postulated accident by
controlling and reducing the releasc of
radioactivity (0 the environment. The SGTS,
except for the deluge, is designed and built 1o
the requirements for Safety Class 3 equipment
as defined in Section 3.2, and 10 CFR 50,

Appendix B,

The SGTS has independent, redundant active
trains. Should any active train fail, SGTS
functions can be performed by the redundant
train. The electrical devices of independent
components are powered from separate Class
1E eleatnical busses.

(4) The SGTS is designed to Seismic Category |
requirements as specified in Section 3.2. The
SGTS is housed in 8 Category | structure. All
surrounding equipment, components, and
supports are designed to appropriate safety
class and seismic requirements.

(5) A sccondary containment draw-down analysis
will be performed 1o demonstrate the capability
of the SGTS to maintain the design negative
pressure following a LOCA including ilcakage
from the open, non-isolated penetration lines
identificd during construction enginecring and
the event of the worst single failure of a
secondary isolation valve 1o close. (Sce
Subsection 6.5.5.1 for COL license information
requirements),

65132 Sizing Basis

Figure 6.5-2 grovides an assessment of the
secondary containment pressure after the
design-basis LOCA assuming an SGTS fan capacity
of 6800 m™hr (21°C, 1 atmosphere) per fan. Credit
for secondary contzinment as a fission product
control system is only taken if the secondary
containment is actually at a negative pressure by
considering the potential effect of wind on the
ambicot pressure in the vicinity of the reactor
building. For the ABWR dose analysis, direct
transport of containment icakage to the eovironment
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6.6 PRESERVICE AND INSERVICE
INSPECTION AND TESTING OF CLASS
2 AND 2 COMPONENTS AND PIPING

This subsection describes the preservice and
inservice inspection and system pressure test
programs for Quality Groups B and C, ic., ASME
Code Class 2 and 3 items®, respectively. It describes
those programs implementing the requirements of
ASME B&PV Code, Section X1, Subsections IWB
and IWC. The requirements for subsequent
inservice inspection intervals are addressed in
Subsection 5.33.7.

The development of the preservice and
inservice inspection program plans will be the
responsibility of the COL applicant and will be based
on the ASME Code, Section X1, Edition and
Addenda specified in accordance with 10CFRS0,
Section 50.55a. Responsibility for designing
components for preservice and inservice inspection is
the responsibility of the COL applicant. The COL
applicant will be responsible for specifying the
Edition of the ASME Code, Section X1, to be used,
based on the procurement date of the component
per 10CFRS0, Section 50.55a. The ASME Code
requirements discussed in this section 2re provided
for information and are based on the 1989 Edition of
the ASME Section X1. Sece Subsection 6.6.9.1 for
COL license information requirements.

6.6.1 Class 2 and 3 System Boundaries

The Class 2 and 3 system boundaries for both
preservice and inservice inspection programs and the
system pressure test program includes applicable
items within the 3 boundary and the 4 boundary on
the piping and instrumentation drawings (P&IDs).
Those items boundarics include all or part of the

following:

(1) Main stcam system

(2) Feedwater system

(3) Reactor core 1solation cooling sysicm
(4) High pressure core flooder system
(5) Standby liquid control system

(6) Residual heat removal sysiem.

(7) Reactor water clean up system

® Jiems as used in this Section are products
construcied under a Certificate of Authorization
(NCA-3120) and material (NCA-1220). See Section
111, NCA- 1000, footnote 2
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(8) Control rod drive system

(9) Deleted

(10) Purified make up water system

(11) Atmospheric control syster:

(12) Deleted

(13) HVAC normal cooling water system
{14) Deieted

(15) Deleted

(i6) Deleted

(17) Reactor building cooling water system
(18) Deleted

{19) Fuel pool cooling and clean-up system
(20} Reactor service water system

6.6.1.1 Class 2 System Boundary Description

Those portions of the systems listed in
Subsection €.6.1 within the Class 2 boundary, based
on Regulatory Guide 1.26, Revision 3, for Quality
Group B, are as follows:

(1) Portions of the reactor coolant pressure
boundary as defined in Subsection 5.2.4.1.1, but
which are excluded from the Class 1 boundary
pursuant (o Subsection 5.2.4.1.2.

(2) Systems or portions of systems important to
safety that are designed for reactor shutdown
or residual heat removal,

(3) Portions of the steam systems extending from
the outermost containment isolation valve up to
but not including the turbine stop and bypass
valves and connected piping up to and including
the first valve that is cither normally closed or
capable of automatic closure during all modes
of normal reactor operation.

(4) Systems or portions of systems that are
connected to the reactor coolant pressure
boundary and are not capable of being isolated
from the boundary during all modes of normal
reactor operation by two valves, cach of which
is normally closed or capable of automatic
closure.

(5) Systems or portions of systems important 1o
safety that are designed for (1) emergency core
cooling, (2) post accident containment heat
removal, or (3) post accident fission product
removal.

Items (1) through (5) above describe the Class
2 boundary only and are not rclated to exemptions
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from inservice examinations under ASME Code,
Section XI rules. The Class 2 components exempt
from inservice examinations are described in ASME
Code, Section X1, TWC-1220.

6.6.1.2 Class 3 System Boundary Description

Those portions of the systems listed in
Subsection 6.6.1 within the Class 3 boundary, based
on Regulatory Guide 1.26, Revision 3, for Quality
Group C, are not part of the reactor coolant pressure
boundary but are as follows:

(1) Cooling water systems or portions of cooling
water systems important Lo safety that are
designed for emergency core cooling,
post-accident containment heat removal,
post-accident contamment atmosphere cleanup,
or residual heat removal from the reactor and
from the spent fuel storage pool (including
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primary and sccondary cooling systems).
Portions of these systems that are required for
their safety functions and that do not operate
during any mode of normal operation and
cannot be tested adeguately, bowever, are
included in Class 2.

(2) Cooling water and scal water systems or
portions of these svstems important to safety
that are designed for functioning of
components and systems important to safety.

(3) Systems or portions of systems that are
connected to the rector coolant pressure
boundary and are capable of being isclated
from that boundary during all modes of normal
reactor operation by two valves cach of which is
normally closed or capable of automatic
closure.

{4) Systems, other than radioactive waste
management sysiems, not covered by items 2, b
and ¢ above, that contain or may contain
radioactive material and whose postulated
failure would result in conservatively calculated
potential offsite doses (ref. Regulatory Guides
1.3 and 1.4), that exceed 0.5 rem (o the whole
body or its equivalent to any part of the body.

Items (1) through (4) above describe the Class
3 boundary only and are not! exemptions from
inservice examinations under ASME Code, Section
X1 rules. The Class 3 components exempt from
mservice examinations are described in the ASME
Code, Section X1, TIWD-1220.

6.6.2 Accessibility

All items within the Class 2 and 3 boundaries
are designed to provide access for the examinations
required by TWC-2500 and TWD-2500. Respons-
ibility for designing components for accessibility for
preservice and inservice inspection is the
responsibility of the COL applicant. See Subsection
6692 for COL license imnformation requirements.

6.6.2.1 Class 2 RHR Heat Exchangers

The physical arrangement of the residual heat
removal (RHR ) heat exchangers shall, be conducive
to the performance of the required ultrasonic and
surface examinations. The RHR heat exchanger
nozzle-to-shell welds will be 100% accessible for
preservice inspection during fabrication but might
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have limited arcas that wili not be accessible from
the cuter surface for inservice examination
technigues. However, the inservice inspection
program for the RHR heat exchanger is the
responsibility of the COL applicant and any inscrvice
mspection program rebief request will be reviewed by
the NRC staff based on the Code Edition and
Addenda in effect and inservice inspection
technigues available at the time of COL application.
Removable thermal insulation is provided or those
welds and nozzles selected for frequent examination
during the inservice inspection. Platforms and
ladders are provided as necessary to facilitate
cxamination,

6622 Class 2 Piping, Pumps Valves and Supports

Physical arrangement of piping pumps and
valves provide personne! access to cach weld location
for performance of altrasonic and surface (magnetic
particle or liguid penctrant) examinations and
sufficient access to supports for performance of
visual, VT-3, examination. Working platforms arc
provided in some arcas to facilitate servicing of
pumps and valves. Removable thermal nsulation 1
provided on welds and components which require
frequent access for examination or are located in
high radiation arcas. Welds are located to permit
ultrasonic examination from at least one side, but
where component geometrics permit, access from
both sides is provided.

Restrictions: For piping systems and portions
of piping systems subject to volumetric and surface
examination, the following piping designs are not
used:

(1) Valve 1o valve

(2) Valve to reducer
(3) Vaive 1o tee

(4) Elbow 10 elbow
(5) Elbow to tee

{6) Nozzle o clbow
(7) Reducer to elbow
(8) Tee to tee

(9) Pump to valve

Straight sections of pipe and spool pieces shall
be added between fittings. The minimum length of
the spool piece has been determined by using the
formulate L = 2T + 6 inches, where L equals the
length of the spool picce (not including weld
preparation) and T equals the pipe wall thickness.

6.6-2
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6.6.3 Examination Categories and Methods

66321 Examination Categories

The examination category of each item is histed
in Table 6.6-1 which is provided as an example for
the preparation of preservice and inservice program
plans. The items are listed by system and line
number where applicable. Table 6.6-1 also states the
method of examination for cach #tem.

For preservice examination, all of the items
selected foz inservice examination shall be
performed once in accordance with ASME Section
X1, IWC-2200 and TWD-2200, with the exception of
the examinations specifically excluded by ASME
Section XI from preservice requirements, such as the
visual VT-2 examinations for Category C-H, D-A,
D-B and D-C.

6.63.2 Examination Methods
6.62.2.1 Visusl Examination

Visual Examination Methods, VT-2 and VT-3,
shall be conducted in accordance with ASME
Section X1, IWA-2210. In addition, VT-2

examinations shall also meet the requirements of
ITWA-5240.
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described in Section X1, IWC-2412. Except where
deferral is permitted by Table IWC-2500-1, the
percentages of examinations compieted within cach
period of the interval shell correspond to Table
IWC-2412-1. An example of the selection of Code
Class 2 items and examinations to be conducted
within the 10-year intervals are described in Table
6.6-1

6642 Ciass 3 Systems

The inservice inspection intervals for Class 3
systems will conform to Inspection Program B as
described in Section X1, IWD-2412. Except where
deferral is permitted by Table IWD-2500-1, the
percentages of examinations completed within cach
period of the interval shall correspond to Table
IWD-2412-1. An example of the selection of Code
Class 3 items and examinations to be conducted
within the 10-vear intervals arc described in Table
6.6-1.

6.6.5 Evaluation of Examination Results

Examination results will be evaluated in
accordance with ASME Section X1, IWC-3000 for
Class 2 components, with repairs based on the
requirements of IWA-4000 and IWC-4000.
Examination results will be evaluated in accordance
with ASME Section X1, IWD-3000 for Class 3
components, with repairs based on the requirements
of TWA-4000 and TWD-4000.

6.6.6 System Pressure Tests
6.6.6.1 Svstem Inservice Test

As required by Section X1, IWC-2500 for
category C-H and by IWD-2500 for categories D-A,
D-B and D-C, a system inservice test shall be
performed in accordance with IWC-5221 on Class 2
svstems, and IWD-5221 on Class 3 systems, which
are required 1o operate during normal operation
The sysiem inservice test shall include all Class 2 or 3
components and piping within the pressure retaiming
boundary and shall be performed once during cach
inspection period as defined i Tables TWC-2412-1
and IWI»-2412-1 for Program B. For the purnoses
of the system inservice test of Class 2 systems, the
pressure retaining boundary is defined in Table
IWC-2500-1, Category C-H, Note 7. For the
purposes of the system inservice test for Class 3
systems, the svstem boundary is defined in Note 1 of
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Table IWD-2500-1, for categories D-A, D-B and
D-C. The system inservice test shall include a VT-2
examination in accordance with IWA-5240, except
that, where portions of a system are subject to
system pressure tests associated with two different
functions, the VT-2 examination shall only be
performed during the test conducted at the higher of
the test pressures. The system inservice test will be
conducted at approxamately the maximum operating
pressure and temperature indicated in the applicable
process flow diagram for the sysiem as indicated in
Table 1.7-1. The system hydrostatic test (Subsection
5.2.4.6.2), when performed is acceptable i lieu of
the system mservice test.

6.6.62 System Functional Test

As required by Section X1, IWC-2500 for
category C-H and by IWD-2500 for categories D-A,
D-B and D-C, a system functional test shall be
performed in accordance with IWC-5221 on Class 2
systems, and IWD-5221 on Class 3 systems, which
are not required to operaie during normal operation
but for which a periodic system functional test is
performed. The system functional test shall include
all Class 2 or 3 components and piping within the
pressure retatning boundary and shall be performed
once during each inspection period as defined in
Tables IWC-2412-1 and IWD-2412-1 for Program B.
For the purposes of the system functional test of
Class 2 systems, the pressure retaining boundary is
defined in Table TWC-2500-1, Category C-H, Note 7.
For the purposes of the system functional test for
Class 3 systems, the system boundary is defined in
Note 1 of Table IWD-2500-1, categories D-A, D-B
and D-C. The svstem inservice test shall include a
VT-2 examination in accordance with TWA-5240,
except that, where portions of a system are subject to
system pressure tests associated with two different
functions, the VT-2 examination shall only be
performed during the test cor ducted at the higher of
the test pressures. The system functional test will be
conducted at the nominal operating pressure and
temperature indicated in the applicable process flow
diagram for the functional test for each system as
indicated in Table 1.7-1. The system hydrostatic test
(Subsection 5.2.4.6.2), when performed is acceptable
in lieu of the system inservice test.

6663 Hydrostatic Pressure Tests

As required by Section X1, IWC-2500 for
Category B-P, the hydrostatic pressure test shall be

6.6-4
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performed in accordance with ASME Section
IWC-3222 on all Class 2 components and piping
within the pressure retaining boundary once during
cach 10 vear inspection interval. For purposes of the
hydrostatic pressure test, the pressure retaining
boundary is defined in Table IWB-2500-1, Category
B-P, Note 1. The system hydrostatic test shall
include a VT-2 examination in accordance with
IWA-5240. For the purposes of determining the test
pressure for the system hydrostatic test in
accordance with IWB-5222 (a), the system design
pressure as indicated on the applicable piping and
instrumentation diagram for the system, as shown in
Table 1.7-1, shall be used for Psv in all cases.

6.6.7 Augmented Inservice Inspection
6.6.7.1 High Energy Piping

All high encrgy piping between the
containmen! isolation valves are subject to the
following additional inspection requirements:

All circumferential welds shall be 100 percent
volumetrically examined each inspection interval as
defined in Subsection 6.6.3.23. Further, accessibility,
cxamination requircments and procedures shall be as
discussed in Subsections 6.6.2, 6.6.3 and 6.6.5,
respectively. Piping in these areas shall be seamless,
thereby eliminating all longitudinal welds.

6.6.7.2 Erosion-Corrosion

Piping systems determined 1o be susceptible to
single-phase erosion-corrosion shall be subject to a
program of nondestructive examinations to verify the
system structural integrity. The examination
schedule and examination methods shail be
determined in accordance with the NUMARC
Program {or another equally effective program) as
discussed in Generic Letter 89-08, and applicabie
rules of Section X1 of the ASME Boiler and Pressure
Vessel Code.

6.6.8 Code Exemptions

As provided in ASME Section XI, IWC-1220
and 1WD-1220, certain portions of Class 2 and 3
systems are exempt from the volumetric and surface
and visual examination requirements of I'WC-2500
and TWD-2500. These portions of systems are
specifically identified in Table 6.6-1
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6.69 COL License Information
6.6.9.1 PSI gnd IS] Program Plans

The COL applicant will develop a PSI and 18]
program plans as outlined in Section 6.6.

6.6.9.2 Access Reguirements

The COL applicant will incorporate plans for
NDE during design and construction in order to
meet all access requirements of the regulations. (See
Subsection 6.6.2)
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6.7 HIGH PRESSURE NITROGEN GAS
SUPPLY SYSTEM

6.7.1 Functions

The high pressure nitrogen gas supply system
1s divided into two independent divisions, with
cach division containing a safety-related
emergency stored nitrogen supply. The cssential
stored nitrogen supply is Safety Class 3, Seismic
Category 1, designed for operation of the main
steam S/R valve ADS function accumulators.

The function of the nonsafety-related, makeup
nitrogen gas supply system s

relief function accumulators of main stcam
S/R wvalves,

(1)

(2) pocumatically operated valves and

instruments inside the PCV,
(3) leak detection system radiation monitor
calibration
(4) ADS function accumulators to compensate for
the leakage from main steam S/R solenoid
valves during normal operation

6.7.2 System Description

Normally, nitrogen gas for both the essential
and nonessential makeup systems is supplied from
the nitrogen gas evaporator via the makeup line
to the atmospheric control (AC) system. The
nitrogen supply system shall supply nitrogen
which s oil-frec with a moisture content of fess
than 2.5 ppm. This nitrogen is filtered in the
HPIN system to remove particles larger than §
microns. All equipment using this nitrogen shall
be capable of operating with nitrogen of the
guality listcd above. If nitrogen is not
available from the AC system to supply the
essential system. nitrogen 1s supplied from high
pressure nitrogen gas storage bottles. The
essential system is separated into two
divisions. There are ticlines between the
nonessential and each division of the esseriial
system. Each ticline has a motor operated
shutoff valve. For details, see Figure 6.7-1 and
Tabilc 6.7-1.

Each division of the essential system has ten
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bottles. Normally, outlet valves from five of
the ten bottles are kept open. Each division
has a pressure control valve to depressurize the
nitrogen gas from the bottles.

The bottles are mechanically restiained to
preclude generation of high-pressare missiles
during an SSE. The bottles are also covered by
a beavy steel plate, which serves as a barrier
to potential missiles.

Flow rate and capacity requirements are
divided into an initial requirement and a
continuous supply. An initial requiremem for
cach ADS SRV provides for actuations of the
valve againsi drywell pressure. Fifty gallon
accumulators supplied for cach main steam ADS
SRV actuvator fulfill the steam valve
reguirement. The continuous supply 1s divided
into safety and nonsafety portions.

Compressed nitrogen al a rate adeguate to
make up the nitrogen leakage of cach serviced
valve is provided by the safety portion. This
assumes an air leakage rate for each valve of 1
scfh for a period of at least seven days. The
essential system with associated lines, valves
and fittings are classified as Safety Class 3,
Seismic Category L.

The nonsafety portion provides compressed
nitroges af & rate adequaie to recharge the ADS
SRV accumulators. The noncssential system has
two pressure conmtrol valves to depressurize the
nitrogen gas from the AC system. One is to
depressurize to 200 psi for the SRV accumulators
and the other is 1o depressurize to 100 psi for
other pneumatic uses.

The continuous supply portion of the
pnecumatic system, extending from the AC system
to the isolation valve prior to the essential
system 1s not safety related.

Nonsafety piping and valves of the system are
designed to ANSI B31.1, Power Piping Code, and
the requirements of Quality Group D of
Regulatory Guide 1.26. Prescure vessels and
heat exchangers are designed 1o ASME Section
Vill, Dvision 1.

Svstem design pressure and temperature are
shows in Figure 6.7-1.
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6.7.3 System Evaluation

Vesscls, piping and fittings of the safety
portion of the system are designed Lo Scismic
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Category 1, ASME Code 111, Class 3, Quality Group
C and Quality Assurance B requircments, except
for the piping and valves for the containment and
drywell penetrations which are designed to
Seismic Category I, ASME Code 111, Class 2,
Quality Group B and Quality Assurance B
requirements.

The essential high pressure nitrogen gas
supply i1s scparated into two independent
divisions, with ecach division capable of
supplying 100% of the requirements of the
division beiag serviced. Each division is
mechanically and electrically separated from the
other. The system satisfies the components’
nitrogen demands during al!l plant operation
conditions (normal through faultied).

Safety grade portions of the high pressure
nitrogen gas supply system are capable of being
isolated from the nonsafety parts and retaining
theirr function during LOCA and/or seismic events
under which any nonsafety parts may be damaged.

Pipe routing of Division 1 and Division 2
nitrogen gas is kept separated by enough space so
that a single fire, equipment dropping accident,
strike from a single high energy whipping pipe,
jet force from a single broken pipe, internally
generated missile or wetting equipment with
spraying water cannot prevent the other division
from accomplishing its safety function.
Separation is accomplished by spatial separation
or by a reinforced concrete barrier, to ensure
separation of cach pneumatic air division from
any systems and compenents which belong to the
other pncumatic air divisicn

6.7.4 Inspection and Testing Requirements

Periodic inservice inspection of components,
in accordanc. with ASME Section X1, to ensure the
capability and integrity of the system is
mandatory. Nitrogen quality shall be tested
periodically to assure comphiance with ANS]
MCi1.1.

The nitrogen isolation valves are capable of
being tested to assure their operational
integrity by manual actuation of a switch located
in the control room and by observation of
associated position indication lights. Test and
venl connections are provided at the containment
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isolation valves in order to verify their
leaktightness. Operation of valves and
associated equipment used to switch from the
nonsafety 1o safety nitrogen supply can be
tested 1o assure operational integrity by manual
actuation of a switch located in the control
room and by observation of associated position
indication lights. Periodic tests of the check
valves and accumulators shall be conductcd to
assure valve operability

6.7.5 Instrumentation Requirements

A pressure sensor is provided for the safety
nitrogen supply, and an alaim signals low
nitrogen pressure.

A remotec manual switch and open-closed

position hights are provided in the control room
for valve operation and position indication,

6.7-2



ABWR
Standard Plant

(11)

(12)

(13)

Testability

The SLCS is capable of being tested by man-
ual initiation of actuated devices during
normal opcration. In the test mode, demin-
eralized water is circulated in the SLCS
loops rather than sodium pentaborate. Dur-
ing reactor shutdown, demineralized water
may be imjected into the reactor vessel for
the imjection test mode.

Environmental Considerations

The environmental considerations for the in-
strument and control portions of the SLCS
are the same as for the active mechanical
components of the system (Section 3.11).
The instrument and control portions of the
SLCS are seismically qualified not to fail
during, and to remain functional following,
2 safe shutdown carthguake (SSE) (see
Section 3.10 for scismic qualification
aspecis).

Operational Considerations

The control scheme for the SLCS can be found
in the interlock block diagram (Figure
7.4-1). The SLCS is automatically inttiated
upon receiving an ATWS signal or can be
manually imitiated in the contre! room by
inserting the key in the A or B keylocking
switch and turning it to the "pump run”
position. It will take between 50 and 150
minutes to complete the injection and for
the storage tank level semsors to indicate
that the storage tank is dry. When the
injection is completed, the system
automatically shutdown on low tank ievel or
may be manuaily turned off by turning the
keylocking switch counterclockwise to the
STOF position.

(14) Reactor Operator Information

(a) The following items are located in the
control room for operation information:

(1) Analog Indication

(i) Storage tank level and temper-
ature;

(i) Sysiem pressures;
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(2) Status Lights

()

(i)

(i)

(w)

)
(vi)

Pump or storage tank outlet
vaive overload trip or power
loss;

Position of injection line
manual service valve;
Position of storage tank

outlet valve and in-test
status,

Position of test tank

discharge manual service
valve;

SLCS manually out of service;

Pump auto trip.

(3) Annunciators

The SLCS annunciators indicate:

(i

(i)

{ini)

(v)

Manual or automatic out-
of-service condition of SLCS
A and/or B due 10

- operation of manual out-of-
service switch;
- storage tank outlet valve

in test status; or

- overload trip or power loss
in pumn or storage tank oul-
let valve controls;

Standby liguid storage tank
high or low temperature;

Standby hquid tank high or
low level;

Standby liquid pump A (B)
auto trip.

{b) The following items are located locally

at the equipment for operator utili-

zation:
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{1) Analog Indication

(i) Storage tank level;

(i) System pressures;

(i) Storage tank temperature.
{2) Indicating lamps

(1) Pump status;

(1) Storage tank operating heater
status;

(ui) Storage tank mixing heater
status

(15) Setpoints

The SLCS has setpoints for the various
instruments as follows:

{a) The high and low standby liguid
temperature switch is set to activate
the annunciator at temperaiures outside
the range allowed for correct chemical
balance of the boron concentration.

