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Docket No. 52-002,

'

Attn: ' Document Control Desk
E U.S. Nuclear Regulatory Commission
L Washington, D.C. 20555

>

Subject: System 80+" Safety Analysis Report Revisions

Dear Sirs:
e

The attachments to this letter provide markups to CESSAR-DC, as required
by HRC staff, for closure of the corresponding DSER issues. These markups,
and others discussed with staff in the near future, will be printed as part

_

;ef Amendment 0 in May, 1993.

Attachment 1 provides additional revisions to I&C systems-descriptions, in
Chapter 7, which are related to hard-wired backup instrumentation and
controls.

i

Attachment 2 provides revisions to the fire protection system description
in Section 9.5.1. .

Attachment 3 provides revisions to the Chemical and Volume Control System
to reflect the increased powce level for System 80+, minor technical
revisions, and responses to RAls related to materials and water chemistry
controls. Also included in this attachment are materials and chemistry
related revisions to Sections 4.5, 9.2, and 10.3.

,

Attachment 4 provides revisions to the human factors engineering program
,

descriptions in Chapter 18.

Attachment 5 provides revisions to Sections 19.10 to show the PRA's low
sensitivity to the assumed reactor coolant pump seal failure probability.
.This attachment also provides PRA Levels 2 and 3 sensitivity studies,
Section 19.14, and the summary of PRA insights, Section 19.15.
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Attachment 6 provides minor changes to the text and power distribution
figures of Section 4.3.

Finally, Attachment 7 provides the CESSAR-DC revision for DSER open item
20.2-11 (ECGB) on reactor vessel thermal stress.

If you have any questions,- please call me or Mr. Stan Ritterbusch at (203) i

285-5206.
,

!

Very truly yours, I

'

COMBUSTION ENGINEERING, INC.
.

/ ' is ue --

C. B. Brinkman :
Acting Director '

Nuclear Systems Licensing - ;

!

?

CBB/ser ,

cc: J. Trotter (EPRI)
T. L.imbach (NRC) !
P. Lang (DOE)
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CESSAR EnWicarion

TABLE 7.2-2

REACTOR PROTECTIVE SYSTEM MONITORED PLAKf VARIABLE RANGES

1

Nominal (d)Monitored Variable Minimum (full power) Maximum

-7Neutron flux power, % lx10 100 200of full power

Cold leg temperature, "F 465 558 615

Hot leg temperature, *F 525 615 675

Pressurizer Pressure 1,500 2,250 2,500
(high range,), psia
n en. .- a e wa c. (C) g go,

Pr'e^ slur'iEe'r' frEssure 0 (c) ldOW(low range), psia 75D

CEA positions full in NA full out
i

f, Reactor coolant pump 100 1,190 1,200
'

speed, rpm

Steam generator water (a) 0 76.8 100
level (wide range), %

I
Steam generator water 0 59.1 100level (narrow range), %(b)

Steam generator pressure, 0 1,000 1,524
psia

Containment pressure, psig -5 0 60
|E

Steam generator primary 0 43 47 ,pressure differential, psid '

NOTES: a. % of the distance between the wide range level instrument
nozzles (above the lower nozzle).

b. % of the distance between the narrow range instrument nozzles |

,

(above the lower nozzle). I

The high and low pressurizer pressure sensor ranges are Ic.
combined electronically within the PPS bistable for wide rangef E2

V applications.
d. Nominal values given are typical. These values may be adjusted !during the final design process. I

!

1

Amendment I '

December 21, 1990
{
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CESSAR E|facim, j

TABLE 7.2-3
|

REACTOR PROTECTIVE SYSTEM SENSORS

Number of
Monitored Variable Type Sensors location

Neutron flux power Fission chamber 12(b) Biological shield

Cold leg temperature Precision RTD 8(b) Cold leg piping

Hot leg temperature Precision RTD 8(b) Hot leg piping

Pressurizer pressure Pressure transducer 4(a)(b) Pressurizer
(high range)

*/pesgay gwea pewyno ~

Pr ssur zer pressure Pressure transducer 4 Pressurizer
(low range)

CEA positions Reed switch assemblies 2/CEA(b) Control Element Drive
Mechanism

Reactor coolant Proximity device 4/ pump (b) Reactor coolant pump
pump speed

Steam generator Differential pressure 8/ steam
level transducer generator (aIIc} Steam generators

Steam generator Pressure transducer 4/ steam
pressure generatorg) g) Steam generators

Containment pressure Pressure transducer 4(a) Containment structure

Steam generator Differential pressure 4/ steam Steam generators
primary differential transducer generator
pressure

NOTES: a. Common with Engineered safety Feature Actuation System.

b. Common with control systems.
,

c. Only narrow range common with control systems.