{b) The high and low standby liquid storage
tank level switch 15 set to activate the
annunciator when the level s outside
its allowable limits.

{¢) The thermastatic controller and operat-
ing heater assure the temperature of the
liguid is maintained within the range
allowed for correct chemical balance of
the boren concentration.

The technical specifications for the SLCS
are in Chapter 16,

7413 Reactor Shutdown Cooling Mode -
Instrumentation and Controls

(1)

Function

The shutdown cooling mode of the RHR system
15 used during the normal or emergency
reactor shutdown and cooldown. The RHR
system P&ID is Figure 5.4-10 and the RHR
system 1BD 1 Figure 7.3-4
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The initial phase of the shutdown cooling
mode is accomplished following insertion of
the control rods and steam blowdown to the
main condenser which serves as the heat
sink,

Reactor shutdown cooling has three inde-
pendent loops. Each loop consists of pr np,
valves, heat exchanger, and instrumentation
designed to provide decay heat removal cap-
ability for the core. This mode specifi-
cally accomplishes the following:

(a) Reactor Shutdown - removes enough resi-
dual heat (decay and sensible) from the
reactor vessel water to cool it to
125°F within 20 bours after the
control rods arc inserted, then main-
tains or reduces this temperature so
that the reactos can be refueled and
serviced. This mode is manually acti-
vated with the reactor pressure below
135 psig, with all three shutdown
cooling leops available.

{b) Safe Shutdown (Emergency Shutdown) -
brings the reactor to a cold shutdown
condition {< 212°F) within 36 hours
after control rod insertion. This mode
is manually activated with the reactor
pressure below 135 psig, with two-out-
of-three shutdown cooling loops avail-
able.

The RHRS mode can accomplish its design ob-
jective by a preferred means by directly
extracting reactor vessel water from the
vessel shutdown nozzle and routing it to 2
heat exchanger and back to the vessel
Cooling water is returned to the vessel via
the feedwater line (Loop A) and via the core
cooling injection nozzles (Loops B and C).

Classification

Electrical components for the reactor
shutdown cooling mode of the residual heat
removal system are safety-related and are
classified as Class 1E.

Power Sources

This system wutilizes normal plant power

Ta4
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9.1.5.5 Safety Evalustions

The cranes, hoists, and related lifting devices
used for handling heavy loads either satisfy the
single-failure guidelines of NUREG-0612,
Subsection 5.1.6, including NUREG-0554 or
evaluations are made to demonstrate comphance
with the recommended guidelines of Section 5.1,
including Subsection 5.1.4 and 5.1.5.

The equipment handling components over the
fuel pool are designed to meet the single failure
proof criteria to satisfy NUREG-0554. Redundant
safety interlocks and himit switches are provided to
prevent transporting heavy loads other than spent
fue! by the refucling bridge crane over any spent fuel
that is stored in the spent fuel storage pool.

A transportation routing study will be made of
all planned heavy load handling moves to evaluate
and minimize safety risks.

Safetv evaluation of related light loads and
refucling handling tasks in which heavy load
equipment is also used are covered in Subsection
9143

9.1.5.6 lnspection and Testing

Heavy load handling equipment is subject to
the strict controls of Quality Assurence (QA},
incorporating the requirements of Federal
Regulation 10CFRS0, Appendix B. Components
defined as essential 1o safety have an additional set
of engineering specified "Quality Requirements” that
identify safety-related features which require specific
QA verification of compliance to drawing/specifi-
cation requirements.

Prior to shipment, every lifting cquipment
component reguiring inspection will be reviewed by
QA for compliance and that the required records are
available. Qualification load and performance
testing, including nondestructive examination (NDE)
and dimensional inspection on heavy load handling
equipment will be performed prior 1o QA
acceptance. Tests may inclode load capacity, safety
overloads, life cycle, sequence of operations and
functional arcas.

When equipment is received at the site it will
be inspected to ensure no damage has occurred
during transit or storage, Prior to use and at
periodic intervals cach piece of equipment will be

Amendment 26

23A6100AH
Rev. B

tested again to ensure the electrical and/or
mechanical functions are operational including visval
and, if required, NDE mspection.

Crane inspections and testing will comply with
the regquirements of ANSI B30.2 and NUREG-0612,
Subsection 5.1.1(6).

9.1.57 Instrumentation Requirements

The majority of the heavy load handling
equipment is manually operated and controlied by the
operator's visual observations. This type of operation
does not necessitate the need for a dynamic
mstrumentation system.

Load celis may be installed 1o provide automatic
shutdown whenever threshold himits are exceeded for
critical load handling operations to prevent

overloading.
9.1.58 Operational Responsibilities

Critical heavy load handling in operation of the
plant shall include the following documented program
for safe administration and safe implementation of
operations and control of heavy load handling
systems:

{1) Heavy Load Handling System and Equipment
Operating Procedures

(2) Heavy Load Handling Equipment Maintenance
Procedures and /or Manuals

(3) Heavy Load Handling Equipment Inspection
and Test Plans; NDE, Visual, etc.

(4) Heavy Load Handling Safe Load Paths and
Routing Plans

(5) QA Program to Monitor and Assure
Implementation and Comphance of Heavy Load
Handling Operations and Controls

{6) Opesator Qualifications, Training and Control
Program

See Subsection 9.1.6.7 for COL license
mformation.
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9.1.6 COL License Information
9.1.6.1 New Fuel Storage Racks Criticality Analysis

The COL applicant referencing the ABWR
design shall provide the NRC confirmatory critically
analysis as required by Subsection 9.1.1.1.1.

9.1.62 Dynamic and Impact Anslyses of New Fuel
Storage Racks

The COL applicant shall provide the NRC
confirmatory dynamic and impact analyses of the
new fuel storage racks. See Subsection 9.1.1.1.6.

9.1.62 Spent Fuel Storage Racks Criticality
Analysis

The COL applicant shall provide the NRC
confirmatory criticality analysis as required by
Subsection 9.1.2.3.1.

9.1.6.4 Spent Fuel Racks Load Drop Analysis

The COL applicant shall provide the NRC
confirmatory load drop analyeis as required by
Subsection 9.1.4.3.

9.1.6.5 New Fuel Inspection Stand Seismic
Capability

The COL applicant will install the new fuel
inspection stand firmly to the wall so that it docs not
fall into or dump personnel into the spent fuel pool
during an SSE. (See Subsection 914232)

9.1.6.6 Overhead Load Handling System
lnformation

The COL applicant shall provide a list of all
crancs, hoists, and elevators and their Lifting
capacities including any limit and safety devices
required for automatic and manual operation. In
addition, for all such equipment, the COL applicant
shall provide: (1) heavy load handling system

' operating and cquipment maintenance procedures,
(2) heavy load handling system and equipment
maintenance procedures and /or manuals, (3) heavy
load handiing system and equipment inspection and
test pians; NDE, visual, etc., (4) heavy load handling
safe load paths and routing plans, (5) QA program to
monitor and assure implementation and compliance
of heavy load handling operations and controls, (6)

Amendment 26

2IAGI0AH
Rev B

operator qualifications, training and control program.
9.1.6.7 Spent Fuel Racks Structural Evaluation

The COL applicant will provide the NRC
confirmatory structural evaluation of the spent fuel
racks as outhined in Subsection 9.1.2.1.3.

9.1.68 Spent Fuel Racks Thermal-Hydraulic Analysis

The COL applicant will provide the NRC
confirmatory thermal-hydraulic analysis that evaluates
the rate of naturally circulated flow and the maximum
rack water exit temperature as required by Subsection
91214,

9.16.9 Spent Fue! Firewater Makeup Provedures
and Training

The COL applicant will develop detaiied
procedures and operator training for providing
firewater makeup to the spent fuel pool. (See
Subsection 9.1.3.3).

9.1.7 References
1. General Electric Standard Application for

Reactor Fuel, (NEDE-24011-P-A, latest
approved revision ).
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4
(5

(6)

(M

(8)

*)

The MUWC system is not safety related.

The condensate stotage tank shall bave a
capacity of 2,110 . This capacity was
determined by the capacity required by the uses
shown in Table 9.2-2.

Ali tanks, piping and other equipment shall be
made of corrosion-resistant materials.

The HPCF and RCIC instrumentation, which
initiates the automatic switchover of HPCF and
RCIC suction from the CST header to the
suppression pool, shall be designed 1o
safety-grade requircments (including installation
with necessary seismic support).

The instrumentation is mounted in a safety
grade standpipe located in the reactor building
secondary containment. With no condensate
flowing, the water level is the same in both the
CST and the standpipe. A suitable correction
will be made for the effect of flow upon water
level in the standpipe.

High water level shall be alarmed both in the
radwasie building control room and in the main
control room. (Sec Subsection 11.2.1.2.1)

9292 System Description

The MUWC P&ID is shown in Figure 9.2-4.

This system includes the following:

(1)

(2)

A condensate storage tank (CST) is provided.
The volume is shown in Table 92-3.

The following pumps take suction from the
CST:

(a) RCIC pumos
(b) CRD pumps
(¢) HPCF pumps

(d) SPCU pumps
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(¢) MUWC transfer pumps (see Table 9.2-3)
{three 550 gpm at 141 psi head)

(3) Water can be sent to the CST from the
following sources:

(a) MUWP pumps
{(b) CRD system
(¢) radwaste disposal system

{d) condensate demineralizer system cffluent
(main condenser high level relief)

(4) Associated recciving and distribution piping
valves, instruments, and controls shall be
provided.

(5) Owerflow and drain from the CST shall be
sent 1o the radwaste system for treatment.

(6) Any outdoor piping shall be protected from
freezing,

(7) All surfaces coming in contact with the
condensate shall be made of corrosion-
resistant materials.

(8) All of the pumps mentioned in (2) above
shall be located at an elevation such that
adequate suction head is present at all
water levels in the CST.

(9) Instrumentation shall be provided to indi-
cate CST water level in the main control
room. High water level shall be alarmed
both in the radwaste building control room
and in the main control room. Sece
Subsection 11.2.1.2.1.

(10) Potential flooding is discussed in
Subsection 3.4. Potential flooding from
lines within the reactor building and the
conirol building are evaluated in Subscction
34111

9293 Safety Evalustion

Operation of the MUWC system is not required
to assure any of the following conditions:

(1) integrity of the reactor coolant pressure
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boundary,

(2) capability to shut down the reactor and
maintain it in a safe shutdown condition; or

(3) ability to prevent or mitigate the conse-
gquences of events that could result in po-
tential offsite exposures.

The MUWC system is not safety-related.
However, the systems incorporaic features that
assure reliable operation over the full range of
normal plant operations.

9294 Tests and Inspections

The MUWC system is proved operable by its use
during normal plant operation. Portions of the
svstem normally closed to flow can be tested to
ensure operability and the integrity of the
system.

The air-operated isolation valves are capable
of being tested to assure their operating
integrity by manual actuation of a switch
lecated in the control room and by observation
of associated position indication hghts.

Flow to the various systems is balanced by
means of manual valves at the individual takeoff
points. Divisional isolation valves are instal-
led at the primary containment boundaries.

9.2.10 Makeup Water System (Purified)
Distribution System

9.2.10.1 Design Bases

(1) The makeup water-purified (MUWP)
distribution system shall provide makeup
water purified for makeup to the reactor
coolant system and plant auxiliary systems.

(2) The MUWP system shall provide purified water
to the uses shown in Table 9.2-2.

{3) The MUWP system shall provide water of the
quality shown in Tabie 9.2-2a. If these
water quality requirements are not met, the
water shall not be used in any safety-
related system. The out-of-spec water shall
be reprocessed or discharged.

(4) The MUWP system is not safety-related.
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(5)

{6)

)

(8)

All tanks, pumps, piping, and other equip-
ment shall be made of corrosion-resistant
materials.

The system shall be designed to prevent any
radioactive contamination of the purified
waler,

The interfaces between the MUWP system and
all safety-related systems are located in
the control building or reator building
which are Scismic Category 1, torpado-
missile resistant and flood protected
structures. The interfaces with safety-
related systems are safety-related valves
which arec part of the safety-related
systems. The portions of the MUWP system,
which upon their failure during a seismic
event can adversly impact structures,
systems, or components important to safety,
shall be designed to assure their integrity
under scismic loading resulting from a safe
shutdown earthquake.

Safey-related equipment localed by portions
of the MUWP system are in Seismic Category |
structures and protected from all system
impact.

92102 System Description

¥ | The MUWP system P&ID is shown in Figure 9.2-5.
= | This system includes the following:
(1) Any purified water storage tank shall be

-

(3)

(4)

(5)

provided outdoors with adequate freeze
protection and adequate diking and other
means 1o control spill and leakage.

Two MUWP forwarding pumps shall take suction
from any purified water storage tanks. They
shall have a capacity of 308 gpm and a
discharge head of 114 psi.

Distribution piping, valves, instruments aad
controls shall be provided.

Any outdoor piping shall be protected from
freezing.

All surfaces coming in contact with the
purified water shall be made of corro-
sion-resistant materials,
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All pumps shall be located at an elevation
such that adequate suction head is present
at all levels in a purificd water storage
tanks.

Insiruments shall be provided to indicate
purified water storage tank level in the
main conirol room.

Continuous analyzers are located 2t the
demineralized water makeu) system and at any
demincralized water storage tank. These are
suppiemented as needed by grab samples.
Allowance is made in the water guality
specifications for some pickup of carbon
dioxide and air in any demineralized water
storage tank. The pickup of corrision
products should be minimal because the MUWP
piping is stainless sieel.

Intrusions of radioactivity into the MUWP
system from other potentially radioactive
systems are prevented by one or more of the
following:

{a) check valves in the MUWF lines
(b) air (or syphon) breaks in the MUWP lines

{c) the MUWP system lines are pressurized
while the receiving system is at
essentially atmospheric pressure.

{(d) piping to the user is dead ended.

There arc no automatic valves in the
MUWP system. During a LOCA, the
safety-related systems are isolated from
the MUWP system by automatic valves in
the safety-related system.

92103 Safety Evaluation

Operation of the MUWP system is not required
1o assure any of the following conditions:

(1)

(2)

integrity of the reactor coolant pressure
boundary;

capability to shui down the reactor and
maintain it in a safe shutdown condition; or
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the RCW system shall be designed to Seismic
Category 1 and the ASME Code, Section 111,
Class 3, Quality Assurance B, Quality Group
C, IEEE-279 and IEEE-30R requircments.

(4) The RCW system shall be designed to limit
lcakage to the environment of radioactive
contamination that may enter the RCW from
the RHR System.

(5) Safety-related portions of the RCW system
shall be protected from flooding, spraying,
sicam impingement, pipe whip, jet forces,
missiles, fire, and the effect of failure of
any non-Scismic Category | cquipment, as
required

{6) The safety-related portion of the RCW system
shall be designed to meet the foregoing de-
sign bascs during a loss of preferred power
(LOPP).

{7) The safety-related electric modules and
safety-related cables for the RCW system are
in the control building which are Seismic
Category 1, tornado-missile resistant and
flood protecied structures.

(8) Protection ‘rom being impacted adversely by
missiles generated by any nonsafety-related
components shall be provided as discussed in
Subsection 3.5.1.

{9) FProtection against high-energy and
moderate-energy line failures will be
provided in accordance with Section 3.6,

921112 Power Geperation Design Bases

The RCW svstem shall be designed to cool
various plant auxiliaries as required during:
{a) normal operation: (b) emergency shuidown;
(C) normal shutdown; and (d) testing.

92112 System Description

The RCW system distributes cooling water dur-
ing various operating modes, during shutdown, and
during post-LOCA operation. The system removes
beat from plant auxiliaries and transfers it to
the reactor service water system (Subsection
9.2.15). Figures 9.2-1a through 9.2-1i show the
piping and instrumentation diagram. Design

Amendmoent 26

characteristics for RCW system components are
given in Table 92-4d.

The RCW system serves the amaliary equipment
listed in Table 9.2-4a, b, and ¢ |

The reactor decay heat at four hours after
shutdown is approximately 126 million BTU/H.
Each division of RCW has the design heat removal
capability of 102 million BTU/H from the RHR
system. If three divisions of RHR /RCW /RSW are
used for heat removal, cach division must remove
onc third of the decay heat or 42 million
BTU/H. This means that cach division will
remove 102 minus 42 or 60 million BTU/H of
sensible beat, primarily by cooling the rcactor
water. If only two divisions of RHR /RCW /RSW arc
used for heat removal, cach division must remove
one hall of the decay beat or 63 million BTU /H.
This means the sensible heat removal will be 102
minus 63 or 39 miilion BTU/H of sensible heat
primarily from the reactor water. Of course,
the decay heat will decrease with time.

The above analysis shows that there is
sufficient heat removal capability to remove not
only the decay heat but also sensible heat
primarily from the reactor water. If a division
of RHR/RCW /RSW is not available or if heat
removal capability has been lost due 1o tube
plugging in any of the heat exchangers, only the
rate of heat removal will decrease, but, heat
will still be removed.

Shutdown cooling times are discussed in
Subsection 5.4.7.1.1.7.

The RCW system is designed to perform its
required safe reactor shutdown cooling function
following a postulated LOCA, assuming a single
active failure in any mechanical or electrical
system. In order 1o meet this requirement, the
RCW system provides three complete trains, which
are mechanically and clectrically separated. In
case of a failure which disables any of the
three divisions, the other two division meet
plant safe shutdown requirements, including a
LOCA or 2 loss of offsite power, or both. Each
RCW division is supplied electrical power from a
different division of the ESF power system.

During normal operation, RCW cooling waler
flows through all the cquipment shown e Table
92-4a b, and c.
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During all plant operating modes, an RCW water
pump and two heat exchangers are normally
operating in cach division. Therefore, if a LOCA
occurs, the RCW systems reguired to shut down the
plant safely are already in operation. The
second pump and the third heat exchanger in cach
division are put in service if 8 LOCA occurs.

The nonsafety-related parts of the RCW system
are nol required for safe shutdown and, hence,
are not safety systems. Isolation valves sepa-
rate the essential subsystems from the nonsafe-
ty-related subsystems during 8 LOCA, in order to
assure the integrity and safety functions of the
safety related parts of the system. Somc non-
safety-related parts of the system are operated
during all other modes, including the emergency
shutdown following an LOPP, or LOCA as shown in
Tabie 92-4a, b, and c.

Surge tank water Jevel is monitored. A level
switch detects leakage and isolates the non-es-
sential subsystem, thus assuring continued oper-
ability of the safety-related services. Instro-
ments, controls, and isolation valves are locat-
ed in the safety-related part of the RCW system
and designed to safety-grade requirements as
stated in design basis (3) of Subsection 9.2.11.
1.1.

A dedicated sump and sump pump are provided
for cach RCW division. Any system leakage or
drainage may be collected, sampled and analyzed,
and cither returned to the RCW system or sent to
the liguid radwaste system for treatment or to
the HSD sample tank for discharge depending upon
the radioactivity and impuritics in the water.

92113 Safety Evaluation
921131 Failure Analysis

A system failure analysis of passive and
active components of the RCW sysiem s presented
in Table 9.2-5. Any of the assumed failures of
the RCW system are detecied in the control room
by variations of and/or alarms from the various
system instruments and also from the ieak detec-
tion system sensing leakage i the ECCS pump and
heat exchanger arcas.

23A6100AH
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TABLE92-3
. CAPACITY REQUIREMENTS FOR CONDENSATE STORAGE TANK
Function Capacity Required
dead space-top of pool 7,900
{Nate 1)
normal operation vanation 264 000g

and receiving volume for
plant startup return water

mimmum storage volume 66.000g
dead space-maddle of pool 34,320

{Note 1)
water source for 150.480g
station blackou (Note 2)
dead space-bottom of pool 34.320g

(Note 1)

. Total 557,020g

NOTE

(1) These values are based on a botiom area of 1,400

ft
{2) Water for operation of RCIC is taken from the

condensete storage tank and the suppression pool @s
described in the EPGs of Appendix 184
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Opersting Mode
Componenis

ESSENT1AL

Emergency Die-
sl Gentraor A

RHHK Hea
Exchanger A

FPC Heat
Exchanger A

Onhers (essen-

ual) (Nowe 2)

NON-ESSENTIAL

RWCLU Heast
Exchanger

Inssde Drvwell
(Note )

Others (non-
essentin )
(Note 4)
Total Lowed
NOTES:

{

~

Normal

Operating

Conditons
Hest  Flow
Meote 1)
66 1.230
% | 40
191 Y
537 1430
25 44
370 4420

23AGI0ARH
BRI
TABLE 9.2-4a
REACTOR BUILDING COOLING WATER
DIVISION A
Emergency
(LOCA) (Sup
Shutdown st & Shutdown st 20 Hot Standby Hot Standby ptus(a’on Pool
hours hours {no joss of AC) (loss of AT) a9 C
Hear Flow Heat Flow Heat Fiow Heat Flow Hear Flow
e — e - . — 125 3 030 125 1,010
1024 5,280 2s $.280 — — RS 5RO 87 5,280
66 1.23%0 66 1,230 66 1.2%0 66 1.2% 9.1 1.2%
34 &4l s Hal 32 Hal v a0 &0 640
- K —— NK 1921 "o 197 00 — —
57 1430 89 1410 h 1430 32 1410 — -
25 a4 235 A4l 25 430 {3 ) 260 07 260
1206 .70 512 9,700 371 4420 07 10530 1110 1420

) Heat x I(l‘s Btu/h; flow x g/m, sums may not be equal due to rounding.

(2) HECW refrigerator, room coolers (FPC pump, RHR, RCIC, SGTS, CAMS), RHR mator and cal coolers

(3} Drywell (A & C) and RIP cooiers.

(4) Instruments and service air coolers; RWCU pump cooler, CRD pump oil, and RIP Mg sets.
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9374
9375
838
9381
¢38.11
93812
9382
93821

93822

939
9391
93912
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9393
9394
9395
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Barriers have been considered to assure SLCS
protection from pipe break (Section 3.6).

It should be noted that the SLCS is not
required to provide a safety function during any
postulated pipe break events. This system is
only reguired under an extremely low probability
event, where all of the control rods are assumed
to be inoperable while the reactor is at normal
full power operation. Therefore, the protection
provided is considered over and above that
required to meet the intent of ASB 3-1 and MEB
3-1.

This system is vsed in special plant
capability demonstration events cited in Appendix
A of Chapter 15; spec fically, Events 54 and 56,
which are extremely low probability nondesign
basis postulated incidents. The analyses given
there are to demonstrate additional plant safety
considerations far beyond reasonable and
conservative assumptions.

93.5.4 Testing and Inspection Requirements

Operational testing of the SLCS is performed
in at least two parts to avoid inadvertently
injecting boron into the reactor.

With the valves to the reactor and from the
storage tank closed, and the valves to and from
the test tank opencd, condensate waler in the
test tank can be recirculated by locally starting
either pump.

During a refueling or maintenance outage, the
injection portion of the system can be
functionally tested by valving the suction line
to the test tank and actvating the system from
the control room. System operation is indicated
mn the control room.

After functional tests, all the valves must be
returned to their normal positions as indicated
in Figure 9.3-1.

After closing a local locked-open valve to the
reactor, leakage through the injection valves can
be detected by opening valves at a test
connection in the line between the drywell
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check vaives. Position indicator lights in the
control room indicate that the local valve is
closed for test or open and ready for
operation. Leakage from the reactor through the
first check valve can be detected by opening the
same test connection in the line beiween the
check valves when the reactor is pressurized,

The test tank contains condensate water for
approximately 3 minutes of pump operation.
Condensate water from the makeup system or the
condensate storage system is available for
refilling or flushing the system.

Should the boron solution ever be imjected
into the reactor, either intentionally or in-
advertently, then after making certain that the
pormal reactivity controls will keep the reacte
subcritical, the boron is removed from the reac
tor coolant system by flushing for gross dilu-
tion followed by operating the reactor cleanup
system. There is practically no effect on reac-
tor operations when the boron concentration has
been reduced below approximately 50 ppm.

The concentration of the sodium pentaborate
in the solution tank is determined periodically
by chemical analysis.

Electrical supplies and relief valves are
also subjected to periodic testing.

The SLCS preoperational test is described in
Subsection 14.2.12.

Sce Subsection 9.3.12.2 for COL license
information pertaining to SLCS storage tank
discharge valve reliability.

9355 Instrumentation Reguirements

The instrumentation and comtrol system for
the SLCS is designed to allow the injection of
liquid poison into the reactor and the
maintenance of the liguid poison solution well
above the saturation temperature. A further
discussion of the SLCS instrumentation may be
found in Section 7.4,
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93,103 Safety Evaluation

The oxygen injection system s nol required to
assure any of the following conditions.
(1) integrity of the reactor coolant pressure

capability to shut down the reactor and
maintain it in a safe shutdown condition, or

ability to prevent or mitigate the consequences
of events which could result in potential offsite

EXPOSUres.

Consequently, the injection system itself is not
safety-related. The high pressure oxygen storage
bottles are located in an area in which large amounts
of burnable materials are not present. Usual safe
practices for handling high pressure gases are
followed.,

92.10.4 Tests and Inspections

The oxygen injection sysiem is proved operable
by its use during norma! operation. The system
valves may be tested to ensure operability from the
main control room.

92.10.5 Instrumentation Application

The oxygen storage bottles have pressure gages
which will indicate to the operators when a new
bottle is required. A flow clement will indicate the
oxygen gas flow rate at ali times. The gas flow
regulating valves will have position indication in the
main control room.

The oxvgen monitors arc discussed in
Subsection 9.3.2.

93.11 Zioc Injection System
93.11.1 Design Bases

P.ovisions are made to permit installation of a
system for adding a zinc solution to the feedwater.
Piping connections (Figure 10.4-7) for a bypass loop
around the feedwater pumps and space (Figure
1.2-25) for the zinc addition equipment are provided.

If experience shows it to be necessary, & zinc

IAGID0AH
Rev B

injection system may be added later in plant hfe. The
amount of zinc in the reactor water wili be less than
10 ppb during norral opereation.

93112 Safety Evaluation
The injection system is not necessary 10 ensure:
(1)

the integrity of the reactor coolant pressure
boundary,

the capability to shut down the reactor; or

the capability to prevent or mitigate the
consequences of events which could result in

potential offsite exposures.

93.113 Test and Inspections

The zinc injection system is proved operable
after installation. Zinc injection would not be
performed when the plant is in cold shutdown
During these periods, the system could have
maintenance or testing performed.

92114 Instrumentation

Instrumentation would be provided so that the
injection of zinc selution would be stopped
automatically if feedwater flow stops. The zinc
injection rate would be manually adjusted based on
zinc concentration data in the reactor water,
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9.3.12 COL License Information

9.3.12.1 Radioactive Drain Transfer System
Caollection Piping

The COL applicant will provide equipment and floor
drain piping P&IDs as a part of the radicactive drain
transfer system. This piping will be provided with
the following features:

(1) These piping systems shall be non-nuclear safety
class and quality Group D with the exception of
any contzinment penetrations or piping within
the drywell which shall be Seismic Category | and
quality Group B.

(2) The floor drain piping system shall be arranged
with a separate piping system for cach quadrant.
The piping shall be arranged so that flooding or
backflow in one quadrant cannot adversely affect
the other quadrants.

(3) There shall be no interconnection between any
portion of the radioactive drain transfer system
and any non-radioactive waste system.

(4) Effluent from non-radioactive systems shall be
monitor=d prior to discharge to assure that there

are no unacceptable discharges.

See Subsection 9.3.8.2 for information concerning
the remainder of the radioactive drain transfer

system.
9.3.122 Storage Tank Discharge Valve Reliability

The COL applicant wili confirm that the SLCS
storage tank discharge valves will have adequate
reliability requirements and that the valves be
incorporated into the Operational Reliability
Assurance Program. {See Subsection 9.3.5.4)

Amendmeas 26
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Table 9.4.3
HVAC FLOW RATES
(Response to Question 430.243)
Essential HVAC System Flow Rates
{cmh)
RB Elecirical HVAC Division A 30,00
RB Electrical HVAC Dmvist B 30.000
RB Electrical HVAC Division C 30,000
DG HVAC Division A 160,000
DG HVAC Division B 160,000
DG HVAC Division C 160,000
CB Electnical HVAC Dmvision A 35,000
CB Electrical HVAC Division B 35,000
(B Electrical HVAC Dmasion C 35,000
MCR HVAC Dmsion B R0,000
MCR HVAC Dmvision C RO.000
Non-Essential HVAC Systems Flow Rate
(cmh)
RB Secondary Contmnment HVAC 170,000
TB Ventilation System 341,500
RIP Panel Room HVAC Division A 57,500
RIP Pancl Room HVAC Division B §7,500
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Table 9.4-4
HVAC SYSTEM COMPONENT DESCRIPTIONS
(Response 1o Question 43).243)
ESSENTIAL EQUIPMENT LIST
Heating/Cooling Coils Quantity Cooling Heating
(Btu/hr) {Btu/k

RB Electrical HVAC Dmision A 1 640.0 00 Neo Coil Reguired
RB Electricai HVAC Daasion B 1 640,000 No Coil Required
RB Electrical HVAC Dmsion C 1 640 000 No Coil Required
CRB Electrical HVAC Division A 1 840,000 No Coil Reguired
CB Electrical HVAC Division B 1 R40.000 No Coil Required
CB Electnicai HVAC Division C 1 840,000 No Coil Reguired
MCR HVAC Division B 1 628,000 76,300
MCR HVAC Dmision C 1 628,000 76,34

Fans Quantity Capacity Rated

(cmh) Power
(kw)

RB Electrical Div A Rearculation Fans 2 (1 on standby) 30,000 75

RB Electrical Div B Recirculation Fans 2 (1 on standby) 30,000 75

RB E'sctrical Div C Kecirculation Fans 2 {1 on standby) 30000 75

RB Electrical Div A Exhaust Fans 2 (! on standby) 6,000 4

RB Electrical Div B Exhaust Fans 2 {1 on standby) 6,000 4

RB Electrical Div C Exhaust Fans 2 (1 on standbv) 6,000 4

DG Dwv A Exhaust Fans 2 RO,000 2

DG Div B Exhazust Fans 2 80,000 2

DG Div C Exhaust Fans 2 80,000 2

CB Electrical Div A Recirculation Fans 2 (1 on standby) 35,000 75

CB tlectrical Div B Recirculation Fans 2 (1 on standby) 35.000 75

('8 Eloctrical Dw C Recirculation Fans 2 (1 on standby) 35,000 7%

CB Electrical Div A Exhaust Fans 2 (1 on standby) 4,000 B

CB Electrical Div B Exhaust Fans 2 {1 on standby) 4000 4

CB Elcctrical Div C Exhaust Fans 2 (1 on standby) 4,000 4

MCR Div A Recircuiating Fans 2 (1 on standby) 80,000 2

MCR Div C Rezirculating Fans 2 {1 on standby) 80,000 22

MCR Div A Exhaust Fans 2 (1 on standby) 5,000 3

MCR Div € Exhaust Fans 2 (1 on standby) 5,000 3

Amendment 23
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The cable for the maintenance communication fa-
cility is unshiclded with & flame and heat resis-
tance PVC sheath and cross-linked polyethylene in-
sulation. The cables are routed in existing con-
trol voltage level cable trays where available.
The wiring used for this system is color coded
and the color of the sheath is black.

95223 System Operation

The telephonic communication systems are de-
signed to assist the plant personne! during
preoperational, start-up, testing, maintenance
and limited emergency conditions. The system pro-
vides casily accessible means of communications
between various intraplant locations and simulia-
necous broadcasting in those locations.

The various cquipment involved in system op-
eration is designed to function in the environ-
ment where is loc-*ed. The power supply for the
system is derived from the dedicated batteries,
thus providing a reliable source of power and the
communrication system for up to 10 hours in the
event of a loss of plant power supply.

9524 Safety Evaluation

The communication system has no safety-related
function as discussed in Section 3.2. However,
sece Subsection 9.5.13.2 for COL hicense
information pertaining to use of the system in
emergencies.

9525 Inspection and testing Reguirements

The communication systems arc conventional and
have a history of successful operation. Routine
use of parts of the system during normal op-
eration ensures availability. Measurements or
tests required to guard against long-term dete-
rioratior shall be performed on a periodic
basis. Sec Subsection 9.5.13.3 for COL license
information pertaining to communication eguipment
maintenance and testing procedures.

9£2.6 Portable and Fixed Emergency
Communication Systems

The portable radio communication system, and
the fixed emergency communication system
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{independent of the normal plant communication
system) are out of ABWR standard plant design |
scope. The COL applcants design shall comply
with the BTP CMEB 9.5-1, position C.5.g(3) and
(4). The COL applicint will supplement this
subsection accordingly as applicable. Sce
Subsection 9.5.13.14 for COL license
information.
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9.5.4 Diesel-Generator Fuel Oil
Storage and Transfer System

9541 Design Bases

9.5.4.1.1 Safety Design Bases
(1) Each enginc is supplied by a scparate
dicscl-generator fuel oil storage and trans-
fer system. All fuel oil transfer equipment
is designed, fabricated and qualified to
Seismic Category I requirements. Failure of
any one component could result in loss of
fuel supply to only one dicsel-generator.

Minimum onsil¢ storage capacity of the sys-
tem is sufficient for operating each diesel-
generator for a mimimum of seven days while
supplying post-LOCA maxmum load demands.

(3) Design and construction of the diesel-
generator fuel oil storage and transfer
syst«m up to the first connection on the
engine skid conforms to the 1EEE Criteria
for Class 1E Power Systems for Nuclear Power
Generating Stations (IEEE-308); and ASME
Code, Section 1il, Class 3, Quality Group
C. Miscellancous equipment conforms to ap-
plicable standards of NEMA, DEMA, ASTM,
1IEEE, ANSI, APl NFPA. ANSI Standard N195
“Fuel Qi Systems for Standby Diesel Gen-
erators” is applied.

(4) The diesel-generator fuel oil storage and
transfer 1s of Seismic Category | design,
In addition, the system is protected from
damage by flying debris carried by tornados
and hurricanes, from external floods, and
other environmental factors. The fill
connection is located at grade clevation.
The vent and sample connection are located a
fittle above the grade clevation, and are
capped and locked to prevent entry lo
moisture. Each vent is of fireproof goose
necked line with fine mesh screen to prevent
access

Damage to these lines would have no adverse
safety consequences since they are not part
of the fuel path from the storage tank to
the diesel. In addition cach diesel has
its own day tank, which is located inside
the reactor building. This provides another
level of protected fuel supply for cach
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diesel generator. Also, there are three
independent diesel generator systems, any
one of which can safely shut down the
plant. Missile damage of such lines for
more than one division is highly unlikely
because each division is located in
separated arcas of the plant.

(5) Svsitem components sclected 1o be corresion
resistant.

{6) System design also considers positive pro-
tection from damage caused by turbine
missiles.

9£.4.12 Power Generation Design Bases

The diescl-generator systems are standby
power supply systems. The diesel fuel oil
storage and transfer svstems are capable of
supporting the instant start requirements of the
diesel-generators.

9.5.42 System Description

Although specific suppliers may differ in the
final design, a typical P&ID is provided as
Figure 9.5-6 (See 9.5.13.5).

There arc three diesel-generators, DG-A, DG-B
and DG-C, cach one housed in its separate arca
within the reactor building. The units are iden-
tical and are beld in reserve to furnish standby
AC power in case of an emergency.

The diesel-generators DG-A ane DG-C are lo-
cated north side of the reactor building, but
arc separated from cach other. The diesel-
generator DG-B is located in the south side of
the reactor building.

The diesel-generator fuel oil system for cach
engine consists of a fuel oil day tank, fuel oil
transfer pump, suction strainer, duplex filter,
instrumentation and controls, and the necessary
interconnecting pipe and fittings. A bleed line
returns excess fuel oil from the day tank for
recirculation to the vard storage tank. Day
tank clevation is such that the fuel oil pump
operates with flooded suction. The bottom of
the dav tank shall never be lower than the pump
suction centerline.

Each diescl-generator set has its own day
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tank, which holds a capacity of fuel oil suffi-
ciemt 1o operate ils corresponding
diesel-generator st for a minimum of cight hours
at full load. Fuel oil is supplicd by transfer
pumps to cach day tank from the vard storage sys-
tem.

A set of transfer pumps may be operated with
manual control switches; however, they are not-
mally operated awtomatically by level switches on
the day tanks. A “low" level switch starts the
first transfer pump, a "low-low" level switch
starts the standby transfer pump and a “high®
level switch stops both pumps.
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An enginc-driven fuel oil pump supplies fuel
from the day tank to the diesel engine fuel
manifold. Fuel oil transfer system piping is
ASME, Section 11, Class 3, Seismic Category L.
Connections for an optional motor driven fuel oil
booster pump are also provided.

9543 Safety Evaluation

The overall diesel-generator fuel oil storage
and transfer system is designed so that failure
of any onc component may result in the loss of
fuel supply to only one dicsel-gencrator. The
loss of one diesel-generator does not preclude ad-
equate core cooling under accident conditions.

Day tank fuel oil feed 10 the fuel pump is by
gravity. There are no powered components to
fail. A suction strainer prevents foreign matter
from entering the pump and causing malfunction.
The system is safety related and all piping and
components up to the engine skid connection arc
designed and constructed in accordance with the
ASME Code Section 111, Class 3, and Seismic Cat-
egory | requirements.

The diesel-generator fuel oil storage and
transfer system is designed to withstand the ad-
verse loadings imposed by carthquakes, tornadoes
and winds. Earthguake protection is provided by
the Scismic Category | construction. Tornado and
wind protection is provided by locating system
components either underground or within the reac-
tor building. Al underground piping is covered
with protective coating and wrapping to guard
against corrosion. The system will be provided
with a protection against external and internal
corrosion. The buried portion of the tanks and
piping will be provided with waterproof
protective coating and an impressed current-type
cathodic protection, to control the external
corrosion of underground piping system. The
impressed current-type cathodic protection system
will be designed to prevent the ignition of
combustible vapors or fuel oil present in the
fuel oil system, in accordance with Regulatory
Guide 1,137, Paragraph C.12.

All storage and lay tanks are located at a
sufficient distance away from the plant control
room to preclude any danger to control room
personnel or equipment resulting from an oil tank
explosion and/or fire. The fuel oil day tank is

Amendment 26

23A6100AH
——REV. B

located in a separate room with 3-hr fire rated
concrete walls. The guality of the fuel oil
used for diesel engine will be ensured per
Appendix B, of ANSI N195. The fuel oil stored
will meet the requirements of the ASTM D975
"standard specifi- cation for diesel fuel oils”
and the require- ments of the diesel engine
manufacturer. Fuel oil not meeting these
reguirements will be replaced within a one-week
peniod.

9.£.4.4 Tests and Inspections

The diesel generator fuel o1l storage and
transfer system is designed to permit periodic
testing and inspection.

Diesel generator fuel oil storage and
transfer system operability is demonstrated
during the regularly scheduled operational tests
of the diesel generators. Test frequency is
given in Chapter 16. Periodic testing of
instruments, controls, sensors aad alarms is
necessary to assure reliable operation.

ASTM standard fuel sample tests are conducted
at regular intervals Lo ensure compliance with
fuel composition limits recommended by the
dicsel engine manufacturer. The "Standard
Specification for Diesel Fuel Oils ANSI/ASTM
D975 is the governing specification,

Fuel oil may be stored by a minimum of six
months without deterioration.

Each fuel oil storage tank will be emptied
and accemulated sediments be removed every 10
years to perform the ASME Section X1, Article
IWD-2000 examination requirements.

Periodic surveillance of cathodic protection
for underground piping system will be provided,
not to exceed a2 12 month interval, to make sure
that adequate protection exists.

New fuel oil will be tested for specific
gravity, cloud point and viscosity and visually
inspected for appearance prior to addition to
ensure that the limits of ASTM D975 are not
exceeded. Analysis of other properties of the
fuel oil will be completed within two weeks of
the fuel transfer.
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95.4.5 Instrumentation Application

Fuel supply level in the storage and day
tanks is indicated both locally and in «ac main
control room. Also, alarms on the local diesel-
gencrator panel annunciate low level and high
level in the day tanks. The setting of the low
level alarm shall provide fuel at least 60 min-
utes of DG operation at 100 percent load with 10
percent margin between the alarm and the suction
line inlet. A group repeatl trouble alarm is
also provided in the main control room. Level
switches in the day tank signal automatic start
and siop of the fuel oil transfer pump.
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9.5.8 Diesel-Generator Combustion Air
Intake and Exhaust System

9581 Design Bases

All components of the diesel-generator combus-
tion air intake and exhaust system shall be de-
signed and qualified to Seismic Category 1 re-
quirements. All piping shall be designed 1 ac-
cordance with ASME Code, Section 11, Class 3,
Quality Group C. Failure of the intake and ex-
haust system in any one diesel generator shall
not compromise the readiness or operability of
any other dicsel generator. Except for the
exhaust silencers, the system shall be boused in
a Seismic Category 1 and tornado missile-
protective structure. The system shall also be
protected from flooding and the effects of pipe
breaks.

The exhaust silencers for the diesel gener-
ators shall be seismically mounted and bolted
down in the horizontal position such that the
likelihood of their sustaining significant
damage, or becoming missiles during a tornado or
hurricane event is extremely remote. However,
the probability of the silencers themselves being
damaged due to externally generated missiles is
acceptable. This is because the silencer can be
lost without affecting the operation of the
diesel unless debris from the damaged silencer
clogs the exhaust pipe. In this highly unlikely
scenario, the diesel would be assumed lost and
the plant shutdown could still be accomplished
with cither of the remaining two diesels.

The design basis for the diesel generator com-
bustion air intake and exhaust system, regarding
protection from the effects of contaminating sub-
stances related to the facility site, systems,
and cquipment is a follows:

(1) There are no contaminating substances avail-
able within the ABWR buildings to the combus-
tion air intake in gquantities which could de-
grade the diesel engine performance.

(2) Restriction contaminating substances from
the plant site, which may be available to
the combustion air intake is COL license
information (See Subsection 9.5.13.1).
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{3) The diesel engine cxhaust system is capable
of exhausting the products of combustion 1o
the atmosphere.

9582 System Description
95821 (Deleted)

Although specific suppliers may differ in the
final design, a typical P&ID is provided as
Figure 9.5-6. Sce Subsection 9.5.13.5 for COL
license information.

Each engine DG-A, DG-B and DG-C takes combus-
tion air from its own inlet air cubical above
the diesel generator room. The air is filtered
as it enters the cubical through the outside
wall above. See Section 9.4.5.5 for a descrip-
tion of the diescl-generator HVAC system.

Engine exhaust gases are ducted out of the
building. The exhaust is ducted ep through the
reactor bailding to the roof where the silencers
are mounted. Each enginc has its own exhaust
system.

In order to protect the crank case from
accumulation of fumes and possible consequent
fire and explosion, the crank case is kept at
negative pressure by vacuum blowers. The gases
are exhausted to an outside vent via a six-inch
pipe which passes through the reactor building
wall (see Figure 9.5-6). Pressure semsors will
detect unacceptable high pressure conditions in
the crank case, and will annunciate this
condition to the operater. This signal will
also shut down the dicsel unless a LOCA signal
is present (sec Table 8.3-11).

9583 Safety Evaluation

Both the intake and exhaust sysiem components
of all three engines are completely separate and
independent. Failure in any one system has no
effect on the readiness and/or operability of ei-
ther of the others.

For all systems, the air intake is through
the wall of the reactor building at approxi-
mately 11.5m above grade, while the exhaust
gases are released to the atmosphere on the
Reactor Building roof at approximately 26m above
grade. Therefore, the possibility of products
of combustion diluting the oxygen content of the
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intake air is essentially nil. Also, other
gases will not be stored close enough to the
diesel air intake that their release to the
atmospbere would dilute the intake air and afiect
the performance of the diesel generators.

See the Reactor Building arrangement drawings
in Section 1.2 for intake and exhaust locations,
Subsection 3.8.4 for design of the Reactor build-
ing, Section 3.4 for flood protection and Section
3.6 for pipe failure protection.

The combustion air intakes are protected by
grills through which the air passes vertically up-
ward. This minimizes plugging of the filters by
gross debris picked up by events such as a tor-
nado or a hurricane. Particelate matter small
enough to pass through the grill can cause plug-
ging of the nlet filters. To monitor this condi-
tion, a differential pressure gauge is installed
across cach filter.

The effect of a locai decrease in barometric
pressure {c.g., due to a tornado or hurricane)
sre largely negated by the engine turbochargers.

All intake and exhaust ducting, as well as the
ducting hangers, are designed and qualified to
Seismic Category | requirements. Further the
ducting conforms to ASME Section 111, Class 3,
Quality Group C requirements,

9.58.4 Inspection and Testing Requirements

Visual inspection of the diescl-generator
combustion air intake and exhaust svstem may be
carried out concurrently with reguiarly scheduled
dicsel-gencrator testing and inspection. Integ-
rity of the ducting and joints, filter condition,
intake and exhaust silencer condition inspection
are included in the diescl-generator inspection
procedure.
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10.4.5 Circulating Water System

The circulating water system (CWS) provides
cooling water for removal of the power cycle waste
heat from the main condensers and transfers this
beat to the ultumate heat sink.

10451 Design Bases

104511 Safety Design Bases

The CWS does not serve or support any safety
function and has no safety design basis.

104512 Power Generation Design Bases

Power Generation Design Basis One - The CWS

supplies cooling water at a sufficient flow rate to
condense the stcam in the condenser, as required for
optimum heat cycle efficiency.

Power Generation Design Basis Two - The CV/S s
automatically isolated in the event of gross leakage
into the condenser pit to prevent flooding of the
turbine building.

10452 Description
104521 General Description

The circulating water system is illustrated in
Figure 10.4-3. The circulating water system consists
of the following components: screen house and
intake screens; pumps, condenser water boxes and
piping and valves; tube side of the main condenser,;
water box fill and drain subsystem; and related
support facilities such as for system waler treatment
and general maintenance.

The ultimate heat sink is designed to maintain
the temperature of the waler entering the circulation
waler system within the range of 32°F 10 100°F. The
circulating water system is designed 10 deliver water
to cl'l'nc main %ondemct within a temperature range of
40°F to 100"F. The 40°F minimum temperature is
maintained, when needed, by warm water recircula-
Lion.

The cooling water s circulated by three fixed
speed motor driven pumps.

The pumps are arranged in parallel and dis-
charge into a common header. The discharge of
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each pump is fitted with a butterfly valve. This
arrangement permits isolation and maintenance of
any one pump while the others remain in operation.

The circulating water system and condenser is
designed to permit isolation of each set of the three
series connected tube bundles to permit repair of
leaks and cleaning of water boxes while operating at
reduced power.

The circulating water system mcludes water box
vents to help fill the condenser water boxes during
startup and removes accumulated air and other gases
from the water boxes during normal operation.

A chemical additive subsystem is also provided to
prevent the accumulation of biological growth and
chemical deposits within the wetted surfaces of the
system.

10,4522 Component Description

Codes and standards applicabie to the CWS are
listed in Section 3.2. The system is designed and |
constructed in accordance with quality group D spec-
ifications Table 10.4-3 provides design parameters
for the major components of the circulating water
sysiem.

10,4523 System Operation

The CWS operates continuously during power
generation including startup and shutdown. Pumps
and condenser isolation valve actuation is controlled
by locally mounted hand switches or by remote
manual switches loc ‘ed in the main control room.

The circulating water pumps are tripped and the
pump and condenser valves are closed in the event of
a system isolation signal from the condenser pit
high-high level switches. A condenser pit high level
alarm is provided in the control room. The pit water
level trip is set high enough to prevent inadverient
plant trips from sorelated failures, such as a sump

Draining of any set of series connected con-
denser water boxes is initisted by closing the
associated condenser isolation valves and opening
the drain connection and water box vent valve.
When the suction standpipe of the condenser drain
pump is filled, the pump is manually started. A low
level switch is provided in the standpipe, on the
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suction sade of the drain pump. This switch will
automaztically stop the pump in the event of low
water level in the standpipe to protect the pump
from excessive cavitation.