Amendment E
December 30, 1988

_ _ _ _ _ _ _ - - - _ _ . - _ . - _ . . - _ _ _ - _ _ _ _ _ _ - _ _ - - _ - _ _ _ - - _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ - _ - - _ _
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7.5.1.1.7.1.1 Baturation Margin Sensors

Saturation Margin Monitoring (SMM) provides information to the
reacto_r operator on:

(A) The approach to and existence of saturation.

(B) The existence of core uncovery.

The SMM utilizes inputs from the RCS cold and hot leg

temperatures measured by RTDs, the maximum temperature of the top
three Unheated Junction Thermocouples (UHJTC), and pressurizer
pressure sensors. The UHJTC input comes from the output of the
Heated Junction Thermocouple (HJTC) processing units. In

summary, the sensor inputs are as follows: .;

RanceInput
c-750

Pressurizer Pressure 0-1600 psia
ik,w ri:e fhMe Lcc-16S0 PC c'
Pressurizer Pressure 1500-2500 psia

0-4000 psia (-
1

RCS Pressure l
"#

50-750*FCold Leg Temperature
50-750*FHot Leg Temperature

Maximum UHJTC Temperature of 32-2300*F D

top three sensors (from HJTC
processing)

32-2300*FRepresentative CET Temperature 4 .

1.5.1.1.7.1.2 Heated Junction Thermocouple (HJTC) Probe
Assembly

The HJTC probe assembly measures reactor coolant liquid inventory
above the fuel alignment plate with discrete HJTC sensors located
at different levels within a separator tube ranging from the top
of the fuel alignment plate to the reactor vessel head. The

basic principle of operation is the detection of a temperature
difference between adjacent heated and unheated thermocouples.

1

As \ pictured in Figure 7.5-2 the HJTC sensor consists of a
Chromel-Alumel thermocouple near a heater (or heated junction)
and another Chromel-Alumel thermocouple positioned away from the

Amendment D
|

7.5-8 September 30, 1988
_ _ - _ - - - - _ _ _ - - _ _ _ - - _ - _ _ - _ _ - _ - _ - _ _ _ - _ _ _ _ _ _ - _ _ - _ _ _



TABLE 7.5-1
'

(Sheet I of 2)

SAFETY-RELATED PLANT PROCESS DISPLAY INSTRtMENTATION
,

Number of
Sensed Minimum III |Parameter Channels Sensor Ranges (4) Indicated Range (2)(3) Location

fi.a u s g er r a n w <. y s-7tursa
Pressurizer Pressure 4 1500-2500 psia
Pressurizer Pressure 4 0-1600 psia 0-4000 psia Control Room

RCS Pressure 2 0-40n0 nsia
no - As.rD

Steam Generator Differential 4/SG 0-70 psia 0-70 psid Control Room

Pressure (RCS)

Coolant Temperature (Hot) 8 525-675'F 50-750*F Control Room
4 50-750*F

Coolant Temperature (Cold) 8 465-615'F 50-750*F Control Room
4 50-750*F

Containment Pressure (Wide Range) 2 -5 psig to + 4 times -5 psig to + 4 times Control Room
design psig design psig

Containment Pressure (Narrow Range) 4 -5 psig to + 1 times -5 psig to + 1 times Control Room
design psig design psig

Steam Generator Pressure 4/SG 0-1524 psia 0-1524 psia Control Room
Steam Generator Level (Wide Range) 4/SG 0-100% 0-100% Control Room

Steam Generator Level 4/SG 0-100%
(Narrow Range)

Pressurizer Level 2 0-100% 0-100% Centrol Room

knendment N
April 1, 1993

.

m ~r , - - ,g- - -y - 1 mm
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TABLE 7.5-3

(Sheet I of 7)

POST-ACCIDENT HONITORING INSTRUMENTATION

Number of N'9 U"Id'SensM MI"I""" MI"I""" Location (1*2) 1.97 CategoryChannels (5) Sensor Ranges (6*3) Indicated Range _
Parameter

2 0-4000 psig 0-4000 psig Control Room 1,2
RCS Pressure

Primary Safety Valve Position 1/ Valve N/A Closed /Not Closed Control Room 2
,

(Acoustic Leak Detector)

In-containment RWST Level 2 0-100% 0-100% Control Room 2

In-containment RWST Temperature 2 50-250*F 50-250*F Control Room 2

Coolant Temperature (Hot) 4 50-750*F 50-7S0*F Control Room 1

Coolant Temperature (Cold) 4 50-750*F 50-750*F Control Room 1,3

Containment Pressure (Wide Range) 2 -5 psig to 4 times -5 psig to 4 times Control Room 1

design psig design psig

Containment Pressure (Narrow Range) 4 -5 psig to 1 times -5 psig to I times Control Room 1

design psig design psig

Steam Generator Pressure 2/SG 0-1524 psia 0-1524 psia Control Room 1,2

Steam Generator Level (Wide Range) 2/SG 0-100% 0-100% Control Room 1

Pressurizer Level 2 0-100% 0-100% Control Room 1

Pressurizer Heater Status I patr/ N/A On/Off Control Room 2

heater bank
N'b Y C ~ S | /?c rs |o

frer.s err)o d essorv. (/ / r ppg) Y /J~do ~2 $ ~**fJ'7 Amendment K t#'U" */N . (y) Og y
**