10452 Evaluation

The CWS is not a safey-related system; however,
a flooding analysis of the turbine building is
performed on the CWS postulating 2 complete
rupture of a single expansion joint. The analysis
assumes that the flow into the condenser pit comes
from both the upstream and downstream side of the
break and, for conservatism, it assumes that one
system 1solation valve does not fully closc.

Based on the above conservative assumptions,
the CWS and related facilities are designed such that
the sclected combination of plant physical arrange-
ment and system protective features ensures that all
credible potential circulating water spills inside the
turbine building remain confined inside the con-
denser pit. Further, plant safety is ensured in case of
multiple CWS failures or other reghgible probability
CWS related events by the plant safety related gen-
eral flooding protection provisions that are discussed
in Section 3.4.

10454 Tests and lnspections

The CWS and related sysiems and facilities are
tested and checked for leakage integrity prior o
initial plant startup and, as may be approprate,
following major maintenance and inspection.

All active and selected passive components of
the circulating water system are accessible for
inspection and maintenance /testing during normal
power station operation.

10.455 Instrumentation Applications

Temperature monitors are pronded upstream
and downstream of cach condenser shell section.

Indication s provided in the control room 1o
identify open and closed positions of motor-operated
butterfly valves in the CWS piping.

All major circulating water system valves which
contr. the flow path can be operated by local
controls or by remote manual switches located on
the main control board. The pump discharge isola-
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tion valves sre interlocked with the circulating water
pumps so that when a pump is started, its discharge
valve will be opening while the pump is coming up to
speed, thus assuring there is water flow through the
pump. When the pump is stopped, the discharge
valve closes automatically to prevent or minimize
backward rotation of the pump and motor.

Level switches moritor water level in the con-
denser discharge water boxes and provide a permis-
sive for starting the circulating water pumps. These
ievel switches ensure that the supply piping and the
condenser are full of water prior to circulating water
pump startup thus preventing waler pressure surges
from damaging the supply pipiag or the condenser.

To satisfy the bearing lubricating water and shaft
scaling water interlocks during startup, the crculating
water pump bearing lubricating and shaft scal flow
switches, located in the lubricating scal water supply
lines, must sense & minimum flow to provide pump
slart permissive.

Monitoring the performance of the circulating
water system is accomplished by differeatial pressure
transducers across each half of the condenser with
remote differential pressure indicators located in the
main control room. Thermal clement signals from
the supply and discharge sides of the condenser are
transmitted to the plant computer for recording,
display and condenser performance calculations.

To prevent icing and freeze up when the ambicnt
temperature of the ultimate heat sink falls below
32°F, warm water from the discharge side of the
condenser is recirculated back to the screen house
intake. Thermal clements, located in cach condenser
supply line and monitored in the main control room,
are utilized in throttling the warm water recirculation
valve, which maintains the minimum inlet tempera-
ture of approximately 40°F.

10.4.5.6 Flood Protection

A circulating water system pipe, waterbox, or
expansion joint failure, if not detected and isolated,
would cause internal turbine building flooding up to
slightly over grade level, with excess flood waters
potentially spilling over on site. If a failure occurred
within the condensate system (condenser shell side),
the resulting flood level would be less than grade level
due to the relatively small hotwell water inventory
relative to the condenser pit capacity. In either event
the flooding of the turbine building would not affect
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safety related equipment since no such equipment is
located inside the turbine building and all plant
safety related facilities are protected against site
surface water intrusion.

1046 Condensate Cleanup System

The condensate cleanup system (CCS) purifies
and treats the condensate as required 10 maintam
reactor feedwater purity, using filtration to remove
suspended solids including corrosion products, on
exchange to remove dissolved solids from condenser
leakage and other impurities, and water treatment
additions to minimize corrosion/crosion product
releases in the power cycle.
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operation with hydrogen water chemistry, the
recommended design basis N-16 concentration in
steam is 4 times the value for natural water
chemistry or 200 §Ci/gm.

11.1.2.2 Noncoolant Activation Products

Radionuclides are produced in the coolant by
neutron activation of circulating impuritics and by
corrosion of irradiated sysiem materials. Typical re-
actor water concentrations for the principal activa-
tion products are contained in Reference 1. The
values of Reference 1 were adjusted to ABWR con-
ditisns by using the procedure described in subsec-
tion 11.1.3 and appropriate data from Tables 11.1-6
and 11.1-7. These results were arbitrarily increased
by the same factor used for the design basis
radioiodine concentrations (6.7) to obtain the con-
servative design basis reactor water concentrations
shown in Table 11.1-5. The stezin carryover ratio for
these isotopes is estimated to be less than 0.001. A
factor of 0.001 is apphed to the Table 11.1-5 values to
obtain the design basis concentrations in steam.

11,1223 Tritium

Tritium is produced by activation of naturally oc-
curring deuterium in the primary coolant and, (o a
lesser extent, as a fission product in the fuel (Refer-
ence 2). The tritium is primarily present as tritiated
oxide (HTO). Since tritium has a long half-life (12
vears) and will not be affected by cleanup processes
in the system, the concentration will be controlled by
the rate of loss of water from the system by
evaporation or leskage. All plant process water and
steam will have a common tritium concentration.
The concentration reached will depend on the actual
water loss rate; however, References 1 and 3 both
specify a typical concentration of 0.01 pCi/gm which
is stated in Reference 3 to be based on BWR expeni-
ence adjusted to account for liguid recycle. This
value is taken 1o be applicable for ABWR.

11.12.4 Argon-41

Argon-41 is produced in the reactor coolant as a
consequence of neutron activation of naturally occur-
ring Argon-40 in air which is entrained in the
fecdwater. The Argon-41 gas is carried out of the
vessel with the steam and stripped from the system
with the non-condensables in the main condenser.
Observed Argon-41 levels are highly variable due to
the variability in air in-lcakage rates into the system.
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Reference 3 specifies an Argon-41 release rate from
the vessel of 40 pCi/sec for a 3400Mw Reference
BWR. This value bounded the available experimen-
tal data base. Based on adjusting to the ABWR
thermal power, a design basis Argon-41 releasc rate
of 46 pCi/sec 1s specified for the AFWR.

11.1.3 Radienuclide Concentration
Adjustment

In order to determine the estimated concentra-
tions of radionuclides in the groups classified as
iodines, other non-volatile fission products, and
pon-coolant activation products using the
ANSI/ANS-18.1 Source Term Standard (Reference
1) it is necessary to apply appropriate adjustment
factors 1o the Reference Plant concentrations pro-
vided in the Standard.

Equilibrium concentrations in reactor water are
assumed 10 satisfy the relationship:

5
[ ol P O— (11.1-1)
M() + R)
where:
C = radionuclide concentration
5 = radionuclide input rate to coolant
M = reactor water mass
A = radionuchde decay constant
R = sum of removal rates of the radionuclide
from the system.

Consequently, if the radionuclide input rate is
taken to depend primarily on the reactor thermal
power, the adjustment factors 1o be applied to the
Reference Plant reactor water concentrations are

given by:
PM (A+R)

Adjustment Factor = {(11.1-2)

P‘M(A+R)

where the subscript “r” refers to the Reference Plant,
P is the reactor thermal power and M, A, and R are
as defined above. The removal rate from the system
is the sum of the removal rates duc to the reactor
water cleanup system and the condensate
demineralizer and is given by:

FE +FABE
R = . 3 (11.1-3)
M
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cleanup system flow rate
fraction of radionuclide removed in
cleanup demmeralizer

™,

Fs = stcam flow rate

A = ratio of radionuchide concentration in
steam 1o concentration i water
{carryover ratio}

B = fraction of radionuclide in stcam
which is circulated through the con-
densate demineralizer

E = fraction of radionuclide removed in

condensate demineralizer.

The Reference Plant and ABWR plant parame-
ters are shown in Table 11.1-6 and the
nuchide-dependent removal rate parameters used for
ABWR are shown in Table 11.1-7. The
nuchde-dependent parameters are the same as those
used for the Reference Plant except for the fraction
arculated through the condensate demineralizer.
The Reference Plant data s given for a plant wathout
pumped-lorward heater drains so that the fraction of
condensate treated by the demineralizer is 1.0, In
ABWR, which has pumped forward drains, the radi-
onuchides are assumed to preferentally go with the
pumped-forward flow (Reference 3). The effective
treatment fractions are .18 for iodines and .01 for
other fission products and non-coolant activation
products {Refereace 3).

11.1.4 Fuel Fission Production Inventory

Fuel fission product inventory information is used
in estabhishing fission product source terms for acci-
dent analysis and is discussed in Chapter 15.

11.L.5 Process Leakage Sources

Process leakage results in potential release of
noble gases and other volatile fizsion products via
ventilation systems. Liguid from process leaks 1s col-
lecied and routed to the hiquid-sobd radwaste system.
With the cffective process offgas treatment systems
now in usc, the ventilation releases are relatively sig-
nificant contributions to total plant releases.

Leakage of fluids from the process system results
in the release of radionuchdes into plant buildings.
In general, the noble radiogases will remain airborne
and will be released 10 the atmosphere with little
delay via the building ventilation exhaust ducts,
Other radionuclides will partition between air and
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water and may plate-out on metal surfaces, concrete,
and paint. Radioiodines are found in ventilation air
as methyl iodide and as inorganic wodine (particulate,
elemental, and hypoiodous acid forms).

As a consequence of normal steam and water
leakage in to the drywell, equilibrium drywell con-
centrations will exist during normal operation.
Purging of this activity from the drywell to the
environment will occur via the Standby Gas
Treatment System and will make minor
contributions to total plant releases.

Airborne release data from BWR building ventila-
tion systems and the main condenser mechanical
vacuum pump have been compiled and evaluated o
Reference 4, which contains data obtained by utility
personnel and from special in-plant studies of oper-
ating BWR plants by ndependent organizations and
the General Electric Company. Releases due to
process leakage are reflected in the airborne release
estimates discussed in Section 11.3.
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have been redesigned as a result of
inservice lesling.

12.1223 Egquipment Design Considerations to
Limit Component Radiation Levels

(1) Egquipment and piping were designed to reduce

2

(3)

{4)

(5)

the accumulation of radioactive materials in
the equipment. The piping, where possible,
was constructed of scamless pipe as a means
to reduce radiation accumulation on the
scam. The filter demineralizers in the RWCS
and FPCS are backwashed and flushed prior to
maintenance.

Equipment designs include provisions for
Jimiting leaks or controlling the fluid that
does leak. This includes piping the
released fluid to the sumps and the use of
drip pans with drains piped to the floor
drains.

The materials selected for use in the
primary coolant sysiem consist mainly of
austenitic stainless steel, carbon steel and
low alloy steel components.

The system design includes a RWCS and a
condensate demineralizer system on the
recactor feedwater. These systems are
designed to limit the radioactive isotopes
in the coolant.

External recirculation pumps and
recirculation piping were replaced by
internally mounted recirculation pumps.
Such pumps can be removed casily as an
integral or package unit for maintenance
cutside the lower drywell radiation zone.

12123 Facility Layout General Design
Considerations for Maintaining Radiation
Exposures ALARA

12.123.1 Minimizing Personnel Time Spent in
Radiation Areas

Facility general design considerations to

minimize the amount of personnel time spent in
radiation areas include the following:

Amendment 18
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locating eguipacent, instruments, and
sampling stations, which reguire routine
maintenance, calibration, operation, or
inspection, for ease of access and mimmum
required occupancy time in radiation arcas;

laying out plant arcas to allow remote or
mechanical operation, service, moaitoring,
or inspection of highly radioactive
cquipment; and

providing, where practicable, for
transportation of equipment or components
requiring service to a lower radiation
areca.

121232 Minimizing Radiation Levels in
Plant Access Areas and Vicinity of Equipment

Facility gencral design considerations

directed toward minimizing radiation levels in
plant access arcas and in the vicimity of
equipment requiring personnc! attention include
the following:

(1

(2)

(3

4

separating radiation sources and occupied
arcas where practicable (e.g., pipes or
ducts containing potentially bigh
radioactive fluids not passing through
occupied arcas;

providing adequate shiclding between
radiation sources and access and service
arcas. Of special note, the reactor
pressure vessel shield wall in the upper
drywell extends to within four inches of
the upper drywell ceiling thus permitting
continued operation in the upper drywell
during refucling and providing sheilding in
the case of a refucling accident;

locating ceguipment, instruments, and
sampling sites in the lowest practicable
radiation zone;

providing central control pancls to permat
remote ceperation of all essential
instrumentation and controls from the
lowest radiation zone practicable;

1213
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| (5) where practicable for package un.is,
scparating highly radioactive equipment from
less radioactive equipment, instruments, and
controls;

\

|

! (6) providing mecans and adeguate space for

| vtilizing moveable shiciding for sources

| withio the service arca when reguired;

(7) providing means to control contamination and
to facilitate decontamination of potentially
contaminated areas where practicable

(8) providing means for decontaminatior of
| SETVICE arcas;

Amendment 18 12.3-31
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Table 12.2-5
Radiation Sources (Continued)
C. Shieiding Geometry in meters
€
Component Boom Dimennions Wail Thickness in meters
Length Width  Hegin Fast West Nomh South Floor Ceiling

RHR Host Exchanger 126 56 56 08 a6 06 @6 Ground 0K

ROIC Turbine RLES 78 56 08 2 06 06 Ground €8

CUW Filer Demineraleer 28 3 74 08 1 08 1 0s Hatch
| CLUW Regen Heat Exchange: 27 3% 6 14 14 1 144 o8 0S8

CUW Non-Regen Heat Exchanger 74 aq 36 | 1 1 l. Ground 08

LEW Coliector Tank 3] 1 13 12 0B OR 12 Ground 08

LCW Fiker 64 106 & oR OB (48 ] 08 0s 08

LOW Demuncralezer 196 06 8 68 (3 13} o 08 0%

LCW Sampic Tank & 0 13 12 08 12 08 Ground 08

HCW Coliector T L 1n2 54 08 08 GE 12 Ground 08

HOW Demuncralizer W 106 § UL 0B 08 0% 08 OB

Offgas LR n 16 i 1 ) 1 25 i

Seeam Jet Ay Bjeoror 81 uz 7 1 i i 1 i 1

and Recombiner Room

CUW Backwash Receming Tank 66 T4 56 ] 0% 0k 1 Ground 08

CF Backwash Recenang Tank s 5 b ] i 1 1 25 Hatch

Phase Scparaior 16 R4 4% 08 L (0 12 L0 0

Spent Resin Storage Tank 4 64 46 13 ] 3. 0 08 o8 0%

Conventrated Waste Tank o g L4 3] 08 12 08 Ground 08

Sol Drver Feed Tank 54 2 62 ({7 08 08 08 OR 0

Sol Dryer {outlet) 92 s2 8 08 OB 08 08 08 08

Sol Peletzer i 92 52 o8 6B o8 0k 08 (33 0%

Sol Mist Separstor (steam ) 92 $2 K 08 08 0% 0x OR 08

Sof Condenses a2 2 62 08 o 0B OR OE 0K

Sol Drum 32 3 £ UK OR 08 UR 0 0%

FPC Filer Demneralizer 32 32 74 13 i 0s 0K 0.s Hatch

Suppression Pool Cicsnup ?ﬂ 32 32 74 0s 0s 0B 08 0s Hawch

Control Rod Drve System 746 334 58 o 06 0e 06 GR 06

Transverse Incore Probe < 13 3 ) 1 1 1 1 Mezz 06

Amendment 26 122-174
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Radiation Sources {Continued)

Table 12.2-5

C. Shielding Geometry in meters (Continued)

Component

Reacior Internal Pumps'
RIP Hest Exchanger

Turbine Moisture Sep/Rehesier
Turbine Condenser
Condenser Filier

Condenser Demineralizer
SGTS Fiter Train

Spent Fuel Storage

Nores

Monzable Wall

-8 anhoae

Mazintenance Facity

Amendment 20

82

Room Dimensions
Length Width Height

835

L3

Primary Contamment

124

142
5
9%
44

v

a7

LCW and HOW Demincraizer share same room
Sohid drver end Mist Separator share same room
74 meter water depih above fuel clements

North refers (o plant 0 degree onientation, cast = 90 degroes

£

8S

4

o e o ¢
"~

06

-

o W
w e

L)

(B

0%

P

-
i

L]

ZAAG6I00AL.

.

Wail Thickness in meters
North  South  Floor Ceiling
06 06 0x (773
1 | 1 1
1 i 25 Turbine
1 1 1 Hatch
1 1.6 3 i
02 0.2 2 06
2 2 2 ‘Md

122-175
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Table 13.3-1

ABWR DESIGN CONSIDERATIONS FOR EMERGENCY PLANNING
REQUIREMENTS (Continued)

Eacility

Emcrgency Oper-

ations Center
(EOC)

Laboratory Facil-

ties, Fixed or
Mobile

Post Acodent
Sampling System

Amendment 24

Primary
Document /

Section

NUREG-0654/
HH6

NUREG-0654/
lHLH6c

NUREG-0737/
B3

Emergency Planning
Requirements

control room and the
TSC, shall be provided
for operations support
personnel to report in
an emergency. There
shall be direct comm-
ucations between the
OSC and control room
and between the OSC
and the TSC sc that
the personnel report-
ing 10 the OSC can be
assigned to duties in
emergency operations.

Each license: shall
make provision to
acquire data from or
for emergency access
to offsite monitoring
equipment including
geophysical phenomena
and radiological
monitors.

Prowvisions to acquire
data from or for emce-
gency access to off-
sitc monitoring and
analysis equipment for
laboratory facilities,
fixed or mobil-,

Post accident sampl-
g capability

ABWR

Not within the scope

of the ABWR Standard
Plant. However, no
inpact on ABWR
design.

Responsibility of COL
applicant. ABWR
design allows
apphicant to mect

this reguirement.

Post-acadent sampl-
ing system of Sub-
section 9.4.2 meeis
reguirements except
as described in
Section 1A 2.7 for
the upper limit of
activity in the
samples at the ume
they are taken.
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Table 13.3-1
ABWR DESIGN CONSIDERATIONS FOR EMERGENCY PLANNING
REQUIREMENTS (Continued)
Primary
Document / Emergency Planning ABWR
Facility Section Reguirements Design Consideration
Onsite Decontam-  10CFRS0 Provisions shall be Decontamination of
ination Facility Appendix E/ made and described of onsite individuoals
IVE3 for facilities and will be provided by
supplics at the site the COL applicant
for decontamination in the service
of onsite individuals. building adjacent 1o

the main change
rooms (See Figure
1.2-20).

Amendment 23 1335
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. TABLE 13.6-1

REACTOR BUILDING CONTROL MEASURES

SAFEGUARDS INFORMATION- Provided under separate cover.
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power conditions

{c) proper functioning of valve positive
closure devices including verification
of adequate valve leak tightness; snd

(d) proper functioning of vacuum breaker
test features.

System operation is considered acceptable when
the observed /measured performance characteristics

meet the applicable design specifications.

14.2.12.1.44 Primary Containment Monitoring
Instrumentstion Preoperational Test

(1) Purpose

To verify the proper operation of instru-
mentation used for long term monitoring of
the drywell and wetwell atmospheves and
suppression pool temperature and level
during both normai operations and accident
conditions in the primary containment.

(2) Prerequisites

The construction tests have been success-
fully completed and the SCG has reviewed the
test procedure and has approved the initia-
tion of testing. The suppression pool shall
be filled and expected to undergo measurable
level and temperature changes at some pont
during the scheduled testing. The required
interfacing systems and components are
available, as needed, to support the speci-
fied testing. Additionally, any parallel
testing to be performed in conjunction with
the testing of this subsection is appropri-
ately scheduied.

(3) General Test Methods and Acceptance Criteria

A description of the instrumentation requir-
ed for containmenl monitoring is presented
in Subsection 6.2.1.7. Preoperational
testing of these instruments will be
performed in conjunction with the testing of
the applicable systems. Orly that
instrumentation requiring special
considerations is discussed below.

Performance shall be observed and recorded

23A6100AN
REV. B

during a series of individual component and
integrated system tests to demonstrate the
following:

‘a) proper tracking of drywell pressure by
all instrument channels during contain-
ment integrated leak rate testing (see
Subsection 1A.2.4);

(b) proper response of all suppression pool
level instrumentation during actual
changes in pool level;

(c) proper tracking by all suppression pool
temperaiure instrument channels of an
actual change in poo! temperature;

(d) proper functioning of associated indica-
tors, recorders, annunciators, and alarms
including those monitoring
instrumentation status; and

(e) proper system trips in response to the
appropriate high and/or low setpoints and
mopesative conditions.

System operation is considered acceptable when
the observed /measured performance characieris-
tics, from the testing described above, meet the
applicable design specifications.

14.2.12.1.45 Electrical Systems Preoperational
Test

The total plant electrical distribution net-
work is described in Chapter 8 and is comprised
of the following systems:

(1) unit auxillary AC power system;

(2) unit Class 1E AC power system;

(3) safety system logic and control system
power system;

(4) instrument power system;

(5) uninterruptible power system;

(6) unit suxillary DC power system; and

(7) unit class 1E DC power system.

Because of the similarities in their design
and fuaction, the iesting requirements for these
systems, and their respective components, can be
divided into the four general categories as
described below. The specific testing required
for cach system 1s described in the applicable
design and testing specifications.

14.2-34
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Two specific pathways are analyzed in releasing
fission products to the environment. The first
pathway is leakage to the reactor building
(secondary containment) via penetrations and
engincered safety feature components. This
leakage pathway is assumed as not greater than an
equivalent release of 0.5% by weight per day of the
primary containment free air weight per plant
technical specification. The secondary
containment is a multi-compartment self contained
structure maintained at negative pressure with
respect (o the environment thereby providing a
significant hold up volume for fission product
releases. All leakage pathways from the primary
containment except the main steamlines and the
feedwater lines terminate in the reactor building.
Leakage through the steamlines is treated
separately below and leakage through the
fecdwater lines is assumed negligible assuming the
proper isolation and filling of the feedwater lines
upstream of the primary containment through the
feedwater system. Flow through the reactor
building /secondary containment is directed via the
standby gas treatment system to the plant stack
through hepa and charcoal filters. Credit is taken
for hold up assuming 50% mixing in the secondary
containment without plateout and other removal
processes except filtration in the stand by gas
treatment system (SGTS) as given in Table 15.6-8.
1t is assumed that for the first 20 minutes after an
isolation signal, the SGTS is drawing the reactor
building down tc negative pressures, and therefore
all leskage during this time period i1s assumed
without effective filtration, Following this 20
minute period, full filtration is assumed for the
remainder of the period.

Removal process in the primary contaimnment
and for lcakages from the primary containment are
described in the following sections. Section
15.6.5.5.1.1 discusses reductions in airborne iodine
due to water attrition while sections 156.5.5.1.2
and 15.6.5.5.1.3 discuss removal processes for
leakages downstream of the main steamline
isolation valves.

15.6.5.5.1.1 Suppression Pool Scrubbing

The BWR suppression pool, though designed
primarily as a pressure suppression mechanism for
vessel blow down, serves also as an excellent
medium for the intramnment and capturing of all
fission products except the noble gases. The design
and operational characteristics of the BWR

Amendment 26
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provide for a release pathway from the vessel and
drywell into the suppression pool for all cases
involving vessel depressurization and therefore for
removal of fission products by scrubbing in the
suppression pool. The NRC has accepted the fact
that the suppression pool is capable of removing
fission products and provides for credit to
incorporate this phenomena 1n design basis
analysis by recourse to the requirements of
Standard Review Plan 6.5.5. The requirements of
SRP 6.5.5 state that any flow directed through the
pool can be credited with & decontamination factor
of 10 providing the requirements of subsection Il
are met and that the total decontamination is a
combination of the decontamination applicd to
flow through the pool to that fraction of the release
which bypasses the pool. The following paragraphs
describe the determination of the bypass fraction
for the calculation of overall pool decontamination.