*/ /C* ' M'/'' Apri1 1, 1993
Press. a-9 r, fmnee Mad e.:ey <) '''ic vs an pa,o~ ~ ~ . e. . , ,, <w ,-e y



TABLE 7.5-3 (Cont'd)

(Sheet 7 of 7)

POST-ACCIDENT MONITORING INSTRUNENTATION

Number of
Sensed Minimum Minimum Reg. Guide

I6' I Indicated Range Location (1,2) 1.97 CategoryChannels (5) Sensor RangesParameter

See Chapter 18 for type of readout.NOTES: 1.
All Category I variables are also recorded via the DPS Historical Data Storage and Retrieval program.2.
Post-accident monitoring instrumentation is qualified for the appropriate environmental conditions3.
(refer to Section 3.11). /resae<f e'
Degree of subcooling is calculated from RGS; pressure, RCS temperature and core exit temperature4.
parameters.
MCBDs are provided in appropriate sections of Chapter 7.5.
Post-accident channel accuracy is a time dependent function of post-accident environmental6.
conditions.

Amendment N
April 1, 1993
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9.5 OTHER AUXILIARY SYSTEMS

9.5.1 FIRE PROTECTION SYSTEM
!

9.5.1.1 Design Basis '

I !
The design basis of the System 80+ Standard Design fire !

protection system employs defense-in-depth systems approach in
combination with an integrated program including operational
surveillance, testing, maintenance, administrative controls, and t

Quality Assurance to provide a fire safe plant consistent with !

NUREG-0800, Section 9.5.1, " Standard Review Plan", and SECY-90-16 |
" Evolutionary Light Water Reactor (LWR) Certification Issues and J

Their Relationship to Current Regulatory Requirements." l

9.5.1.1.1 Goals I

A. Prevent release of radioactive contamination in excess of i

10 CFR Part 100 limits.
4

,

B. Prevent loss of ability to achieve safe shutdown following |
fire. i

.

C. Prevent fire from threatening more than any one mimmm._ 1
1 r - ~+ = 4 " ' division of equipment or components~ . . _ _

required to achieve cold shutdown. !

D. Prevent fire from damaging more than any one '

c'.;r .;: -...;r.i rl division of safety related structures,-., ;

i equipment, or components.

E. Mitigate the potential of personnel injury due to fire. I |

F. Preserve unit availability by limiting potential fire damage
| to an acceptable level. i,

'

1

G. Protect capital investment in the facility.

| 9.5.1.1.2 Objectives
: i

A. Station design and layout to prevent the possibility of fire |
affecting redundant - a u rm --l-- uud-- divisions of equipment ;a

required for cold shutdown. Safe shutdown as defined in the ;
Standard Review Plan pertains to cold shutdown as part of ;
the System 80+ design philosophy. This includes potential ;

interaction with other plant systems and to prevent a fire |induced LOCA. *

B. Plant layout to assure adequate access and egress routes for i
personnel protection.,

,

i

Amendment J,

9.5-1 April 30, 1992
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C. Outside Containment and the Annulus: Provision of |I
three-hour fire rated barriers between redundant divisions |
of safety-related equipment. Exceptions are control room I
and the remote shutdown panel room which are physically
separated and electrically isolated from each other as i
described herein. j

ISafe cold shutdown can be achieved following fire in any |
area assuming all equipment in the fire area (or inside ,

containment; at the specific location) is rendered
inoperable and that reentry into the fire area for repairs

,

and operator actions is not possible. (
TgJ5fET* # l !

side Containment and Annulus: Separation of redundant
di,'sions by quadrant to provide sufficient spatial j
separ 'on, as proven by engineering analysis in the i

annulus i at containment penetrations. Another option for ;

separation through use of mineral insulated jacketed i.

cables which qu fy as either a three hour rated barrier or i

a radiant heat shi If it qualifies as a radiant heat i
'

.

Ishield, engineering a. ysis will verify that the heat
shield coupled with mi ' 'm 20 ft. separation between |
redundant divisions with no i rvening combustibles, and/or !

augmented with sprinklers and au -atic fire detectors, will |y
withstand any credible fire occur. ce. Where redundant 7

divisions of equipment normally use to achieve cold
shutdown, by necessity, converge, an eng .. ring analysis !

will be conducted (when sufficient desig detail is

available) to assure that cold shutdown can b chieved I

utilizing equipment which would not be affected by e at i

the specific location. The engineering analysis wil e +

maintained as part of the System 80+ design basis. |
:

D. Fire detection and alarm systems to provide prompt detection f
and notification of fire. !

>

E. Fixed automatic sprinkler systems to assure prompt fire
7 ,

suppression consistent with design objectives. |
1

F. Manual fire fighting equipment for early fire suppression '

and for structural, fire _ fighting. )

G. HVAC systems to smoke migration beyond the area of |K
| fire origin.

H. A fire prevention program including housekeeping control of |7
icombustible materials, control of potential ignitionj

sources, and a program of management inspections, audits and ;
reviews, j

!