The requirements of Regulatory Guide 1.3
stipulate an instantancous release of fission
products from the vessel to the containment
atmosphere. Coincident with an instantaneous
release, under LOCA conditions, the BWR
pressure vessel will be depressurized resulting in
the purging of the primary containment
atmosphere 1o the suppression pool. This situation
is shown in Figure 15.6-3 which show the fractions
of airborne particulate as a function of time in the
drywell and wetwell airspaces assuming a
decontamination factor uf 10 for that flow which is
purged cither through the horizontal vents or the
safety relief valves. The figure shows that the
airborne inventory is reduced by almost a factor of
ten within two minutes of the initiation of the
blowdown event.

However, the application of the precepts of
Regulatory Guide 1.3 do not indicate the most
likely train of events in a core damage event which
is what is implied in the design basis release
assumptions. Both Regulatory Guide 1.3 and its
predecessor, TID-14844, are based upon
non-mechanistic assumptions and devices and are
in the process of being replaced. Therefore
consideration of a range of accident progressions
bevond the rigidly narrow scope of Regulatory
Guide 1.3 is given below to evaluate potential
suppression pool bypass under more realistic
conditions.

The basic assumptions of this evaluation of
suppression pool bypass conditions assumes that an

15661
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event occurs which challenges the reactor core
causing sufficient damage to release approximately
half the fission product volatile iodines. Damage
to the core is limited to this extent implying the
ability to recover core cooling and limit in-vessel
damage. Such an assumption complies with the
intent of design basis hicensing in that the exact
means by which the core is challenged is not
specified but given the challenge, the response and
adequacy of the plant design is tested. In addition,
the assumption of resumpiton of core cooliag and
recovery with limited release is fully justifiable
since the ABWR incorporates multiple cooling
modes with redundant safety grade cooling
systems. Events leading to more significant core
damage are nol considered as design basis since
they assume massive damage with multiple failurcs

- . Such events are of
exceedingly low probability and are described and
evaluvated in Chapter 19 Therefore broadiy
speaking events which Jead to the assumed damage
can be divided into two categories, break and
non-break. Break cvents are those through which
primary coolant are released directly to the
primary containment atmosphere and non-break
events are those in which the primary coolant
boundary is not breached. Both types of events will
be considercd below to provide a bounding analysis

for suppression pool bypass.

In considering the non-break events, core
damage is primarily the result of failure to
maintain proper core water level resulting in
uncovering the core with subsequent release of
fission products upon overheating of the fuel rods.
To consider the train of events in such a case, the
MAAP code (see subsection 19.E for a description
of the MAAP code) was used to model vessel
response. Based upon the MAAP snalysis,
releases would begin shortly after core water level
reaches the bottom of the core and would proceed
rapidly. During this period, 1solation of the
primary coolant system and containment would
huve been automatically tripped on low water level
and the main steam isolation valves as well as all
the other isolation valves would have tripped
cffectively isolating all flow from the primary
containment. Therefore, the released fission
products would be exposed to three primary
nfluences: (1) plateout and removal in the dryers
and separators, (2) lcakage from the main
sticamline isolation valves into the main stcamlines,
and (3) flow through the safety relief valves into
the suppression pool

Amendment 24
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The release of volatile fission products would
occur over a period of 10-20 minutes during which
stcam or hydrogem flow from the core region
would be very small. Using an upper bound
estimate of 2 kg/sec of stcam generation during
this period, the vessel flushing rate would be ence
every ten minutes. Therefore during this period
0.13% of the flow would bypass the pool through
MSIV lcakage. The remaining faction would be
transported through the safety relief valves.
Without recovery of cooling water after this period
significant damage would occur 10 the core beyond
that of a design basis event. With the recovery of
water, the energy generated from decay heat which
would be evident in overall core temperature rise
and core degradation would cause 2 rapid pulse of
steam resulting in the purging the pressure vessel
of all airborne maierials. Based upon the MAA!;
analysis it 1s conservatively estimated that 9 x 10
Kg of steam would be gencrated in a short period
of time on the order of minutes resulting in a vessel
purge rate of seven to cight complete exchanges.
Therefore effectively all fission products remaining
airhorne in the vessel or lines would be purged to
the suppression pool. The cfiective pool bypass
fraction would then be 0.13% for an integrated
overall DF of 98 without credit for plateout or 4.9
with a factor of two plateout,

The break case follows a similar logic. Initially,
following a break, massive depressurization of the
pressure vessel would occur causing all non-
condensables i the drywell 10 be purged into the
wetwell air space through both the horizontal vents
and the safety relief valves. Isolation of the
containment and associated lines would be
automatically initiated on depressurization.
Following this rapid depressurization there would
follow a period during which the water level in the
vessel would drop to the bottom of core resulting
in the eventual release of fission products form the
core. Since in a break case, the path of least
resistance would be through the break, the fission
products would be effectively purged to the drywell
airspace. In this case the temperatures and surface
arcas involved would provide adequate plate out
areas to validate the Regulatory Guide 1.3 plate
out factor of 2. Like the non-break case the total
release is himited implying resumption of cooling
and a massive release of steam upon resumption of
cooling. In the case of reflood with a break,
because of the large volume of the drywell,
convervatively 80% of the drywell volume is purged
during the reflood penod. If complete mixing is

150462
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assumed which is resonable because of the
dynamic flows involved, it is then found that 55.6%
of the airborne fission products are purged to the
suppression pool in the few minutes needed (o
reflood the core. Therefore in this case an
integrated pool DF of 2 is calculated.

In summary, it is found that for design basis
accident conditions in which credit is taken for the
proper operation of redundant safety grade
svstems subject to the single failure proof criteria
that the suppression pool is capable of reducing the
clemental and particulate airborne iodine inventory
by a factor of 2.

15.6.5.5.1.2 Main Steamline Modeling

The second potential release pathway is via the
main steamline through leakage in the main
steamline isolation valves. It is assumed that a
pathway exits which permits the primary
containment atmosphere or in the non-break case
pressure vessel air space direct access 1o the main
steamlines and that the main steamline isolation
valves leak at the maximum technical specification.
Furthermore, it is assumed that the most critical
main steamline isolation valve fails in the open
position. Therefore, the total leakage through the
stcamlines is equal to the maximum technical
specification for the plant.

The main sicamlincs are graded (see Table
3.2-1) as Seismic Classification I Quality Group B
from the pressure vessel interface to the outboard
seismic restraint outboard of the downstream
MSIV thereby providing a qualified safety grade
mitigation system for fission product leakage which
in thic case is limited by the leakage critenia
specific in the technical specifications for the Main
Steamline Isolation Valves (MSIV). The primary
purpose of this system is 1o stop any potential flow
through the main steamlines. Down stream of the
seismic restraint referred to above, the steamlines
pass through the reactor building - control building
interface into the steam tunnel located in the
control building upper floor. This steam tunnel s &
beavily shiclded seismic category 1 structure
designed primarily to shield the control building
complex. From the control building the steamlines
pass through *he control building - turbine building
interface into the turbine building steam tunnel
which s a heavily shiclded reinforced concrete
strocture designed to shield workers from main
stcamline radiation shine. The stcamlines, ther

Amendment 24
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associated branch lines outboard of the last reactor
building seismic restraint are Quality Group B
structures. In addition, these lines and structures
are required to be dynamically analyzed to SSE
conditions {Table 3.2-2, note R) which determines
the flexibility and structural capabalitics of the lines
under hypothetical SSE conditions.

The analysis of leakage from the primary
containment through the main steamlines involves
the determination of (1) probable and zlternate
flow pathways, {2) physical conditions in the
pathways, and (3) physical phenomena which affect
the flow and concentration of fission products in
the pathways. The most probable pathway for
fission product transport from the main steamlines
is found to be from the outboard MSIV's into the
drain lines coming off the outboard MSIV and then
into the turbine building to the main condenser. A
secondary path is found along the main sicamlines
into the turbine though flow through this pathway
as described below is a minor fraction of the flow
through the drain ines. Consideration of the main
steamlines and drain line complex downstream of
the reactor building as a mitigative factor in the
analysis of LOCA leakage is based upon the
following determination.

1. The main steamlines and drain hines are high
gquality lines inspected on a regular schedule.

o

. The main steamlines and drain lines are
designed to meet SSE criteria and analyzed to
dynamic loading critenia.

3. The main steamlines and drain lines are
enclosed in a shielded corridor which protects
them from collateral damage in the event of an
SSE. For those portions not enclosed in the
steam lunnel complex, an as built inspection is
required to verify that no damage could be
expected from other components and structures
ina SSE.

4 The main steamlines and drain lines are
required under normal conditions to function to
loads at temperature and pressure far exceeding
the loads expected from an SSE. This capability
inherent in the basic design of these components
furnishes a level of toughness and flexibility to
assure their survival under SSE conditions. A
large data base of experience in the survival of
these types of components under actual
carthquake conditions exits which prove this
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contention. (Reference S) In the case of
ABWR further margin for survival can be
expected since the ABWR lines are designed
through dynamic analysis to survive such events
whereas in the case of the actual experience
data base, the lines shown to survive were
designed to lesser standards to meet only
normally expected loads.

Thercfore, based upon the facts above, the
main steamlines and drain lines in the ABWR are
used as mitigative components in the analysis of
icakage from the MSIVs.

The analysis of lcakage from the MSIVs
follows the procedures and conditions specified in
Reference 5. Two flow paths are analyzed for dose
contributions. The first pathway through the drain
lines is expected to dominated due to the
incorporation of a safety grade isolation valve on
the outboard drain line which will open the line for
flow down the drain line under LOCA conditions.
The second pathway through the main stcamlines
into the turbine is expected to carry less than 0.3%
of the flow based upon a determination that the
maximum lcakage past the turbine stop valves with
an open drain line would permit only 0.3% flow for
the valves to operate within specification. Specific
values used and results of the main steamline
leakage analysis are given in Table 156-8.

The COL applicant will recalculate iodine
removal credit on the basis of its design
characteristics of main stcamlines, drain, and main
condenser. See Subsection 15.6.7.1 for COL
license information requirements,

15.6.5.5.1.2 Condenser and Turbine Modeling

The condenser and turbine are modeled as
detailed in Reference S with specific values used
given in Table 156-8. Both volumes are modeled
primarily as stagnant volumes assuming the
shutdown of all active components. Both turbine
and condenser are used as mitigative volumes
based upon the determination that such
components designed to standard engineering
practice are sufficiently strong to withstand SSE
conditions due wholly 1o their design. (Reference
5) The only requirement in the design of the
condenser being thai it be bolted to the building
basemat 1o prevent walking during an carthquake.
The turbine has no such restriction and may
possibly move. The requirement on these

Amendment 26
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Rev €

components for purposes of mitigation is only that
they survive as a volume and not that they provide
functionality or leak tightness following an

carthquake.

Release from the condenser /turbine building
pathway arc assumed via diffuse sources in the
turbine building. The two major points of release
in the turbine building arc expected to be the truck
doors at the far end of the turbine building and the
maintenance panels located midway on the turbine
building on the side opposite the service building.
Releases are assumed (o be ground level releases.
See section 15.6.5.5.3 for applicable meteorology.

The COL applicant will recalculate iodine
removal credit on the basis of its design
characteristics of main stcamlines, drain, and main
condenser. See Subsection 15.6.7.1 for COL
license miormation requirements.

156552 Control Room

The ABWR <ontrol room is physically
integrated with the reactor building and turbine
buildings and is located between these structures
(see Figure 15.6-4). During a LOCA, exposure 1o
the operators will consist of contributions from
airborne fission products entrained mto the control
room ventilation system and gamma shine from the
reactor building and airborne fission products
external to the control building. Of these
contributions, the last two involving gamma shinc
are negligible since the inhabited portions of the
ABWR control room are physically located
underground with sufficient shiclding overhead (a
minimum of 1.6 meters of concrete) and in the side
walls (1.2 meters) to protect the operators from the
normal stcamline gamma shine. Such shiclding 1
more than sufficient 10 protect the operators given
any amount of airborne fission products.

Therefore, exposure to the operators will consist
almost entirely of fission products entrained into
the control room environment from the
atmosphere. The ABWR control room uses a
redundant safety grade HVAC system with two
inch charcoal filters for removal of iodines and two
roof mounted automatically controlled intake
vents. The location of the vents are given in Figure
15.6-4. Because of the location of these vents, it
cannot be assumed that at least one vent will be
uncontaminated given most conditions of
meteorology. Therefore, no credit for dual intakes
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was taken. In addition, the Jocation of these vents
with respect to the potential release points show
that given any wind flow condition, the vents may
be contaminated only by a release from the reactor
building or turbine building but not both.
Nevertheless, for purposes of conservative
calculations, it was arbitrarily assumed that for
30% of the time stagnant metcorological
conditions were assumed such that the primary
mtake vent was contaminated by both sources. For
the remaining 70% of the time only the more
significant source was assumed 10 contaminate the
primary intake vent.

Infiltration of airborne contamination to the
control room was considered negligible owing to
the pathway for access to the control complex.
Entry into the contro! room is via the service
building and a labyrinth doorway entry sysiem
through double doors nto the clean portions of the
service building. From the service building
additional controlled access through double doors
provides entry into the control room. In each of
these entry/access door systems, positive pressure
is maintained to vent infiltrated air to the outside
and away from the control room complex. As such
no conlamiration is anticipated bevond the initial
access entry way from which infiltrating air is
purged to the environment.

Control room dose is based upon fission
product releases modeled as described in
paragraph 15.6.5.5.1 and the values presented in
Table 15.6-8. Operator exposure was based upon
those conditions given in Table 15.6-8 and
occupancy factors as shown below derived from
SRP 6.4. Meteorology was derived as is specified
in section 156.53.2.

Iime = OQccupancy Factor

0-1 day 10
1-4 days 0.6
> 4 days 04

Amendment 26
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15.6.7 COL License Information

156.7.1 lodine Removal Credit

The COL applicant will recalculate iodine

removal credit as outlined in Subsections
1565512 and 1565513,
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Table 15.6-5

23A610AB
REV. C

STEAM LINE BREAK ACCIDENT PARAMETERS

Data and assumptions used to
estimalc source terms,

A. Power level

B.  Fuel damage

C.  Reactor Coolant Activity

D.  Steam mass reicased

E Water mass released

Data and assumptions used to estimate
activity released

A. Isolation valve closure time

B

Maximum release time

Dispersion and Dose Data

TMON® >

Metcorology

Boundary and LPZ dis'ances
Method of Dose Calculation
Dose conversion Assumptions
Activity Inventory/releases
Dose Evaluations

Amendment 26

4005 MWt

none

Subsection 15645
28373 Ibs

48397 Ibs

5.0 sec
2hr

Table 15.6-7
Table 156-7
Reference 2
Reference 2, RG 1.109, and ICRP 30
Table 15.6-6
Table 156-7
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Standard Plant e A
Tabl: 15.6-6
MAIN STEAM LINE BREAK ACCIDENT .

ACTIVITY RELEASED TO ENVIRONMENT IN CURIES
ISOTOPE ~ASE 1 CASE 2
1131 197E + 00 394E+01°
1-132 192E+01 3RIE+02
1-133 1.35E+01 270E+02
1-134 3.78E + 01 7.55E + 02
1-138 197E+01 3.94E + 02
TOTAL HALOGENS 921E+01 1.84E + 03
KR-83M 1.10E-02 6.60E-02
KR-85M 1 94E-02 116E-01
KR-85 6.11E-05 367E-04
KR-87 6.59E-02 396E-01
KR 58 6.66E-02 4.00E-01
KR -#9 267E-01 1.60E + 00
KR-%0 6.9CE-02 420E-01
XE131M 4.76E05 286E-04
XE133M 9.15E-04 5 50E-03

| XE133 2 S6E-02 1.54E-01
XE135M 2 S6E-02 1.54E-01
XE-135M 7.80E-02 4 69E-01
XE-13% 7.31E02 439E-01 .
XE-137 3.32E-01 2.00E + 00
XE-138 2.5SE-01 153E+00 |
XE-139 117E-01 7.01E-01
TOTAL NOBLE GASES 1.38E + 00 8.30E + 00

1
a 394E+01 = 354X 10

\
. |
‘
\

Amendment 2 156-16
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Table 15.6-8

23A6100AB

LOSS OF COOLANT ACCIDENT PARAMETERS

I Data and Assumptions used to esimate source terms.

A.  Power Level
B. Fraction of Core Inventory Released
Noble Gases
lodines
C. lodine Initial Platcout Fraction
D. lodine Chemical Specics
Elemental
Particulate

Organic

E. Suppression Pool Decontamination Factor - sec 156.5.5.1.1

Noble Gas
Organic jodine
Elemental lodine
Particulate

Pool Bypass Area

11 Data and Assumption used to estimate activity released.

A. Prnimary Containment Leakage

(1) Penetration and ESF Equipment

(2) MSIV Leakage (Total all lines)
B. Reactor Building Leakage

(1) 0-20 min

{2) >20 minutes

(3) Mixing Effeciency
C. SGTS

Filter Effeciency (6 inch charcoal)

Drawdown Time

D MSIV Leakage - see Reference S for standard paramelters

Main Steam Line Length
Drain Line Length
Main Steam Line IR /OR
Drain Line IR /JOR
Main Steam Line Insulation
Drain Line Insulation
Plateout and Resuspension Factors
E. Condenser Data
Free Air Volume
Fraction of Volume mvolved
Leakage Rate
lodine Removal Factor
Elemental
Particulate

Organic

Amendment 24

4005 MWt
100%
50%

91%

5%
4%

BN e e

o

=
=
A
—_
=

0.5%/day
140 SCFH

1509 /hr
50% , dav
50%

97%
20 min

157 fi

235 fit
31.98/35.55cm
3.33/4 45cm
120 cm

6.5cm

Ref &.

2200006
20%
1 1 -('0;(' /day

(0.993

0993
0
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Table 15.6-8
LOSS OF COOLANT ACCIDENT PARAMETERS (Continued) .
Il Control Room Data

A. Control Room Volumes 3

Total Free Air Volume 5,500 m

Gamma Room Volume (room size) 1,400 m
B. Recairculation Rates 4

Filtered Intake 0.1m /sec

Unfiitered Intake 0.0

Filtered Recirculation 065 m /sexc

Filter Efficiency (2 inch charcoal) 95%

1V Dispersion and Dose Data
A. Meteorology Sec 156553
This 15.6-13,14
B. Dose Calculation Muthod (semi-infinite) Ref2& 3, RG 1.109
C. Dose Conversion Assumptions Ref2,3
D. Activity/Relcases Thls 15.6-4,10,11,12
Appendix F.

E. Dose Evaluation Thls 156-13,14

Amendment 26 156181
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Table 15.6-9

TODINE ACTIVITIES

A. Primary Containment Inventory in Curies
Isotopc 1Mim 10Min 1Hr 2 Hrs

I-131 14E+7 14E+7 14E+7 14E+7
1-132 20E+7 19E+7 15E+7 L11E+7
1-133 29E+7 28E+7 28E+7 2TE+7
1-134  31E+7 28E+7 14E+7 65E+6
113§ 27E+7 2TE+7 24E+7 22E+7
Total 12E+8 12E+8 95E+7 B0E+7

B. Reactor Building Inventory in Curies
Isotope 1Min 10Min 1Hr 2 Hrs

1-131  47E+1 40E+2 25E+3 S2E+3
1-132 68E+1 S6E+2 2BE+3 42E+3
1-133  98E+1 B4E-+2 S52E+3 140E+4
11134  11E+2 82E+2 27E+3 25E-+3
1-135 92E+1 7BE+2 45E+3 B4E+3
Total 41E+2 34E+3 18E+4 30E+4

4 Hrs

1.3E+7
SO9E+6
2SE+7
13E+6
18E+7
63E+7

4 Hrs

10E+4
45E+3
19E+4
10E+3
13E+4
45E+4

& Hrs

13E+7
18E+6
22E+7
56644
12E47
49E+7

8 Hrs

19E+4
25E+3
31E+4
T9E+1
16E+4
6BE+4

LIAGI0AB

12 Hrs

13E+7
S2E+S
19E+7
24E+3
THE+6
40E+7

12 Hrs

26E+4
10E+3
37E+4
47E+0
1.5E+4
TOE+4

C.1 MSIV Pathway - Condenser Inventory in Curies - Elemer al lodine

Isotope 1Min 10Min 1Hr 2 Hrs

I-131  © 0 21E+2 13E+3
132 0 0 23E+2 11E+3
1133 0 0 43E+2 26E+3
1134 0 0 22ZE+2 64E+2
11135 0O 0 38E+2 22E+3
Total 0 0 1S5E+3 79E+3

4 Hrs

S5E+3
24E+3
10E+4
S4E+2
T2E+3
26E+4

K Hrs

1.7E+4
23E+3
28E+4
73E+1
1.5E+4
H3E+4

12 Hrs

30E+4
1.2E+3
44E+4
S5SE+0
17E+4
B2E+4

1 Day

12E+7
14E+4
13E+7
18E-1

21E+6
2TE+?