!

Amendment K :

9.5-2 October 30, 1992 *

I
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| I. A fire response program consisting of well trained and
equipped plant personnel prepared at all times to assume
fire fighting responsibilities.

J. Operations and maintenance programs for surveillance,
testing and maintenance of fire protection systems and I

features.

K. A Quality Assurance program to assure design methods and
features are properly implemented. The Quality Assurance
program also verifies that operations, maintenance, and
surveillance programs are properly implemented.

L. Sufficient fire area compartmentation to preclude the
presence of Category 1 risks. A Category 1 risk is defined
in the Fire Hazards ssessment as an area where equipment or
component damage and electrical faulting are unacceptable.
An example would be a location where redundant equipment and
components required for safe shutdown are susceptible to
damage by a single fire. K

M. A fire protection program that complies with NUREG 0800
Standard Review Plan and CMEB 9.5-1, Rev. 2, July 1981:
" Guidelines for Fire Protection of Nuclear Power Plants" and
SECY Letter 90-16, " Evolutionary Light Water Reactor (LWR)
Certification Issues and Their Relationships to Current
Regulatory Requirements." Specific deviations and technical
justification are included in the fire hazards analysis.

The Design Basis Goals and Objectives as stated above will
mitigate the potential of fire, provide for prompt detection
should fire occur, provide automatic suppression and/or manual
fire suppression capabilities as determined by the Fire Hazards y
Analysis, provide fire resistant barriers to mitigate fire
propagation, protect redundant safety related trains of equipment
from damage due to a common fire exposure, and preclude the
potential release of radioactivity to the environment.

9.5.1.2 General Design Guidelines

A. Outside containment redundant divisions of safety related
Jelectrical equipment are separated from each other by

three-hour fire rated fire barriers. Exceptions are control
room and remote shutdown panel room which are physically

Iseparated, electrically isolated and provide redundant
shutdown capability. P.l. 1 ansfer switches which
transfer control from the Control Room to the Remote K
Shutdown Panel, are - f. ;; -~ ;h L .afin r:tl L. im h;1rnc.d( c.,,,,hd , ,4 g g.py,|. room,

m.u m -

Amendment K
9.5-3 October 30, 1992
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B. eparatYon of redundant divisions by quadrant provide
s icient spatial separation in the annulus and at
con .nment penetrations as proven by engineering analysis.
Anothe option for separation is through use of mineral
insulate acketed cables which qualify as either a three
hour rate arrier or a radiant heat shield. If it
qualifies as radiant heat shield, engineering analysis
will verify that heat shield coupled with minimum 20 ft,
separation between 'ndant divisions with no intervening J
combustibles, and/or aug ted with sprinklers and automatic *

fire detectors, will withsta any credible fire occurrence. '

Where redundant divisions of ipment normally used to
achieve cold shutdown, by ne sity, converge, an
engineering analysis will be conduc (when sufficient .

design detail is available) to assure that - d shutdown can
be achieved utilizing equipment which would no e affected ;
by fire at the specific location. The engineering lysis
will be maintained as part of the System 80+ design basi .

c. A fire protection water supply is installed, with redundancy
and reliability to meet provisions of BTP CMEB 9.5-1.

D. Fixed automatic suppression systems are installed,
engineered for the specific hazard to be protected in
accordance with the design objectives as determined by the I
Fire Hazards Analysis.

E. Portable fire extinguishers, fire hydrants, fire hose ;

stations and supporting equipment are provided to facilitate ;
manual fire fighting.

F. Ventilation systems are installed, including provisions for
controlling spread of fire and smoke beyond the area of
origin. HVAC systems are division specific; therefore,
there are no dampers in barriers which separate redundant
divisions of safety-related equipment. The exception to
this is that there is a single opening in the divisional
fire wall that separates the redundant air handling units. K
An air intake duct which supplies make-up air to the
redundant Control Room Systems passes through this opening.
This arrangement enables make-up air to be drawn from either
side of the facility and is necessary for nuclear safety
reasons. This opening is protected with a combination fire
and smoke damper. Smoke control capability is provided as
part of HVAC system design to mitigate smoke spread beyond
the area of origin.

Amendment K
9.5-4 October 30, 1992
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v
G. Smoke control capability is provided as part of HVAC system

design to mitigate smoke migration beyond the area of
origin. pyg g7- @ | |

H. Multiplexed instrument and control signals by fiberoptic
cables are provided to minimize the quantity of combustible
exposed cable insulation in the plant.

I. Where fixed fire suppression systems are installed,
provisions for control and drainage of water are included.

J. Systems and equipment are designed to mitigate the potential
for fire due to equipment failure during the design basis
seismic event. An example is the reactor coolant pump motor
oil collection and drain system.

K. Fire protection (suppression and detection) equipment is
designed to mitigate possible interaction with safety I

related equipment during the design basis seismic event.
Interaction includes the potential for water spray or flood
due to pipe failure.

L. Fire hose standpipe system and a water supply in the Nuclear
Annex are designed to withstand a design basis earthquake.

V Provide a water supply (250 gpm) to at least one hose
station for at least 2 hours.

M. Respond to specific requirements of BTP CMEB 9.5-2, Rev. 1,
Jul

& e' y 1981..:_ 1, n r - :__- . : - --- ~

_

[FiVe areas, rooms, zones and other areas containing equipment
important to safety are identified in fire barrier drawings to,
establish the scope of the Firo Hazards Analysis and to assure
compliance with Regulatory Guidance (see Figures 9.5.1-2 to

5.1-9.
|K

:::: r- !,-*n
_

-

..,.2.a..

A. Elevation 50+0 (Pi .1-2) ,

1. Nuclear

a. Vital Inst - aentation and 1pment Rooms ,

e Division Channels A&S u vision II, Channo(, ;

B&D. 1

T '#'/* 3 M Mh gv a
,

( I, g g) Amendment K
5 October 30, 1992
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9.5.1.3 FIRE PROTECTION SAFE SHUTDOWN ANALYSIS

9.5.1.3.1 ASSUMPTIONS

The Fire Protection Safe Shutdown Analysis includes the*

effects of one worst case spurious actuation.

Fire is postulated with or without loss of offsite power*

(which ever is the most severe challenge to the ability to
achieve safe shutdown).

Inside containment, cables for safe shutdown valve motor*

operators and instruments are three hour fire rated.

Fire is not postulated concurrent with simultaneous,.

coincidental failures of safety systems, other plant accidents |

or the most severe natural phenomena. )
)

|

9.5.1.3.2 FIRE PROTECTION SAFE SHUTDOWN DESIGN BASIS GOALS ~)
I

Achieve and maintain subcritical reactivity conditions in the j+

prinary system. !

Maintain reactor coolant inventory.*

Achieve primary system temperature and pressure conditions.*

Maintain Reactor Coolant System (RCS) process variables within*

those predicted for loss of AC power.

Prevent fuel clad damage, failure of ~ the primary system*

pressure boundary, or rupture of the containment boundary.

9.5.1.3.3 FIRE PROTECTION SAFE SHUTDOWN DESIGN BASIS OBJECTIVES

The following Design Basis Objectives are met in' order to assure
the Design Basis Goals stated above are satisfied:

Maintain RCS pressure boundary integrity (i.e., reactor*

coolant pump seal integrity,.CVCS letdown isolation, Safety
Depressurization System isolation and RCS sample line

isolation).

-Assure the reactivity control function maintains the*

available shutdown margin at greater than 1% Ak/k with the
highest worth control element assembly (CEA) fully withdrawn.

Assure reactor coolant make up is available to maintain*

_ _ _ __ a
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reactor coolant in the pressurizer within prescribed limits.

Maintain RCS decay heat removal function and cool down the RCS l:.

to cold shutdown conditions.

Provide direct reading of process variables necessary to !+

perform and control negative reactivity, reactor coolant |
pressurizer level and decay heat removal. '

Maintain support functions (process cooling, lubrication, |+

etc.) for equipment required for safe shutdown. ;

i

9.5.1.3.4 SYSTEMS REQUIRED FOR SAFE SHUTDOWN |

The RCS provides reactivity control by control element.

assembly (CEA) insertion and also removes decay heat from the
core through natural circulation.

r

Emergency Feedwater System (EFW) provides secondary side decay {+

heat removal capability. 3

Atmospheric Dump Valves provides secondary side pressure' *

control capability.
,

Shutdown Cooling System (SCS) provides residual heat removal '
*

function for cooldown from hot shutdown to cold shutdown
conditions.

;

Safety Injection System (SIS) provides makeup capability for i+

inventory control and boron addition for reactivity control. ;

Safety Depressurization System (SDS) provides primary system' !+

pressure control capability.

Essential Chilled Water System (ECWS) provides chilled water f.

for HVAC heat removal to all safety related. room recirculation i

cooling units. |
;

Component Cooling Water System (CCWS) provides decay heat.

removal capability and equipment cooling for the Shutdown
Cooling System, Safety Injection System, Essential Chillers, j
Emergency Diesel Generator Coolers, etc. , as well as other non- !

safe shutdown-functions. ;

i
Station Service Water System (SSWS) takes suction from the. I.

ultimate heat sink and provides cooling water flow to the CCWS |
heat exchangers for cooling and decay heat removal. ;

i

The Control Building, Nuclear Annex, Subsphere and Diesel.

Generator Building Ventilation Systems provide ambient
temperature control within parameters required to assure ;

components function as intended to achieve safe shutdown I'

conditions. .