1 Dav

39E+4
43E+1
40E+4
STE-4

G8E+3
B6E+4

1 Day

64E+ 4
TI1E+1
66E+4
G4E-4

1.1IE+4
14E+5

4 Davs

Q2E+6
43E-6
1.1IE+6

11E+3
10E+7

4 Days

46E+4
21E-8
SSE+3

52E+0
S1E+4

4 Days

11E4+5
S2E-8
13E+4
0
13E+1
1.2E+5

.2 MSIV Pathway - Condenser Inventory in Curies - Organic lodine (Primary Containment)

Isotopc 1Min 10Min 1Hr 2Hrs

131 0O 0 18E+1 11E+2
11132 O 0 19E+1 9.1E+1
1133 6 0 37E+1 22E+2
I-134 0 0 19E+1 S54E+1
1-135 0 0 32E+1 18E+2
Total 0 0 1.2E+2 6.TE+2

Amendment 24

4 Hrs

4TE+2
21E+2
B6E+2
46E+1
61E+2
22E+3

% Hrs

1.5E+3
19E+2
24E+3
6.2E+0
13E+3
S3E+3

12 Hrs

25E+3
10E+2
37E+3
47E-1

15E+3
TRE+3

1 Day

56E+3
6.2E+0
STE+3
8.2E-5

96E+2
12E+4

4 Days

16E+4
T6E-9
19E+3
0
18E+0
18E+4

30 Days
T2E+S

75E-4

T2E+S

30 Days
36E+3

3BE-6

36E+3

30 Days
BSE+2
0
9.0E-7

0
BSE+2

30 Days
36E+3

3BE4

36E+3
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Table 15.6-9
TODINE ACTIVITIES (Continued)

C.3 MSIV Pathway - Condenser Inventory in Cunes - Resuspended Organic

Isotope I1Min 10Min 1Hr 2Hrs 4Hrs B8Hrs 12Hrs 1 Day 4Days 30 Days

1-131 0 0 75E-2 15E-1 92E-1 24E+0 74E+0 25E+1 13E+3 26E+3
I-132 0 0 60E-2 10E-1 23E-1 33E-1 16E-1 47E2 0 0

1-133 6 0 15E-1 29E-1 16E+0 40E+0 96E+0 25E+1 16E+2 14E-5
1134 0 0 39E-2 ST7E-2 34E-2 2BE-2 1SE-3 325 0 0

1-135 0 0 12E-1 23E1 97E-1 20E+0 31E+0 42E+0 26E-1 0

Total 0 0 44E-1 B83E-1 3BE+" BBE+u 20E+1 S4E+1 15E+3 26E+3

C .4 Condenser Inventory in Curies - Combined

Isotope 1Min 10Min 1Hr 2Hrs 4Hrs 8Hrs 1zHrs 1Day 4 Days 30 Days

1-131 0 0 23E+2 15E+3 60E+3 19E+4 32E+4 TOE+4 13E+5 71E+3
1-132 0 0 25E+2 12E+3 26E+3 25E+3 13E+3 77E+1 6GES8 0
1133 0 0 47E+2 29E+3 11E+4 31E+4 47E+4 72E+4 15E+4 19E-5
1134 0 0 24E+2 69E+2 S9E+2 79E+1 59E+0 11E3 © 0
1-13% 0 0 41E+2 23E+3 78E+3 16E+4 19E+4 12E+4 15E+1 0
Total 0 0 16E+3 85E+3 2BE+4 6BE+4 10E+5 15E+5 14E+5 7.1E+3

D.1 Control Room Inventory in Curies
Isotope 1Min 10Min 1Hr 2Hrs 4Hrs S8Hrs 12Hrs 1Day 4 Days 30 Days

1-131 12E-5 11E-3 28E-3 1BE3 90E4 71E4 62E4 99E4 EB9E4 S5ZE-S

1-132 18E-5 15E-3 30E3 14E3 40E4 95E-5 25E5 11E6 O 0
1-133 25E-5 22E3 S56E-3 3SE3 17E-3 12E3 9S0E4 10E3 11E4 0
1-134 28E-5 22E-3 29E3 BSE4 B89E-S 30E6 11E7 1S5E-11 O 0

1-135 24E-5 21E-3 49E3 29E3 12E3 62E4 36E4 17E4 10E-7 0O
Total 1L1E-4 90E-3 19E-2 10E2 43E3 26E3 19E3 22E3 99E4 52ES

D2 Control Room Integrated Activity in Curies-seconds
Isotope IiMin 10Min 1Hr 2Hrs 4Hrs EBHrs 12Hrs 1Day 4 Days 30 Days

1131 24E-4 22E-1 92E+0 BOE+0 91E+0 10E+1 90E+0 3SE+1 22E+2 42E+2
1-132 35E-4 31E-1 LIE+1 76E+0 S5TE+0 27E+0 70E-1 33E-1 11E-2 32E-12
1133 S1E-4 46E-1 19E+1 16E+1 17E+1 18E+1 14E+]1 42E+1 91E+1 S58E+0
1-134 SSE-4 46E-1 13E+1 GOE+0 24E+0 33E-1 12E-2 54E4 60E8 0O

i-135 48E-4 43E-1 17E+1 14E+1 13E+1 11E+1 65E+0 11E+1 49E+0 19E3
Total 21E-3 19E+0 70E+1 51E+1 48E+1 43E+1 30E+1 B9E+1 32E+2 43E+2
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NOBLE GAS ACTIVITY RELEASE TO ENVIRONMENT

Table 15.6-12

A. Reactor Building Release to Environment in Curies

isotope 1M 10 Min

Kr-83m 7.2E-1 63E+1
Kr-85 69E-2 63E+0
Kr-85m 1SE+014E+2
Kr87 29E+02SE+2
Kr-88 42E+037E+2
Kr-89 4SE+013E+2
Xe-131m 36E-2 33E+0
Xe-133 13E+111E+3
Xe-133m S3E-1 48E+1
Xe-135 16E+015E+2
Xe-135m 23E+016E+2
Xe-137 99E+034E-+2
Xe-138 10E+170E+2
Totals SI1E+135E+3

i1Hr

25E4+2
27E+1
STE+2
GRE+2
1.5E+3
18E+2
14E+1
49E+3
20E+2
6.2E+2
4TE+2
S2E4+2
20E+3
12E+4

2 Hrs

33E+2
41E+1
R2E+2
12E+3
21E+3
18E+2
21E+1
75E+3
31E+2
9.2E+2
48E+2
S52E+2
20E+3
16E+4

B. Condenser Release 1o Environment in Curies

Isotope 1 Min 10 Min

Kr-83m 0
K85 0
Kr-85m 0
Kr-87 0
Kr8 0
Kr8 0
Xe-131m O
Xe-133 0
Xe-133m 0
Xe-135 0
Xe-135m 0
Xe-137 0
Xe-138 O
Totals 0

= I - o B i

L~ 2~

oo

Amendment 26

1 Hr

1.6E-1
20E-2
40E-1
5.5E-1
10E+0
1.1E-4
1.1E-2
37E+0
1.5E-1
46E-1
T9E-2
91E-4
28E-1
68E+0

2 Hrs

21E+0
35E-1
62E+0
6.5E+0
15E+1
1.1E-4
18E-1
64E+1
27E+0
T4E+0
28E-1
95E-4
R6E-1
11E+2

4 Hrs

S2ZE+2
98E+1
1.6E+3
1.7E+3
37E+3
18E+2
5.1E+1
1R8E+4
T3E+2
20E+3
49E+2
S2E+2
20E+3
31E+4

4 Hrs

1.2E+1
34E+0
48E+1
30E+1
10E+2
1.1E4

18E+0
62E+2
25E+1
65SE+1
34E-1

9.SE-4

10E+0
91E+2

8 Hrs

T.7E+2
32E+2
35E+3
21E+3
6.TE+3
18E+2
16E+2
STE+4
23E+3
5.2E+3
49E+2
52E+2
20E+3
81E+4

& Hrs

35E+1
25E+1
23E+2
6.5E+1
IBE+2
1.1E-4

13E+1
44E+3
18E+2
38BE+2
34E-1

95E-4

1.0E+0
STE+3

23A6100AB

12 Hrs

R6E+2
66E+2
SOE+3
22E+3
R4E+3
18E+2
34E+2
12E+5
4S5E+3
90E+3
49E+2
52E+2
20E+3
15E+5

12 Hrs

46E+1
71E+1
43E+2
T4E+1
6.1E+2
1.1E-4

36E+1
12E+4
48E+2
88E+2
34E-1

9.5E-4

10E+0
15E+4

1 Day

9O0E+2
22E+43
72E+3
22E+3
98E+3
18E+2
11E+3
37E+5
14E+4
18E+4
49E+2
52E42
20E+3
43E+535

1 Day

S52E+1
36E+2
82E+2
T6E+1
BSE+2
1.1E-4

18E+2
6OE+4
22E+3
26E+3
34E1

95E-4

10E+0
6RE+4

4 Days

90E+2
1RE+4
TRE+3
22E+3
99E~3
1BE+2
B2E+3
24E+6
TOE+4
2RE+4
49E+2
SZE+2
20E+3
26E+6

4 Days

S2E+1
6.3E+3
96E+2
T6E+1
8T7E+2
1.1E-4

2BE+3
R2E+S
22E+4
S53E+3
34E-1

95E-4

10E+Q
BOE+S

30 Days

SOE+2
15E+5
TBE+3
22E+3
99E+3
1BE+2
37E+4
6TE+6
LIE+S
iBE+4
A45E+2
S2E+2
20E+3
TIE+6

30 Days

S2E+1
16E+5
96E+2
THE+1
RTE+2
1.1E-4

34E-+4
49E+6
S4E+ 4
S3E+3
34E-1

SSE-4

10E+0
52E+6
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170 INTRODUCTION

Section 17.1 of this Standard Safety Analysis
Report describes the Quality Assurance (QA)
Program which is impiemented by GE for the ABWR
project. It is based uwpon the standard GE QA
Program documented in the GE Nuclear Energy
topical report NEDO-11209-04A (Reference 1) and
the additional information in this chapter
describing and clarifying GE's interfaces and
responsibilities with its technical associates on
the ABWR. These technical associales are major
international corporations who are licensees of
GE’s technology and have extensive independent
experience in the design and construction of
nuclear power stations.

The standard program is used throughout GE
Nurleer Energy on all other nuclear power plant
work and bas been accepted by the Nuclear
Regulaiory Commission. It is in compliance with
Title 10, Code of Federal Regulations, Part 50,
Appendix B; ANSI/ASME N45.2; ANSI/ASME
N4$ 2-series standards; and NRC Regulatory Guides
with some NRC-accepted GE Nuclear Encrgy
alternate posit:ons.

The QA Program described in this chapter meets
Regulatory Guide 1.28, Revision 3 and is
organized to show its relationship to Reference
1, ANSI/ ASME NQA-1-1983 and NQA-12a-1983, and
GE’s interfaces with its technical associates.
The terms and definitions of supplement S-1 of
NQA-14-1983 apply. Table 17.0-1 summarizes ABWR
compliance with the quality related Regulatory
Guides.

The COL applicant /holder is responsible to
prepare and implement a guality assurance program
for the construction phase of Section 17.1 and
the operations phase of Section 17.2 that also
mects the requirements of ANSI/ASME NQA-1-1983
and NQA-12-1983 and the guality rclated
Regulatory Guides listed in Table 17.0-1. Sece
Subsection 17.0.1 for COL license information

17.0.1 COL License Information

170.1.1 QA Programs for Construction and
Operation

The COL applicant /holder shall prepare and
implement a quality assurance program [or the
construction phase of Section 17.1 and the

Amendment 26
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operations phase of Section 17.2. They will
meet the reguirements of ANSI/ASME NQA-1-1983
and NQA-1a-1983 and the quality related
Regulatory Guides Jisted in Table 17.0-1. (Sece
Section 17.0)
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17.3  RELIABILITY ASSURANCE
PROGRAM DURING DESIGN
PHASE

This section presents the ABWR Design Reliabaluy
Assurance Program (D-RAP).

17.3.1 Intreduction

The ABWR Design Reliability Assurance Program
(D-RAP) 15 a program that will be performed by dunng
dewied design and specific equipment selection phases 1o
assure that the importanmt ABWR relability assumpuions
of the probabilistic risk assessment (PRA) will be
considered throughout the plant life. The plant owner/
operator will complete the D-RAP and will also have an
operational RAP {O-RAP) that tracks equipment rehability
w0 demonstrate that the plant s being operated and
mamntained consistent with PR A assumptions so that overall
risk is not unknowingly degraded. The PRA evaluates the
plant response 10 tnlstng events 1o assure that plant
damage has a very low probability and risk to the public 15
very low. Input 1o the PRA includes details of the plant
design and assumptions about the relability of the plant
risk-significant structures, systems and components (S8Cs)
throughout plant life. Appendix 19K, PRA Based
Reliability and Mamienance, identifies certain nisk-
significant SSCs. The results of Appendix 19K can be
used as 2 starung point for the D-RAP.

The D-RAP will include the design evaiuation of the
ABWR. It willidenufy relevant aspects of plant operation,
mantenance, and performance momtonng of important
plant S8Cs for owner/operator consideralion in assuring
safety of the equipment and limsted risk 10 the pubiic. The
COL applicant will specifiy the policy and impiement
procedures for using the D-RAP information. See
Subsection 17.3.13.1 for COL hcense information.

Also mncluded m this explanation of the D-RAP 15 5
descriptive example of how the D-RAP will apply 10 one
potentally important plant system, the standby hquid
contral system (SLCS). The SLCS example shows how
the principies of D-RAP will be applied 1o other systems
idenuned by the PRA as being sigmificant with respect 10
nsk.

23A6100AQ
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17.3.2 Scope

The ABWR D-RAP will include the future design
cvaluation of the ABWR, and st will identify relevant
aspects of plant operac.sn, maintenance, and performance
monuoring of plant nsk-significant SSCs. The PRA for
the ABWR and other industry sources will be used
idenufy and prionitize those SSCs that are important 10
prevenl or matgale plant transients or other events thai

could present a nisk to the public.

17.3.3 Purpose

The purpose of the D-RAP is 10 assure that the plant
safety as esumated by the probabilisuc risk analysis (PRA)
is mainiained as the detaled design evolves through the
mformaton 1s provided in the design documentat:on 1o the
future owner/operator so that equipment rehiability, as 1t
affects plant safety, can be maintained through operation
and mamtenance during the entire plant life.

17.3.4 Objective

The objective of the D-RAP is w0 idenufy those plant
SSCs that are significant contributors to nisk, as shown by
the PRA or other sources, and to assure that, duning the
implementation phase, the plant design continues 1o utilize
risk- sigruficant SSCs whose reliability 1s commensurale
with the PRA assumptions. The D-RAP will also identify
key assumpuons regardirg any operation, maiienance
and monsormg activities that the owner/operator should
consider in developing its O-RAP 10 assure that such SSCs
can be expecied w operate throughout plant life with
reliahility consisient with that assumed 1 the PRA.

A major factor in plant reliability assurance 1s nisk-
focused mamienance, by which mamienance resources
are focused on those SSCs that enable the ABWR sysiems
10 fulfill their essenuial safety funcuons and on SSCs
whose farlure may directly initiate challenges 1o safety
sysiems,  All plant modes are considered, including
equipment directly relied upon in Emergency Operating
Procedares (EOPs). Such a focus of mainienance will
help 1o maintain an acoeptably low ievel of nisk, consisient
with the PRA.
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17.3.5 GE-NE Organization for D-RAP

The D-RAP defimupon, reliability analvses, and the
PRA, including Appendix 19K, were performed by GE
Nuclear Encregy (GE-NE)

Responsitality for the design of key eguipment,
components and subsystems was shared by GE-NE 1ogether
with external organizatbions, mcloding the Architect
Engineer. The manager assigned the responsibility of
managing and megrating the D-RAP Program had direct
access 10 the ABWR Project Manager and kept him
abreast of D-RAP critical stems, program needs and status.
He had organizational freedom 10:

(1) ldenufy D-RAP probiems.

(2) Initiate, recommend or provide solution ©
problems through designated organizations

{3) Venfy implementation of solution.

i4) Funcuion as an inegral pan of the final design
process.

The COL apphicant completing 1ts detaled design
and equipment sclection duning the design phase, must
submit its specific D-RAP organization for NRC review
See Subsection 17.3.13.2 for COL license information.

17.3.6 SSC ldentification /Prioritization

The PRA prepared for the ABWR will be the pnmary
source for denufying nsk- sigmficant SSCs that should be
given special consideration dunng the detalied design and
procurement phases and/or considered for inclusion in the
O-RAP. The method by which the PRA 1s usad 1o identfy
nsk-significant S5Cs s described i Chapter 19. ltisalso
possibie that some nisk-significant SSCs will be identified
from sources other than the PRA_ such as nuclear plant
operating expenience, other industrial experience, and
relevant component failure data bases.

17.3.7 Design Considerations

The rehabibity of nisk-sigmificant SSCs, which are
idenufied by the PRA, will be evaluated at the detaled
design stage by appropriate design reviews and rehabality
analyses. Current data bases will be used 10 wdenufy
appropriate values for failure rates of equipment as
designed, and these fatlure rates will be compared with
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those used in the PRA. Normally the failure rates will be
similar, but in some cases they may differ because of
recent design or datz base changes. Whenever failure
rates of designed equipment are significantly greater than
those assumed in the PR A an evaluation will be performed
to determine if the eguipment is acceptable or if it must be
redesigned 10 achieve a lower failure rate.

For those nsk-significant SSCs, as indicated by PRA
or other sources, component redesign (including selection
of a differemt component) will be considered as a way to
reduce the CDF contribution. (If the system unavailability
or the CDF 1s acceptably Jow, less effart will be expended
toward redesign.) If there are practical ways 1o redesign
a nsk-significant SSC, ut will be redesigned and the
change i sysiem fault tree results will be calculated.
Following the redesign phase, dominant SSC farlure modes
will be idenufied so that protecuon agamst such failure
maodes can be accomphished by appropriate activities
during piant life. 7% 4esign considerations that will go
into determining an acoeptable, reliable design and the
SSCs that must be cor adered for O-RAP acuvites are
shown in Figure 17.3-1.

GE-NE will identify in the PRA or other design
documents 1o the plant owner/operator the nisk-significant
SSCsand the associated reliability assumaptions, mcluding
any perunent bases and uncertamnties considered in the
PRA GE-NE will also provide information for the plant
owner/operalor 10 ncorporate inio the O-RAP 10 help
assure that PRA resulis will be achieved over the life of the
plant. This information can be used by the owner/operator
for establishing appropriate rchability targets and the
associated mamtenance pracuces for achieving them.

17.3.8 Defining Failure Modes

The determination of dominant farlure modes of risk-
significant SSCs will include histonical information,
analyucal models and exisung requirements. Many BWR
sysiems and components have compiled a significant
histonical record. so an evaluation of that record comprises
Assessment Path A in Figure 17.3-2. Details of Path A are
shown in Fagure 17.3.3.

For those SSCs for which there is not an adequate

historical basis W identfy cnincal failure modes, an
analyucal approach 1s necessary, shown as Assessment
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Path B in Fagure 17.3-2. The details of Path B are given
in Figure 17.34. The falure modes wdentified in Paths A
and B are then reviewed with respect to the existng
maintenance activities in the industry and the mamntenance
requirements, Assessment Path C in Figure 17.3-2.
Detailed sieps in Path C are outlined in Figure 17.3-5.

17.3.9 Operational Reliability Assurance
Activities

Once the dominant failure modes are determined for
risk-significant SSCs, an assessment 1s required 1o
determine suggested O-RAP activities that will assure
acceptable performance during plant life. Such acuvives
may consist of peniodic surveillance mspections or 1esis,
monnoring of SSC performance. and/or penodic preventive
maintenance (Ref. 1). Anexample of a decision tree that
would be apphicable to these activities is shown in Figure
17.3-6. As indicated, some SSCs may require a
combination of activities 10 assure that their performance
is consistent with that assumed m the PRA.

Penodic tesung of SSCs may include starwp of standby
sysiems, surveillance testing of mstrument circmils 10
assure that they will respond to appropriate signals, and
mspection of passive SSCs (such as tanks and pipes) 1o
show that they are available 10 perform as designed.
Performance monitoring, inc luding condibon monioning,
can consist of measurement of output (such as pump flow
rate or heat exchanper temperatures), measurement of
magnitude of an important vanable (such as vibration or
iemperature ), and tesung for abnormal condibons (such as
o1l degradation or local hot spots).

Periodic preventive mainienance IS an activity
performed ai regular intervals 1o preciude problems that
could ocour before the next PM imierval. This could be
regular o1l changes, replacement of seals and gaskets, or
refurbishment of equipment subject to wear or age relaied
degradauon.

Planned mainienance activities will be integrated with
the regular operating plans so that they do not disrupt
normal operason. Mainienance that will be performed
more frequently than refueling outages must be planned so
as to not disrupt operanon or be likely i0 cause reactor
scram, ESF actuation, or abnormal transients. Mamienance
planned for performance during refueling outages must be
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conducted in such a way that it will have hittie or no impact
on plant safery, on outage length or on other maintenance
work.

be reviewed by the NRC. See Subsecuon 17.3.133 for |

The COL applicant will provide a complete O-RAP1w0 |

COL license mformation |

17.3.10 Owner/Operator's Reliability
Assurance Program

The O-RAP that will be prepared and implemented by

the ABWR owner/operator will make use of the information
provided by GE-NE. This information will help the
owner/operator determine actvities tiat should be included
in the O-RAP. Examples of clements that might be
included in an O-RAP are:

1.

to

wh

Reliability Performance Monitoring: Measurement
of the performance of eguipment 10 determine that
it 1s accomplishing its goals and/or that it will

continue 1o operate with low probability of fatlure.

Relabiliy Methodojogy: Methods by which the
plant owner/operator can compare plant data 1o the
SSC data in the PRA.

Picbiem Priontizagion: Idenuficauon, fr cach of
the risk- significant SSCs, of the importance of
that item as a contributor to is system unavailability
and assignment of pnorities o problems that are
detected with such eguipment.

Root Cause Anglyvsiss Determinauion, for problems
that occur regarding relability of risk-significant
SSCs, of the rool causes, those causes which, after
correction, will not recur 1o again degrade the
rehability of equipment.

. A - PRIy - v
of corrective actions needed to restore equipment
1 1ts required functional capability and relubility,
based on the results of problem identificatiun and
root cause analysis,

‘ , - !
identified corrective action on nisk-significant
equipment 10 restore eguipment 10 1S intended
function in such a way that plam safety is not

17.3-3
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compromised during work.

~

Comective Acuion Venficauon: Post-comrective

acton tasks 10 be followed afier maimenance on
nsk significant equipment 10 assure that such
equipment will perform its safety functions.

8. Plant Aging. Some of the nsk-significant
equipment 1s expected 10 undergo age relaed
degradation that will require equipment
replacement or refurbishment.

9. Eeedback 10 Designer: The plant owner/operator
will penodically compare performance of nsk-
sigmificant equipment 1o that specified in the PRA
and D-RAP, as mentioned m item 1. above, and. at
its discretion, may feedback SSC performance
data to plant or equipment designers in those cases
that consistently show performance below that
specified.

10. Programmauic interfaces. Reliability assurance
interfaces relaied 1o the work of the several
organizations and personnel groups working on
nisk-significant S5Cs.

The plant owner/operator's O-RAP will address the
interfaces with construction, stanup 1estng, operations,
maintenance, engineering, safety, lhicensing, quality
assurance and procurement of replacement equipment.

17.3.11 D-RAP Implementation

An example of implementation of the D-RAP 1s given
forthe standby liquid control system (SLCS). The purpose
of the SLCS is 1o imect neutron absorbing poison into the
reactor, upon demand, providing a backup reacior shutdown
capability independent of the control rods. The system s
capable of operaung over a wide range of reactor pressure
conditions. The SLCS may or may not be identified by the
final PRA as a significant contributor 1o CDF or 1o offsite
nisk. For the purpose of this example it is assumed that the
SLCS 1s idenufied as a significamt contributor to CDF or
10 offsue nisk.

17.3.11.1 SLCS Description

During normal operation the SLCS 1s on standby , only
to function in event the operators are unable 10 control

reactivity with the normal control rods. The SLCS consists
of a boron solution storage tank, two positive displacement
pumps, two moltor operaied ingection valves (provided in
parallel for redundancy ), and associated piping and valves
used to ransfer borated water from the s1orage tank 10 the
reactor pressure vessel (RPV).

The borated solution is discharged through the ‘B’
high pressare core flooder (HPCF) subsystem sparger. A
schematic diagram of the SLCS, showing major sysiem
components, is presented in Figare 17.3-7. Some locked
open mamienance valves and some check valves are not
shown. Key equipment performance reJuirements are:

a. Pump Loy 50 gpm per pump
b. Maximum reactor pressure 1250 psig
(for impecuon}
¢. Pumpable volume in 6100 US. gal
storage tank (minimum)

Design provisions 10 permit sysiem testing include a
test ank and associated piping and valves. The tank can
be supphied with demineralized water which can be punijned
in a closed loop through either pump or ingected 1o the
reactor.

The SLCS uses a dissolved solution of sodium
pentaborate as the neutron- absorbing poison. This solution
1s held in a heated siorage tank to maintain the solution
ahove its saturation temperature. The SLCS solution tank.,
2 test water tank, the two positive displacement pumps,
and associated valving are jocaled in the secondary
contamment on the floor elevaton below the operating
floor. Thisisa Seismmc Calegory I structure, and the SLCS
equipment is protected from phenomena such as
carthquakes, tomados, hurmicanes and floods as well as
from imernal postulated accident phenomena, In thisarea,
the SLCS 1= not subject 1o conditions such as missiles, pipe
whip, and discharging fluids.

The pumps are capable of producing discharge pressure
1o nject the solution inito the reactor when the reactor 1s at
high pressure conditions corresponding 10 the sysiem
relief valve actuation. Signals indicating storage tank
hiquid level, tank outlet valve position, pump discharge
pressure and injection valve position are available in the
control room.

The pumps, heater, valves and controls are powered
from the standby power supply or nommal offsite power.
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The pumps and valves are powered and controlled from
separate buses and circaits so that single active failures
will not prevent sysiem operation. The power supphed 10
one motor operated injecuon valve, storage tank discharge
valve, and mjection pump is from Division I, 480 VAC.
The power supply W the other motor-operated mjecuon
valve, storage tank outlel valve, and injecuon pamp 1s
from Division I1, 480 VAC. The power supply to the tank
heaters and “eater controls 1s connectable 1o a standby
power source. The standby power source 15 Class 1E from
an on-site source and 15 independent of the off-site power.

All components of the system which are required for
imjecuion of the neutron absorber into the reactor are
classified Seismic Caegory 1. All major mechamcal
components are designed to meet ASME Code
requirements as shown below.

Component ASME Design Condinons
Code Class Pressure Temperature

Swrage Tank 2 Swatic Head  150°F
Pump 2 1560 psig 150°F
1

Injecuon Valves 1560 psig 150 °F
Piping Inboard of
Injection Valves 1 1250 psig 575 °F

173112  SLCS Operation

The SLCS is imtiated by one of three means:
(a) manually mstated from the mamn control room,
(b) automatically imuated if conditions of high reactor
pressure and power level not below the ATWS permissive
power level exist for 3 minutes, or (¢) automatically
imuated if conditions of RPV water level below the jevel
2 setpoint and power level not below the ATWS permussive
power level exist for 3 minutes. The SLCS provides
borated waler 10 the reactor core 10 introduce negative
reactivity effects during the required conditions.