. . - _ ._ _ __ _ _ _



.__ - . -_ _. __

s
s

Reactor coolant pump seal cooling is provided by either seal.
+

injection from the CVCS charging pumps or direct cooling from
the CCWS.

:

The Pool Cooling and Purification System provides decay heat. '

removal from the spent fuel pool.

The onsite Emergency Diesel Generators provide power for lE.

busses for equipment power, control and instrumentationrequired to achieve safe shutdown conditions.

The Combustion Turbine (AAC) provides onsite power to the.
'

permanent non-safety busses which provide power to the CVCS :

Charging Pumps and associated valves.and controls..
,

Each of these systems includes adequate controls and
instrumentation in the Control Room and at the Remote Shutdown
Panel to assure safe shutdown can be achieved.

i

9.5.1.3.5 SYSTEMS WHICH REQUIRE ISOLATION

SCS pressure isolation valves until RCS is cooled and
.

depressurized to SCS entry conditions.
r

SDS to prevent uncontrolled blowdown of the RCS..

CVCS letdown to prevent uncontrolled letdown of the RCS.. '

!RCS sample lines to prevent uncontrolled letdown of the RCS. |
.

t

Main Steam System to prevent uncontrolled blowdown of the.

steam generators.

Atmospheric Dump Valves to prevent uncontrolled blowdown of.

the steam generators.

Main Feedwater System to prevent uncontrolled blowdown of the.

steam generators and steam generator over fill.

Steam Generator Blowdown System and steam generator sample.

lines to prevent uncontrolled blowdown of the. steam |generators. -

EFW to prevent steam generator over fill..

;Each of these systems includes . adequate controls and
instrumentation in the Control Room and at the Remote Shutdown
Panel.

9.5.1.3.6 ASSOCIATED CIRCUITS
,

The potential for electrical interaction due to fire mandates that i
,

s
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a study be conducted to assure that redundant safe shutdown systems |
are not damaged by a single fire. Generic Letter 81-12 Rev. 1
defines Associated Circuits and provides guidance for documenting I

the Associated Circuits Study.

Outside of containment the System 80+ plant configuration provides
complete separation of redundant safety related divisions by three '

hour fire rated barriers. Division 1 is located (plan) north of ;

column line 17. Division 2 is located (plan) south of column line
~

17. An exception is the Control Room and the Remote Shutdown Panel
room which are physically separated and electrically isolated and i

provide redundant shutdown capability. Transfer switches which
transfer control from the Control Room to the Remote Shutdown Panel |

are located in the Control Room. Transfer switches are arranged !
such that when power is transferred from the Control Room to the ?

Remote Shutdown Panel, manual operations in all four Vital i

Switchgear rooms are required to return control capability to the -

Control Room. Thus associated circuit interaction in the Control
, Room will not affect the ability to achieve safe shutdown from the ,

"

Remote Shutdown Panel. !

9.5.1.3.7 SAFE SHUTDOWN FOLLOWING FIRE OUTSIDE OF CONTAINMENT
i

As discussed in section 9.5.1.3.7, " Associated Circuits", redundant
safe shutdown divisions are separated by column line 17. Each fire i

area is enclosed in three hour fire rated barriers. Three hour
fire rated barrier walls are located along Column Line 17,
except at elevations 115+6 and 130+6 where the Control Room is i

located. The exception to complete divisional separation is the i
Control Room and the Remote Shutdown Panel room which have
redundant control function capability. They are physically c

separated and electrically isolated from each other. CESSAR-DC !

Figure 9.5.1 depicts the separation of redundant electrical
divisions outside of containment. ;

;

Thus a fire in any fire area outside of containment will not ;

affect redundant safe shutdown systems, equipment, or components.
L

9.5.1.3.8 SAFE SHUTDOWN FOLLOWING FIRE INSIDE CONTAINMENT j

i

The Containment and Annulus are a single fire area. The .only
components inside the Containment and Annulus which are required
for safe shutdown are motor operated valves and instruments r

associated with safe shutdown systems. i

Inside the Annulus and Containment, three hour fire rated cable
| protective systems (i.e., mineral insulated cables) are used for

cables associated with safe shutdown functions. An exception to i
the three hour fire resistance rating may be containment
penetrations which are etwrently commercially available with a one ;

hour fire resistance rating. Three hour fire rated containment '.
penetrations will be purchased if available.

,

1

,

I
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The only in situ combustible material inside containment that may
be exposed to a fire is insulat. ion of cables that are not i

associated with safe shutdawn functions. Redundant trains of -

valves and instruments analyzed as an assured method of achieving i

safe shutdown are physically separated such that a potential fire
will not af fect redundant equipment as stated in section 9.5.1.3.9.

1

In situ combustible material inside containment is limited to those
materials which are essential for unit operation (i.e., cable
insulation, lubricants, etc.). The largest quantity of combustible i

materials is RCP motoc lubrication oil. All potential leak points *

are enclosed in a seismically designed oil collection system which
drains to a seismically designed oil collection tank. If oil were
to escape from any reactor coolant pu'.p, it would drain into the .