Tomeet its negative reactivity objective, il is necessary
for the SLCS 1o inject & guantaty of boron which produces
& mumimum: concentration of 850 ppm of natural boren in
the reacior core at 68 F. Toallow for potennal leakage and
imperfect mixing in the reactor sysiem, an addinonal 25%
(220 ppm) margin is added 1 the above requirement. The
reguired concentration 1s achieved accounting for diution
in the RPV with normal water level and including the
volume m the residual heat removal shutdown cooling
piping. This quanuty of boron solution 1 the amount
which is above the pump suction shuioff level in the
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storage tank thus allowing for the poruon of the tank
volume which cannot be imjected.

173113  Major Differences From
Operating BWRs

The SLCS design 1s very similar to that of operating
BWRs. Automatic actuation of the ABWR SLCS s
similar to that incorporated in some operating BWRs.
Because of the larger ABWR RPV volume, the pumaping
capacity has been increased from 43 1o 50 gpm per pump.
Imsection of SLCS solution through the HPCF sparger has
been shown by boron mixing tests o grve betier mixing
than the operating plant injection through a standpipe.

Imecuon vaives of operating plants are leak proof explosive
valves 10 keep boron cat of the reactor during SLCS
testng. In the ABWR the injection valves are motor
operated and a suction pipe fill system keeps the lnes
filled with disulied water at slightly higher pressure than
that of the boron storage tank w0 preclade entry of boron
mio the reactor. The motor operated injection valves
provide the following advantages over explosive valves:

a. Radwation exposure 10 personnel is potentially

less work will be required at the valves.

b. Post-injection contatnment 1solation capability
1s enhanced because the motor operated valves
can be closed following boron iyection.
Explosive valves cannol be reclosed o provide
contmnment 1solation.

17.3114  SLCS Fault Tree

The top level fault tree for the SLCS 1s shown in
Figure 17.3-8, with the top gaie defined as failure 0
deliver 50 gpm of borated water from the siorage tank 10
the RPV. Details providing input 1o most of the events in
Figure 17.3-8 are conmined in the several addibonal
branches 1o the fault tree.

1t 1s assumed that the SLCS has been identified by the
PRA as a sysiem making significant contribution 10 CDF.
A lisung of the SLCS components or events by Fussell-
Vesely Imporiance was made, and those SSCs with greatest
importance are given in Table 17.3-1. No SSCs appear 1o
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be risk-significant because of aging or common cause
considerations. The seven most significant components
are listed mn Table 17.3-2, so these SSCs should be
considered as nsk-significam candidates for O-RAP

acuvities.

173115  System Design Response

The seven SLCS nisk-significant components identified
in Table 17.3-2 as having high importance in the SLCS
fault tree are now considered for redesign or for O-RAP
activities, as noted above. The flow chart of

Figure 17.3-1 guides the designer.

Two of the ever—; i Table 17.3-2 reault from flow of
SLCS fluid being diveried through rebief valves back 1o
pump suction rather than into the RPV. Since gate and
check valve failures (which could resull in rehief vaive
operation) are accounted for by separate events, the relief
valve fatlures of concern can be considered 1 be vaive
body failures or inadvertent opening of the relief valves.
Plugging of the suction lines from the storage tank could
result from some contamination of the tank flud or
collecuon of foreign matier in the tank. The pump failures
1o stan upon demand could result from electrical or
mechamical problems at the pumps or thewr control circunts.

Two AC electrical system failures that contribuie 10
SLCS sysiem failure are wdentified in Table 17.3-2. No
further details of clectnical svstem failures or mainienance
are included here. That Jeaves the five components noted
above for special attenbon with regard to reducing the nsk
of sysiem failure.

a. Redesign

The design evaluation of Figare 17.3-1 1s used by the
designer. The design assessment shows that the component
failure rates are the same as those used in the PRA | so there
18 no need 1o recalculate the PRA. Also, no one SSC has
amajor mpact on SLCS system unavailability, soredesign
or reselection of components 1s not required and the seven
components are identified for consideration by the
O-RAP.

Redesign consideratons, if they had been required,
would have ncluded trying 1oidentify more reliabie rehief
valves and pumps and suction lines less likely oplug. The
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later might be achieved by using larger diameter pipes or
multiple suction lines. Pump and valve reliability might
be enhanced by specific design changes or by selecbion of
a different component. Any such redesign would have 1o
be evaluated by balancing the increase in reiability against
the added complication to plant equipment and layout

b. Failure Mode Identification

If redesign 1s not necessary, or after redesign has been
compieted, the appropriate O-RAP activities would be
idenut 2d for the three SLCS component types identified
by the taull ree and discussed above. This begins with
determming the likely failure modes that will lead 1 loss
of funcuon, following the steps in Figure 17.3-2. The
components of SLCS have adequate failure hstory 1o
dentify crincal failure modes, so Assessment Paths A and
C (Figures 17.3-3 and 17.3-5, respectively) would be
followed 1o define the failure modes for consideration.

For the SLCS rebief valves past expenience with similar
valves shows that the major farlure modes are fluid lcakage
from the valve body and a spurious opening as result of
failure of the spring, the spring fastener, the valve stem or
the disk. Past pump failures fall into two general categones,
electncal problems resulung in falure w start on demand
and mechamcal problems that cause a running pump 10
stop or fail 1o provide rated firw. The plugging of fluid
lincs generally results from presence of sediment or
precipitation of compounds from saturated flmd.

Foliowing the flow chartof Figure 17.3-3, the designer
would determine more details about each failure mode,
including pieceparis most likely to fail and the frequency
of each failure mode category or piecepant failure. This
would result in a list of the dominant failure modes 10 be
considered for the O-RAP. ASME Section X1 requirement
for mservice inspection and other mandated inspectons
and test would be idenuified, as indicated in
Figure 17.3-5.

Examples of the types of failwe modes that could
impactreliability of these idenufied components are shown
n Table 17.3-3. The table 15 not a complete lisung of
imporant failure modes, but 15 intended 1o indicate the
types of failures that would be considered.

¢. lIdentification of Maintenance
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Reguirements

For each idenufied failure mode the appropriate
maintenance tasks will be identfied 10 assure that the
failure mode will be (a)avoided, (b) rendered insigmficant,
or (c) kept 1o an accepiably low probability. The type of
mamtenance and the mamienance frequencies are both
important aspects of assuring that the equipment faiure
raie will be consisient with that assumed for the PRA. As
indicated m Figure 17.3-6, the designer would consider
periodic testing, performance tesung or penodic prevenive
maintenance as possible O-RAP acuvities 1o keep failure
rates acceptabie.

For the SLCS relief valves, which normally have no
cycles duning operation, A visual mspection for leakage
and penodic inspections of nternals are judged w be
appropriate. The pumps can be functionaily tested
peniodicaily for ability 1o start and run and vibration can be
measured during funcoional tests to detect potental
mechanical problems. Detailed disassembly, inspecuon
and refurbishment would be done less frequently. To
arevent line plugging the storage tank can be sampled for
sediment and/or iquid saturauon, with appropriate cleaning
or temperature increase as necessary. Examples of
maintenance activibes and freguencies are shown in Table
17.3.3 for each identified failure mode. The D-RAP will
include documentation of the basis for each suggesied

O-RAP activity.

17.3.12. Glossary of Terms

ATWS Antcipated Transient Without Scram

CDF The core damage frequency as calculated
by the PRA

D-RAP Design Rehability Assurance Program
performed by the plant designer 1o assure
that the plant 1s designed so thai it can be
operated and maintained in such a way
that the reliability assumptions of the
PRA apply throughout plam hife.

Fussell- A measure of the component contribution

Vesely 1o sysiem unavailability. Numerically,

importance the percentage contnibution of component
10 sysiem unavailabihty.
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GE-NE GE Nuclear Energy, ABWR plant

designer.

The utility or other organization that owns

and operates the ABWR following

Owner:
Operator

O-RAP Operatonal Reliability Assurance
Program performed by the plant owner/
aperator o assure that the plant 1s operated
and mamtained safely and in such a way
that the relwability assumpnions of the PRA
apply throughout plant life.

A poruon of a (nsk-significant) component
whose failure would cause the failure of
the component as 2 whole. The precise
definition of a “piecepart” will vary
between component types, depending
upon their compiexity.

PRA Probabilistic nsk assessment performed
widentify and quanufy the nsk associaied
with the ABWR.

Piecepar:

Risk- Those SSCs which are wentified as

Sigrificant  comributng significantly to the system
sabslity.

S8Cs Structures, systems and components

identified as being important to the plant

operation and safety.

17.3.13  COL License Information

173.13.1
for D-RAP

Policy and Implementation Procedures

The COL applicant will specifiy the policy and
implementabon procedures for using D-RAP
wformation. (See Subsection 17.3.1)

17.3.132  D-RAP Organization

The COL apllicant completung its detailed design
and equipment selection during the design phase, must
submit its specific D-RAP organization for NRC
review. (See¢ Subsection 17.3.5)

17.3-7
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173133 Provision for O-RAP

The COL apphcant will provide a compietc O- RAP
i0 be reviewed by the NRC. (See Subsection 17.3.9)

17.3.14 Reference

(1) E.V.Lofgren, et al., A Process for Risk- Focused
Maintenance, SAIC, NUREG/CR-5695, March 199]
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RISK SIGNIFICANT
SSCs IDENTIFED
BY PRA
SYSTEM
FAULT TREE i COMPO!:(E;:T -
RECALCULATION REDES
RELIABILITY ASSESSMENT YES ARE PRA RESULTS YES
IN DESIGN PHASE - SIGNIFICANTLY CHANGED | g
ARE FAILURE RATES > BY HIGHER FAILURE
THOSE IN PRA? RATE?
NO NO
IS COMPONENT YES
YE
DOES SSC FAILURE HAVE ES REDESIGN FEASIBLE.
A LARGE IMPACT ON PRACTICAL AND COST EE—
SYSTEM UNAVAILABILITY? EFFECTIVE?
NO NO
SSCs FOR O-RAP

Figure 17.3-1. Design Evaluations for SSCs
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RISK-SIGNIFICANT SSCs
FOR O-RAP

ASSESSMENT PATH A
YES
DOES FAILURE HISTORY
IDENTIFY CRITICAL FAILURE
MODES AND PIECEPARTS?
NO
ASSESSMENT PATH B ASSESSMENT PATHC
——— IDENTIFY EXISTING
IDENTIFY CRITICAL FAILURE MAINTENANCE-RELATED
MODES AND PIECEPARTS ACTIVITIES AND
USING ANALYTICAL METHODS REQUIREMENTS

' .

DEFINE DOMINANT
FAILURE MODES TO IDENTIFY MAINTENANCE

: DEFEND AGAINST REQUIREMENTS

Figure 17.3-2. Process for Determining Dominant Failure Modes of Risk-Significant SSCs |
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INFORMATION NEEDED

+ INPUT FROM ACGEPTED
INDUISTRY DATA BASES

« CONSULTATION WITH
KNOWLEDGEABLE
ENGINEERING, OPERATIONS
AND MAINTENANCE
PERSONNEL

« ROOT CAUSE ANALYSIS

+ DESIGN REVIEWS

« SYSTEM WALKDOWNS

23A6100AQ
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ASSESSMENT PATH A

DATA ASSESSMENT TO
ESTABLISH FAILURE HISTORY

DETERMINE THE ANALYSIS
BOUNDARY (INDIVIDUAL
COMPONENT, COMPONENT TYPE
IN SIMILAR APPLICATIONS, ETC))

FROM FAILURE HISTORY,
CONSTRUCT LIST OF FAILURE
MODES/CAUSES AT PILCEPART
LEVEL

F APPROPRIATE, DEVELOP
FAILURE MODE CATEGORIES AND
ASSIGN EACH PIECEPART
FAILURE TO A CATEGORY

Y

OF (AIN OCCURRENCE
FREQUENCY OF EACH CATEGORY
{OR PIECEPART FAILURE)

DEFINE THE DOMINANT FAILURE
MCOE LiST FROM DATA
CONSIDERATIONS

Figure 17.3-3. Use of Failure History to Define Failure Modes
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INFORMATION NEEDED ASSESSMENT PATH B
———
ENGINEERING DIAGRAMS OF oum:;rstgvgw
CRITICAL COMPONENT UNDER :
ASSESSMENT |
PERFORM A FAULT TREE OR

FMEA ANALYSIS ON

COMPONENTS TO

PIECEPART LEVEL

IDENTIFY:

« SINGLE PIECEPART FAILURES THAT FAIL THE
COMPONENT'S FUNCTION (AND THAT ARE
LIKELY TO OCCUR),

« LATENT PIECEPART FAILURES NOT .
DETECTED THROUGH ORDINARY DEMAND
TESTING,

+ PIECEPART FAILURES THAT HAVE COMMON
CAUSE POTENTIAL, INCLUDING BY AGING OR
WEAR,

+ PIECEPART FAILURES THAT COULD CASCADE
TO MCRE SERIOUS FAILURES.

DEFINE THE DOMINANT
FAILURE MODE LIST FROM
ANALYSIS CONSIDERATIONS

Figure 17.3-4. Analytical Assessment to Define Failure Modes }
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INFORMATION NEEDED | ASSESSMENT PATH C
> IDENTIFY PLANNED
+ ASME SECTION X REQUIREMENTS
b - MAINTENANCE PROGRAM AND
» VENDOR RP.F.OMML\DAT]O.\S REQU]REMENTS
« BQ REQUIREMENTS
« TECHNICAL SPECIFICATION }
FOR TESTING & CALIBRATION
S LIST ALL MAINTENAN l
REGULATORY-MANDATED ALL CE
REQUIREMENTS REQUIREMENTS AND
RECOMMENDATIONS FROM
ALL SOURCES
PARTITION LIST INTO THOSE MAINTENANCE
REQUIREMENTS AND RECOMMENDATIONS ACTUALLY
PLANNED AND THOSE THAT ARE NOT
: MAINTENANCE
e RECOMMENDED BUT
. NOT PLANNED
RECORD RATIONALE RECORD RATIONALE
FOR PERFORMING THE FOR NOT PERFORMING
MAINTENANCE THE MAINTENANCE
IDENTIFY FAILURE IDENTITY FAILURE
MODES AFFECTED AND MODES NOT PROTECTED
FREQUENCY OF BY MAINTENANCE
MAINTENANCE {F ANY)
DEFINE THE
DOMINANT FAILURE
MODES

Figure 17.3-5. Inclusion of Maintenance Requirements in the Definition of Failure Modes |
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DOMINANT FAILURE MODES
OF RISK-SIGNIFICANT §SCS

1 YES
DOES SSC REQUIRE PERIODIC | G
RBOUIRE r———b SPECIFY REQUIRED
|
NO
f i -
1 DOES SSC REQUIRE | YES SPECIFY
| PERFORMANCETESTING? |  PERFORMANCE
3 | MONITORING
NO
| oas S aei PERIODIC YES
% PREVENTIVE MAINTENANCE? [ SPECIFY PERIODIC PM
L
NO
DOCUMENT. FOR |
OWNER/OPERATOR,
MAINTENANCE ACTIVITIES

AND BASES, PLUS
UNCERTAINTIES, FOR THE
RISK-SIGNIFICANT SSCS

O —

Figure 17.3-6. ldentification of Risk-Significant SSC O-RAP Activities
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PRIMARY
CON lAl\MF’!ﬂ

T, \'N!\II
SAMPLING
sysrem - - - b

-
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=
ASME :
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Figure 17.3-7. Standby Liquid Control System (Standby Mode)
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SLC FAILS TO
DEUIVER 50 GPM
BORATED WATER
‘ 3 G1
FAILURE OF
BOTH SLC BOTH PUMP BOTH PUMP BORATED
PUMPS TO SUCTION DISCHARGE WATER NOT
DELIVER VALVES FaIL VALVES FALL AVALABLE AT
BORATED CLOSED CLOSED PUMP
WATER TO SUCTION
DISCH
G2 G7 G10 G13
FAILURE TO
INITIATE
A
e
MANUAL FAILURE TO AUTOMATIC FAILURE
INITIATE TO INITIATE
[‘ G2s
OPERATOR SIGNAL TO
FAILS TO INITIATE
NITIATE FAILURE

O AN

SLCOOYHE G23
1. 00E-

Figure 17.3-8. Standby Liquid Control System Top Level Fault Tree
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18.4 CONTROL ROOM
STANDARD DESIGN
FEATURES

18.4.1 Introduction

This secuon presents, 1 Subsecuon 1842, the
standard design features of the HSI in the control room.
These basic design features are based upon proven tech.
nologies and have been demonstrated, through broad
scope control room dynamic simulation 1ests and evalu-
ation, 10 sausfy the ABWR operator interface design
goals and design bases as given in Secuon 18.2. The
specific tecknologies uulized in the main control room
HSI are listed ', Subsection 1843, Appendix 18C
presents an example of a control room HSI design im-
p.+ mentauon which incorporates these design features.
Validation of the implemented main control room de-
sign will include evaluation of the standard design fea-
tures and will be performed as part of the design imple-
mentation process as defined by the acceptance criteria
presented in Tables 18E.2-1 through 18E.2-4.

18.4.2 Standard Design Feature
Descriptions
18.4.2.1 Listing of Features

The ABWR control room HS! design incorporates
the following standard feawres:

a A single, integrated control console staffed by
iwo operators: the console has a low profile
such that the operators can see over the console
from a seated position.

b. The use of plant prucess computer system
driven on-screen control video display units
(VDUs) for safety sysiem monitoring and non-
safety system control and monttonng.

L. The use of a separaie sel of on-screen control
VDUs for safety system control and moniior-
g and separaie on-screen control VDUs for
non-safety system control and monitoring; the
operauon of these two sets of VDUs is entirely
independent of the process compoter system.
Further, the first set of VDUs and all equip-
ment associated with their functions of safety
sysiem contro! and monuoring are divisionally
separate and qualified 1o Class 1-E standards.

d The use of dedicated functon switches on the
control console.

Amendment 26
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Operatwor selectable automation of pre-defined
plant operation seguences.

The incorporation of an operator selectable
semi-automated mode of plant operations,
which provide procedural guidance on the con-
ol console VDUs

The capability to conduct these all plant opera-
tons in an operator manual mode.

The incorporation of a large display panc!
which presents information for use by the en-
ure control room operating staff.

The inclusion on the large display panel of
fixed-position displays of key plant parameters
and major equipment status.

The inclusion in the fixed-position displays of
both 1E-gualified and non-1E display elements.

The independence of the fixed-position displays
from the plant process compuier.

The mclusion within the large display panel of
a large video display unit which is driven by
the plant process computer sysiem.

The incorporation of a “monitoning only™ su-
pervisor's console which includes VDUs on
which display formats available to the opera-
1ors on the main control console are also avail-
able i the supervisors.

The incorporation of the safety parameter dis-
play sysiem (SPDS) function as pan of the
plant status summary information which is
contingously displayed on the fixed-position
displays on the large display panel.

The use of fixed-position alarm tiles on the
large display panel.

The application of alarm processing Iovic to
pnoriuze alarm indications and 1o filier unnec-
essary alarms.

A spaual arrangement between the ‘arge dis-
play panel, the main control console and the
shift supervisors’ console whach aliows the en-
ure control room operating crew (o conve-
mently view the information presented on the
Class 1E large display panel.

1843
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"3 The use of VDUs 1o provide alarm information
in addition to the alarm informavon provided
via the fixed-position alarm tiles on the large
display panel.

The remainder of this subsecton provides further
descriptions of these standard design features.

18.4.2.2 Main Control Console

The main control console comprises the work sta-
wons for the two control room plant operators. It 1s
configured such that each operator is provided with con-
trols and monitonng informauon necessary o perform
their assigned tasks and allows the operators 1o view all
of the displays on the large display panel (see¢
Subsection 18.4.2.7) from a seated position.

The main control console, in concert with the large
display panel, provides the controls and displays required
1o operate the piant dunng normal plant operations, ab-
normal events and emergencies. These main control
console controls and displays include the following:

1. On-screen control VDUs for safety sysiem
monitoring and non-safety system control and
monioning which are dniven by the plant pro-
cess compuler system (see Subsectic:
184.2.3).

2. A separaie set of on-screen control VRUs for
safety sysiem control and monttoring and sepa-
rale on-screen control VDUs for non-safety sys-
tem controi and monitoring; the operation of
these two sets of VDUs is entrely independent
of the process computer system. Further, the
first set of VDUs and all equipment associated
with their functions of safety system control
and monitoring are divisionally separale and
qualified to Class 1E standards (see Subsection
184.24)

. Dedicated function swiiches (see Subsecuon
18425

The main control console is also equipped with a
timited set of dedicated displays for selecied functions
(e.g., the standby higuid control system and the synchro-
nization of the mamn generator 1o the electrical gnd).

In addition to the above equipment, the main con-
wrol console is equipped with both inta-plant and exter-
nal commuiacations equipment and a laydown space 15
provided for hard copies of procedares and other docu-
ments required by the operators during the performance
of their dutes.
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18.4.2.3 Process Computer Driven VDUs

A set of on-screen control VDUs is incorporated
into the main control console design 10 sapport the fol-
lowing acuviues:

) monitonng of plant systems, both safety and
non-safety related,

2 control of non-safety system components,

3. presentation of system and equipment alarm
mformaton,

This set of VDUs 1s driven by the plant process
computer system. Thus, daia collecied by the process
computer is available for monstoring on these VDUs.
All available display formats can be displayed on any of
these VDUs.

18.4.2.4 Process Computer Independent
VDUs

A set of VDUs which are independent of the process
compuier are also installed on the main control console.
These VDUs are each driven by independent processors.
They are divided into two subsets:

The first subset consists of those VDUs which are
dedicated, divisionally separated devices. The VDUs in
this group can only be used for monitoring and control
of equipment within a given safety division. The VDUs
are qualified, along with their supporting display pro-
cessing equipment, 1o Class 'E standards.

The second subset of process computer independent
VDUs are used for monitoring and control of non-safety
plant systems. The VDUs in this subset are not quali-
fied w Class 1E equipment standards.

18.4.2.5 Dedicated Function Switches

Dedicated function switches are instalied on the
main control console. These devices provide faster ac-
cess and feedback compared w that obtainable w .« soft
controls. These dedicated switches are implemented in
hardware, so that they are located in a fixed-position and
are dedicated in the sense that each individual swilch is
used only for a single function, or two very closely re-
lated functions {e.g.. vaive open/Close).

The dedicated function switches on the main control

console are used 1o support such functions as initiation
of antomated sequences of safety and non-safety sysiem
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TABLE 18B-! (Cont'd)
DIFFERENCES BETWEEN BWROG EPG REVISION 4 AND ABWR EPG

ABWR BWROG DIFFERENCES FROM BASIS FOR DIFFERENCES
EPG STEP | EPG REV. 4 BWROG REV. 4 EPG
STEP
RC/Q-7.2 RC/Q-72 Deleted the following phrases: These steps are apphcable to the
* drain the scram discharge convenuonal hydraulic locking-piston drives
volume, ", “Increase CRD and are not applicable to the ABWR
cooling water differenual FMCRD:s.
pressure”, and “Vent control
rod drive overpiston
volumes™.
Primary Primary Deleted the phrase: This entry condition 18 apphicabie only to
Comamment | Containment “Containment temperature BWRs with Mark III containments. Refer to
Control Control above |90 “F(containment basis for deleting the CN/T subsection given
Entry Entry temperature LCO)]" below.
Condiions | Conditions
- CON/T Deleter entire section. The control functions specified in this
section, operation of containment cooling,
imuation of suppression pool sprays, and
performing an RPV depressurization when
containmen! temperature cannot be
mamtained below a prescribed limit, are
control funcuons that are already specified in
subsection SP/T of the ABWR EPGs.
Subsecuon CN/T of the BWROG EPGs is
developed specifically for the BWR/6 Mark
111 containment where temperature can be
controiled by the previously stated control
functions. The ABWR containment,
although 1t incorporates the concept of a
Mark Il suppression pool, is analogous to a
Mark 11 BWR containment for the purpose of
controlling the wetwell space temperatur..
DWIT, DW/T, Added phrase: “shutdown the The BWROG EPGs assumed that other plant
W/T-t —_ reactor” at the end of Step procedure steps will shutdown the plant at

DW/T, and added a second pan
w DW/T-1, “When drywell
teraperature cannot be
mamtained below (103 °C
(Satgration temperature
comresponding 1o hugh drywell
pressure scram stpomt)],
enter [procedure developed
from the RPV Control
Guidehine] at [Step RC-1] and
execute i concurrently with
this procedure”.

the Technical Specificavon LCO lLimit.
Adding the instruction to shutdown the
reactor allows shutdown by running back the
recirculation pumps and nserting control
rods, and then proceed to scram the reactor as
specified in the second paragraph of Siep
DW/T-1. Adding these steps does nol
change the intent of the EPGs and makes
DW/T consistent with the other primary
containmen! SeCUONS,

Amenament 26
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TABLE 18B-1 (Cont'd)
DIFFERENCES BETWEEN BWROG EPG REVISION 4 AND ABWR EPG

DIFFERENCES FROM
BWROG REV. 4 EPG

BASIS FOR DIFFERENCES

“elevation of bottom of
mternal suppressicn
chamber to dry.vell
vacuum breakers less
vacuum breaker opening
pressure in feet of water™,
with the phrase,
“elevation of the bottom
of suppression pooi-to-
lower-drywell vent”

Dejeted phrase
“recirculation pumps”
from instruction to
shutoff recirculation
pumps and drywell
cooling fans pror o
drywell spray smitiation.

Specify RHR pumps used
for drywell spray as
“RHR subsystems B and
CIV

Specified the use of the
firewater addibon system
if RHR(B) and RHR(C)
are not available for

drywell sprays.

In the ABWR containment, vents are provided
connecting the upper drywell to the lower
drywell. When the wetwell-to-drywell vacoum
breakers open, flow is from the wetwell to the
lower drywell and then from the lower drywell to
the upper drywell through these vents. The
vaccum breakers are located above the vents.
Water can also spill 1o the lower drywell from the
suppression pool if pool level reaches the vents.
Water can also flow from the lower dry vell to the
suppression pool if lower drywell is flooded to
the eievation of thse vents. For these reasons, 1t
1s appropriate to spray the drywell only when
suppression pool water level 1s below the botiom
of the upper drywell to lower drywell vents to
preclude drywell differential pressure capability to
be exceeded.

The ABWR has internal recirculation pumps,
drniven by motors located below the RPV in the
lower portion of the drywell. Drywell spray only
sprays the upper portion of the drywell. An
explicit instruction to shut down the recirculation

pumps is not required.

RHR subsystems B and C provide drywell and
wetwell spray capability. Initiation of sprays is
by manual control action. It is possible to
initiate spray when RHR B or C is operating in
other modes by opening spray valves.

The firewater addition system 15 described in
Subsection £4.7.1.1.10. The specific purpose of
the fire addition system is to provide makeup 1o
the RPV 10 extend the station blackout capability
of the ABWR, but it can be used for drywel! and
wetwell sprays if no other systems are available

for sprays.

ABWR BWROG
EPG STCP | EPGREV. 4
STEP
DW/T-2 DW/T-2
Amendment 22
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of the M-MIS. Then, top level reguirements
for rehiability and maintainability procedures,
verification and validation procedures, and
configuration control procedures arc ad-
dressed.

Operator Team; Chapter 10, Section 3.1.2, Rev
A

The M-MIS shall be designed to eliminate task
requirements that are difficult for members of
the operator team to consistently satisfy; task
responsibilities shall be distributed evenly so
that some members of the operator team are
not overburdened while others are idle; and
task responsibilitics shall be assigned to differ-
en! positions within the operator team io pro-
vide career opportunities while remaining com-
patible with personncl qualification and train-
ing reguirements.

Engincering Rationale

Task requirements, or what members of the
operator tecam are required to do, are deter-
mined by system and organization functions,
Sustem functions dictate what and how well
something has to be done to safely operate the
plent. Ogsganizational functions dictate what
has to be done 10 plan, coordinate, and super-
vise M-MIS operations. Both sets of functions
will be considered when making decisions
about how functions will be allocated between
men an machines and when defining task re-
quirements, along with related staffing levels
and training requirements. A survey and analy-
sis of work structures in nuclear power plants is
provided in EPRI NP-3141

Data Processing; Chapter 10, Sections 3.1.3.1
and 3132 Rev. A

Data processing shall be performed an a plant
wide, common data base which shall contain all
of the data needed 1o produce integrated dis-
plays, alarms, and controls for members of the
operator team as well as all of the information
needed for automatic controls, including the
engincered safety feature (ESF) system.

Engincering Rationale

Amendment 12
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The M-MIS performance objective can only be
achieved when a comprehensive data base is
provided. A comprchensive data base will
permit individual signals to be vahidated before
subscquent processing and minimize the poten-
tial for providing conflicting information among
different elements of the M-MIS.

Section 3.1.3.2

Signal validation shall be a central and impor-
tant part of data processing. Signal validation
shall be performed for all incoming signals af-
fecting monitoring, controliing, and protection
functions. The results of signal validation shall
be attached 1o the process variable in the form
of & data quality code. The code shall be used 1o
determine the quality of subsequent derived
varisbles. Operators shall be able to determine
the quality of data when needed and shall be
alerted 1o anv data for which the guality is sus-

pect.
Engincering Rationale

Signal validation is very important if faulty sen-
sors, cabling, or processing are to be rapidly de-
tected and corrected. This requirement mini-
mizes the possible selection of a control action
that is based upon invalid or questionable pro-
cess variables. Also, salient indication of poor
quality process data values will facilitate early
climination of the source of the faulty data and
shall improve the aperator’s ability to make ef-
fective decisions.

Codes, Standards, and Requirements; Chapter
10, Section 3.2.1, Rev. A

The M-MIS design shali meet all current NRC
requirements. Consideration shall also be given
to good design and implementation practices, as
outlined in Table 10.3-1, by IEEE, ANS, 1EC,
and ANSI standards.

Engincering Rationale
Adherence to current NRC requirements will
increase the probabslity of achieving a hcensable

design. Use of the various industry standards as
a design basis will address the technical consid-
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erations of various professional socicties and lcad
1o a degree of standardization.

ABWR Resolution

An on-going program for the design of instru-
mentation and control systems, and man-machine
interface incorporates all the stated ALWR
human factors engincering requirements. The
design bases, approach, and acceptance criteria
are giveu in Chapter 18 of the SSAR. In
addition, a COL license information reguirement
is included in Section 19B.3.8 to ensure the estab-
lishment of an interdisciplinary design review
group and reviews for site specific design and
construction work. Thercfore, this issue is re-
solved for the ABWR.

19B.2.26 Maintenance and Surveillance

Program

Maintenance and Surveillance Program
[HF 02.1}[HF%}

Isswe Summary

The NRCs current regulatory approach to nu-
clear power plant maintenance is concentrated on:
{1) quality assurance ring design, construction, and
operation for safety resated structures, systems and
components (10CFRS0, Appendix B), and (2) surveil-
lance requirements to assure that the necessary avail-
ability and quality of such svstems and components is
maintained {10CFRS50.36). NRC additionally requires
reporting of significant events (10CFRS0.72), includ-
ing personnel errors and procedural inadequacies
which could prevent fulfillment of safety functions and
allow exceeding of technical specification limits.
However, the NRC is concerned that their rules and
regulations provide no clear programmatic treatment
of maintenance.

The maintenance and Surveillance Plan is in-
tended to integrate the NRCs effort to assure effec-
tive nuclear power plant maintenance. The program
18 10 address the problems and issues which exist and
to propose development of alternative NRC ap-
proaches to regulating nuclear utility maintenance ac-
tivities. The scope of the program includes all aspects
of maintenance required to carry out a systematic
maintenance and surveillance program. It includes
conventional mamntenance and repair plus such things
as surveillance and test activities, equip-
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ment 1solation, post-maintenance testing, indepen-
dent verification, maintenance management, admin-
istrative control, personnel selection and training,
procedures, and technical documentation.

NRC Resolution Summary

The maintenance and surveillance program is
resolved by the Commission Published Final Policy
Statement on Mainienance of Nuclear Power Plants
on March 23, 1988. No additional requirements
were warranted.

ABWR Resolution

The NRC resolution being a regulatory impact is
not an LWR design issue. Therefore, this issue
should be dropped for the ABWR.

198.2.27 Seismic Design Criteria
Seismic Design Criteria [A-40]
issue Summary

The current scismic design sequence includes
many conservative factors. Certain aspects of the
sequence may not be conservative for all plant sites.
At present, it is beheved that the overall sequence is
adequately conservative. The objective of this
program is to investigale selected areas of the
seismic design sequence to determine their |
conscrvatism for all types of sites, to investigate
alternate approaches to parts of the design sequence,
to quantify the overall conservatism of the design
sequence, and to modify the NRC criteria in the
Standard Review Plan if changes are found 1o be
justified. In this manner, this program will provide
additional assurance that the health and safety of the
public is protecied, and if possible, reduce costly
design conservatisms by improving current seismic
design requirements and NRRs capability to
quantitatively assess the overall adequacy of seismic

design for nuclcar plants in general.
NRC Resolution
This issue was resolved by the publication of

Revision 2 to SRP Section 252,3.71,372 and 3.73
in August 1989,
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19J.4 OPERATOR ACTIONS

Three types of operator actions are critical to the
SCET<. The first is the use of the firewater system
to mitigate the effects of the accident. The second i
the manual initiation of the RHR system after some
loss ~f power cases. The third casc is the dosure of
the RHR suction valves after the carthquake causes
a pipe break in this system.

19J.4.1 Firewater Injection Initiation

The firewater system is use 3 in two ways in this
analysis. The first mode is 1o inject water into the
vessel following loss of all core cooling. Except in
cases where the RCIC is initially available there is &
limited period of time available to begin imjection
into the vessel, about 20 minutes to diagnose and
begin firewater injection. Based on this time a value
of (1.9 was sclected for the combined reliability of the
operator and the system to perform this action.

Secondly, for the cases where the RCIC is initially
available, about B hours is available for the operator
to prepare to initiate the firewater system to prevent
core damage. Under these conditions the operator is
aware that the RCIC may not operate for more than
R hours, so he would prepare 1o initate the firewater
system when required. This would include ensuring
that pumping power was available by acquiring a fire
truck if necessary. Thercfore, a value of 0.999 was
used for the operator reliability under these circum-
stances (See Subsection 19K.42.5). The availability
of the firewater system to inject if called upon s
based on the results from the scismic acadent events

The third type of firewater use is that which fol-
lows a loss of all core cooling where the operator
failed 10 begin the frewater addition system before
vessel fatlure occurred. In this case the firewaier
system 15 to be used in drywell spray mode. Several
hours are allowed for this action. Using the logic
about for vessel injection where the RCIC was ini-
tially available, a value of 0.999 was used for the op-
erator reliability. The firewater system availubility is
based on the seismic accident events analysis.

19].4.2 Power Transformer Bypass

A mechanism for loss of core cocling following
an carthguake s the loss of the divisional 480V AC
power or the divisional 120V AC power. The weak-
est clements in these systems are identified in the
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seismic faukt tree, Figure 191.2-7, as the transformer, l

ETR6C], with median capacity 1.5g and the invertier,
EIVOF1H, with median capacity 1.3g. These cle-
ments are required to power imitiation of the ECC
and RHR svstems. However, it is possible to manu-
ally initiate either of these systems as described
below.

The first step that the operator should take is 1o
manually open the reguired valves for the system to
operate. In the case of the RHR system, the oper-
ator should open the injection valves of the RHR
system and the appropriate service water valves.
These actions wowld normally be provded automati-
cally using 120V AC.

After the valves are properly aligned, the opera-
tor should manually close the breakers to provide
power 10 the pumps. This action, normally nitiated
automatically using 480V AC may be performed from
the remote shutdown panel if necessary. The
pumps then run directly from the 6.9kV power.

The actions required of the operators to perform
these actions are very similar 10 those to initiate the
firewater addition system described above. There-
fare, the reliability used for the firewater system is
also used for this transformer bypass. For the same
reason, no credit is taken for the firewater system if
the operator fails to perform the transformer bypass.

19).4.3 RHR Isolation to Prevent Suppres-
sion Pool Drain

If the RHR heat exchanger anchorage fails, it is
possible for a pipe to break, allowing flow from the
suppression pool to the pump room. M power is
available the operator has sufficient means and indi-
cation 10 isolate the RHR system, preventing the
suppression pool from being drained.  The reliability
of the operator to isolate the RHR s discussed in the
seismic event tree analysis, Subsection 191.4.2.6.
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430.56

Clarify whether primary containment purging during normal plant operation when required to
limit the discharge of contaminants to the environment will always be through the SGTS (Sce
SSAR Section 6.5.1.2.3.3). Clarify whether such a release prior to the purge system
isolation has been considered in the LOCA dose analysis,

Provide the compliance status tables referred to in lems (a) and (¢) above for the control
room ESF filter trains. (The staff notes that you have committed 1o discuss control rcom
ESF filter system under SSAR Scction 9.4.1. However, since evaluation of the contro! room
habitability svstem cannot be completed until the information wdentified above is provided,
the above information is requested now.)

ldentify the apphicable interface requirements for the SGTS and the control room ESF
atmosphere cleanup system.

Regarding Fission Product Control Systems and Structures (6.5.3)

(a)

(®)

()

43057

Provide the drawdown time for achieving a negative pressure of 0.25 inch water gauge for the
secondary containment with respect to the environs during SGTS operation.  Clarify whether
the unfittered release of radioactivity to the environs during this time for a postulated
LOCA has been considered in the LOCA dose analysis. (Note that the unfiliered release need
not be considered provided the required negative pressure differential is achieved within 60
seconds from the time of the accident )

Provide justification (See SRP Section 6.53, 11.4) for the decontamination factor assumed
in SSAR Table 6.5-2 and 15.6-8 for iodine in the suppression poel, correct the clemental,
particulate and organic iodine fractions given in the tables to be consistent with RG 1.3,
and incorporate the correction in the LOCA analysis tables. Alternatively, taking no credit
for iodine retention in the suppression pool, revise the LOCA analysis tables. Note that
the revision of the LOCA analysis tables {this also includes ihe control room doses)
mentioned above is strictly in relation to the iodine retention factor in the suppression
pool (also, there may be need for revision of other parameter(s) given in the tables and
these will be identified under the relevant SRP Sections guestions).

Identify the applicable interface requirements.

Regarding SSAR Section 6.7, the staff notes that the Nitrogen Supply System has been discussed
under this section, instcad of the Main Stecam Isolation Valve Leakage Control System (MSIV-LCS) as
required by the Standard Format for SARs. The staff will review the material presented in SSAR
Section 6.7 along with the material that will be presented in SSAR Section 93.1.

Regarding MSIV-LCS, the staff notes that you are committed to provide a non-safety related MSIV
leakage processing pathway consistent with (hose evaleated in NUREG-1169, "Resolution of Generic
Issue C-8," August 1986, Since the staff has not finalized its position so far on the acceptability
of the NUREG findings with regard to the design of the MSIV-LCS, provide pertinent information on the
system design including interface requirements to evaluate the to-be-proposed design against the
acceptance criteria of SRP 6.7, (6.7)
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44078
In the ABWR design, the HPCF is tested by taking suction from and returning water to the
suppression peol. Normally the suppression pool water is a lower quality than that of the CST;
therefore, draining, flushing and refilling the system is required prior to returning the system to
standby after testing. Please discuss the pros and cons of using the CST for testing the HPCF
system. (6.3)
440.76
Address the following TMI-2 action items related to ECCS. (6.3)
{(a) NK15
(b) HK1.10
(c) MK317
(d) K318
(¢) K321
(Hh HK325
(g) HK330
(h) NK331
43077

Confirm that the HPCF sysicm meets the guidelines of Regulatory Guide 1.1 regarding pump Net
Positive Suction Head (NPSH). (6.3)

44078

SRP 6.3 identifies GDCs 35, 36, and 37 in the acceptance criteria. Confirm that the HPCF system,
described in Chapter 6.3 of the SSAR, meets the requirements of the above GDCs. (6.3)

440.7%

Normally, the HFCF pump takes suction from the Condensate Storage Tank (CST). But, the CST is not
seismically qualified or safety related. Confirm that the system piping and level transmitters,
which interface with CST, will be designed and installed such that the automatic switchover 1o the
suppression pool takes place without failure. (6.3)

450,80

What is the minimum quantity of water required in the condensate storaee tank (CST) for HPCF
operation? Give the basis for the required quantity of water in the CST. (6.3)
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202.15 Chapter 15 Questions
42028

Section 15.A.2.2 defines “Safety” and “Power Gencration.” The staff did not locate definitions
for “important to safety” and "safety related” which are used in Chapter 7. (15A)

420.96

The safety system auxiliaries {Figure 15A.6-1) should be modified to include any HVAC reguired
1o assure continued operation of the clectronics. {15A.6)

420118

Describe when appropriale operator action in seconds is required to prevent significant
radiological impact. (15.2.4.5.1)

420,122

Is the instramentation required for the operator to venify bypass valve performance and rehiel
valve operation 1E or N-1E? (15222.14)

420123

SSAR 15B 4 describes the essential multiplexing system (EMS) in some detail. SSAR Figure 7A 2-1
states that the design is not limited to this configuration. It is our understanding that the EMS
design is still in a preliminary design stage. Is SSAR 15B.4 stili accurate and is the design
limited to that configuration? (15B4)

420,124

The FMEA submitted in SSAR 15B.4 is inadejuate for a safety evaluation supporting the design
certification. The FMEA appears 1o the staff to be oversimplified with onc line item cach for
component failures and does not address potential software complications. The staff regrests
clarification of how this FMEA was developed given that the system design has not been finalized.
The staff also believes that software failures need to be evaluated. The failure modes investigated
should include, as a minimum, stall, runaway, lockup, interruption /restoration, clock and timing
faults, counter overflow, missing /corrupt data, and cffects of hardware faulis on software. (15B4)

430.58

The accident analyzed under this seciion considers only the airborne radioactivity that may be
released due to potential failure of a concentrated waste tank in the radwaste enclosure. The SRP
acceptance criteria, however, requires demonstration that the liguid radwaste concentration at the
nearest potable water supply in an unrestricted arca resulting from transport of the liquid radwaste
tu the unrestricied area does not exceed the radionuclide concentration limits specified in 10 CFR
Part 20, Appendix B Table 11, Column 2. Such & demonseration will require information on possible
dilution and/or decay durisg transit which, in turn, will depend uwpon site specific data such as
surface and ground water hydrology and the parameters governing liquid waste movement through the
soil. Additionally, special design features (e.g., steel liners or walls in the radwaste enclosure)
may be provided as part of the hiquid radwaste treatment systems at certain sites. The staff will,
therefore, review the site specific characteristics mentioned above individually for each plant
referencing the ABWR and confine its review of ABWR, only 10 the choice of the liquid radwaste tank.
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Therefore, provide information on the following: (15.7.3)

{a) Basis for determining the concentrated waste tank as the worst tank (this may very well be
the case, but in the absence of information on the capacities of major tanks, particularly
the waste holdup tanks, it is hard to conclude that the above tank both in terms of
radionuclide concentrations and inventories will turn out to be the worst tank).

(b) Radionuclide source terms, particularly for the long-lived radionuchides such as Cs-137 and
Sr-90 (these may be the critical isotopes for sites that can claim only decay credit during
tramsit) in the major liquid radwaste tanks.

440.108

Provide further justification for the fact that the input parameters and initial conditions for
analyzed events are conservative. Provide a list of what paramenters will be checked at startup and
which wil! be in the Technical Specifications. You should define the range of operating conditions
and fuel types for which your input parameters will rema'n valid. For example, would these
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RESPONSE 43031

The plant protection signais that automatically ivclate the secondary containment and activate the
SGTS are:

(1) Secoadary containment high radiaiion signal.

2 Refuchng floor mgh radiation signal.

(3) Drvwell pressure high signal.

(4) Reactor water level low signal.

(5 Secondary containment HVAC supply/extiaust fans stop.

Isolation of the secondary containment is accomplished by closure of the sccondary containment
HVAC supply/exhaust line ducts which pass through the secondary containment boundary. The HVAC
isolation valves consist of two vaives in series in cach of the supply/exhaust lines. These valves
are air-operated, normally-open, fail closed butterfly valves,

Further details are provided in Subsection 6.2.3, 9.4.5.1 and Section 6.5

QUESTION 43632

Identify and tabulate by size, piping which is not proviacd with isolation features. Provide an
analysis to demonstrate the capability of the Standby Gas Treatment System to maintain the design ne-
gative pressure following a design basis accident with all non isolated lines open and the event of
the worst single failure of a secondary containment isolation valve to close. {(6.2)

RESPONSE 43032

Responsr to this question will be provided in revised Subsection 6.5.1.3.1 and new Subsection
6.5.5.1,

QUESTION 43033

Discuss the design provisions that prevent primary containment leakage from bypassing the
sccondary containment standby gas treatment system and escaping directly to the environment. Include
a tabulation of potential bypass leakage paths, including the types of information indicated in Table
6-18 of Regulatory Guide 1.70, Revision 3. Provide an cvaluation of potential bypass leakage paths
considering equipment design limitations and test sensitivities. Specify and justify the maximum
ailowable fraction of primary containment leakage that may bypass the secondary containment
structure. The guidelines of BTP 6-3 shouid be addressed in considering potential bypass leakage
paths. (6.2)

RESPONSE 43633

ae secondary contamament completely surrounds the primary containment except at the basemat. In
addition the lower third of the secondary containment is surrounded by soil, thercby reducing leakage
paths. No measurable leakage is expected through its walls except at pencirations. The secondary
containment will be maintained at subatmospheric conditions to prevent leakage from bypassing the
secondary containment. Only valve leakage through process piping can bypass the secondary
containment. This leakage will be monitored a the containment leakage test type C on the outboard
containment isolation vaives. The secondary containment leak rate calculation is provided in the
response to Question 430.52¢.
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tube bundle, initiate power reduction and faulty tube bundle drain down if required, and arrange for water box
entry and leak repair at the carbiest appropriate time.

QUESTION 430.72

Provide the permissible cooling water ir'cakage rate and the allowed time of operation with inleakage.
(10.4.1)

RESPONSE 430.72

The polishing system is sized to meet the chemistry requirements for continuous operation while
operating continuously with a condenser leak of 0.001 gpm and to maintain water quality during an ovderly unit
shutdown (not longer than 8 hours) with a leak of 0.1 gpm until repairs can be made. The design is adequate
to clean up the feed and condensate system during plant heatup and low power operation without limiting plant
startup time. The number and sizing of the 1on exchangers are such that the functional requirements are met
while permitting the replacement of resin in one ion exchanger at a time. The ABWR Standard Plant design
features facilitate replacement of ion exchange resin.

QUESTION 430.73
Provide information on the following items:(104.1)

(a) Provicons incorporated into the main condenser design to preclude component or tube failure duc to
steam blowdown from the turbine bypass system.

(b) Worst possible flood level in the applicable buildings due to complete failure of main condenser and
provisions for protecting safety related equipment located in the buildings against such flooding (note
that ABWR SSAR Section 3.4 does not discus. the turbine building).

RESPONSE 430.73

(a) Specific provisions inside the condenser to preclude condenser tube damage due to turbine bypass stcam
impingement are to be defined by the condenser vendor for cach project. Typically the provision inside
the condenser comsists of a horizontal perforated steam distribution pipe enclosed in & perforated guard
pipe designed to protect the condenser internals from steam impingement. The perforated pipe and its
guard pipe run the full iength of the condenser and are supported above the condenser tube bundie.

(b) Sec revised Subsection 10.4.5.6 for the response to this question.

QUESTION 430.74
Discuss how the components of the main condenser evacuation system (MCES) conform to the

guidelines of Regulatory Guide 1.26, 1.33. and 1.123 with respect to quality group classification and quality
assurance programs.(10.4.2)
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