,

containment holdup volume. There ere no safe shutdown components
located in the containment holdup vcilume which may be damaged due
to a fire at this location.

Transient combustible material will be administrative 1y controlled
to avoid unacceptable fire hazards.

9.5.1.3.9 PROTECTION OF REDUNDANT FUNCTIONS
i

1. OBJECTIVE: Maintain primary system pressure boundary integrity ;

(i.e., reactor coolant pump seal integrity, CVCS letdown |

isolation SCS isolation, SDS isolation and RCS sample line i
,

isolation). i
!

ANALYSIS:
{

A. RCP seal integrity is maintained by either sea) injection
from the CVCS charging pumps or direct cooling from the
CCWS. The CVCS is discussed in CESSAR-DC Section 9.3.4, -

and is shown in Figure 9.3.4-1. The CCWS is discussed in |
CESSAR-DC Section 9.2.2 and is shown in Figure 9.2.2-1. '"

The RCP seals are discussed in CESSAR-DC Section 5.4.1 ,

and are shown in Figure 5.1.2-2. ;

Outside containment the two divisions of CCWS' are 'i
separated by a three hour fire rated barrier. In
addition, the redundant CVCS charging pumps are separated i

by a three hour fire rated barrier. However, each
|

division of CCWS provides seal cooling for two of the ;

four RCPs. Should one CCWS division be lost from a fire
outside of containment, RCP seal integrity Of the two !
RCPs cooled by the CCWS division is maintained through

'

seal injection from the CVCS charging pump in the
unaf fected division. The seal injection line penetrating !

containment is located 90 degrees apart from each i

containment penetration for the CCWS supply and return
7

line to the RCPs. Each of the CCWS supply and return
lines to the RCPs has two isolation valves, (For division
1, the isolation valve located inside containment has

.
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control power supplied from channel B and the isolation I

valve located outside of containment has control power ;

supplied from channel A. For division 2, the isolation
valve located inside containment has control power i

supplied from channel A and the isolation valve located
'

outside of containment has control power supplied from
channel B. ) . There is an isolation valve in the seal
injection line located outside of containment. This |
valve has control power supplied from Channel C. Thus a ;

fire outside containment cannot simultaneously isolate
both seal cooling means.

I

Inside containment isolation and control valves on the i

CVCS seal injection, RCP controlled seal bleedoff and I

CCWS supply and return lines for the RCP seal coolers -are -

protected such that spurious signals from a fire inside
containment can not simultaneously isolate both RCP seal
cooling means. Seal injection isolation valves on each i

side of the high pressure seal coolers are normally open (
with power removed from the valve operator. The CCW '

,

supply and return line isolation valves to each RCP are'
;

also normally open with power removed from the valve. :
The seal injection flow control and controlled seal
bleedof f line valves are located near each associated RCP

'

inside the Reactor Building crane wall. These valves are
powered from the permanent non-safety electrical power 1

busses. The containment isolation valves for the RCP '
seal cooler CCWS supply and return lines and the RCP
controlled seal bleedoff line are powered from Class lE
busses. These valves are located close to the
containment vessel and outside of the. Reactor Building ;

crane wall. Therefore, the containment isolation valves '

associated with the CCWS supply and return lines to the ;

RCPs and the primary RCP controlled seal bleedoff line
will not spuriously close from a' fire which causes the ;

seal injection flow control valves and controlled seal t

bleedoff valves'near the RCPs to close and vise versa. i

Should both the RCP controlled seal bleedoff and CCWS i

containment isolation valves spuriously close,.a relief g

valve located inside containment opens and allows i

continued RCP controlled seal bleedoff to the reactor i

drain tank. ;

B. The CVCS letdown line is discussed in CESSAR-DC Section
9.3.4 and is shown in Figure 9.3.4-1. The letdown line
has two power operated valves in series. Each isolation .

valve is powered from a different division of Class lE I

power and is separated and protected such that a fire .. ;

inside containment can not prevent both isolation valves-
from closing. ;

C. Each division of SCS has two RCS pressure isolation [
valves in series. These pressure isolation valves are -}
shown in'CESSAR-DC Figure 6.3.2-lc and are discussed in i

t

i

!
,

-

,
.
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Section 5.4.7. Each valve has power supplied from a !

different Class lE channel. In addition, the power is
removed from one of the valves in series. This prevents :

spurious opening of both valves from a fire inside
Icontainment.

D. Each division of SDS from the pressurizer to the In i

Containment Refueling Water Storage Tank (IRWST) has two
power operated valves in series. Each valve has power.
supplied from a dif ferent Class 1E channel. In addition,
power is removed from one of the valves in series. Each
of. the redundant valves are located above the pressurizer - :

where there is no potential fire exposure. Each division
of SDS from the pressurizer to the reactor drain tank and
from the top of the reactor vessel to the reactor drain
tank has two power operated valves in series. Each valve j

has power supplied from a different Class lE channel.
'

The valves and cables are adequately separated and
protected to prevent spurious opening of any two valves
in series from a fire inside of containment. The SDS is |

'

discussed in CESSAR-DC Section 6.7 and is shown in Figure
5.1.2-3. '

'

E. Primary sampling lines have a flow reducing orifice which
restricts the flow to less than the normal makeup
capacity. In addition,.each sample line has a normally i

closed isolation valve inside containment and a normally
closed isolation valve outside containment.~ Each ,

'
containment isolation valve associated with a sample line
penetration is powered from a different division of Class
lE power. Thus, a fire inside containment can only
af fect the operation of one of these valves. The sample
system is discussed in CESSAR-DC Section 9.3.2,

Containment Isolation is discussed in CESSAR-DC Section !

6.2.4, and the containment isolation valves are shown on |
Figure 6.2.4-1. !

2. OBJECTIVE: Assure the reactivity control function maintains
the available shutdown margin at greater than 1% Ak/k with the '

highest worth CEA fully withdrawn.
.

ANALYSIS: Reactivity control is maintained by the CEAs and by j

boration. The Safety Injection System ~(SIS) is the primary
method of injecting boron into the primary system. The SIS is i

discussed in CESSAR-DC Section 6.3 and is shown in Figure i

6.3.2-1. The SIS pumps and power operated valves are located
outside containment. There are no power operated- valves !

inside containment. Thus a fire inside containment will not !
'

affect the ability to maintain reactivity control. Each
division of SIS outside of containment is separated by a three
hour fire rated barrier.

3. OBJECTIVE: Assure reactor coolant make up is available to
'

-maintain reactor coolant in the pressurizer within prescribed

. - _- - - ._ = - - -. .- - - .
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limits. ;

ANALYSIS: The Safety Injection System (SIS) is used for make
~ up to the RCS. See item 2, " reactivity control *, above for ;

description and protection.

4. OBJECTIVE: Maintain reactor coolant decay heat removal
function and cool down the RCS to cold shutdown conditions.

ANALYSIS:

A. Emergency Feedwater System (EFWS) provides decay heat
removal from hot standby to hot shutdown conditions by
supplying feedwater to each steam generator. The EFWS is
discussed in CESSAR-DC Section 10.4.9 and is shown in
Figure 10.4.9-1. Each division has a motor driven and a
steam driven EFW pump. Each of these pumps is sized for
full capacity so that only one pump per division is ;

necessary to achieve safe shutdown. Each pump discharge
line has two motor operated valves in series. The motor

'

driven and steam driven EFW pump of each division feed
into a common supply header. All pumps and power
operated valves are located outside of the containment.
Thus a fire inside of containment will not af fect the EFW i

function. Outside of containment each EFW train is
separated by a three hour fire rated barrier. In order ;

to prevent steam generator over fill, the motor operated
control valve at the discharge of each pump has power ,

supplied from a different Class lE channel compared to
the associated pump controls. The valve.and pump along !

with associated cables are located and routed through |

different fire areas to prevent losing both pump and ;
'

valve control due to spurious signals.
i

B. Steam Generator pressure control is maintained by the |

atmospheric dump valves which are part of the Main Steam
Supply System. These valves are discussed in CESSAR-DC

1

Section 10.3 and are shown on Figure 10.3.2-1. Each of- i

the four main steam lines has an atmospheric dump valve |
(ADV) and its associated block valve located upstream of '

the main steam isolation valves. These valves are
located outside containment in the main steam valve' ,

houses (MSVH). Thus a fire inside containment cannot i

af fect their operation. Each MSVH, which contains two of ,

the four ADVs, is located on opposite sides of the
Reactor Building and is separated by a three hour fire ;

rated barrier. Only one steam generator and one of the
iADVs associated with that steam generator are required

for decay heat removal and cooldown. Each ADV 'in a '

division has power supplied ' from a dif ferent Class lE
channel in its respective division. Therefore, a fire
outside containment can only af fect the operation of the !
ADVs located in the division in which the fire occurs. 1

Thus, the ADVs in the' unaffected division will be

. - . - . - - - - - . . . - - .
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available to control pressure in the steam generator {
performing the cooldown function.

{
IC. In order to prevent uncontrolled blowdown of the steam

generator and steam generator overfeed, the main steam, |

main feedwater, and steam generator blowdown systems and
the steam generator sample lines. require isolation. '

t

The Main Steam System is discussed in CESSAR-DC Section
!|10.3 and is shown in Figure 10.3.2-1. Each steam

generator has two main steam lines. Each main steam line i

has a main steam isolation valve. Each main steam {
isolation valve has redundant solenoids powered from i

different Class 1E channels. In addition, these valves ;

fail closed on loss-of-power. The main steam isolation
'

valves are located outside of containment in their
associated main steam valve house. Thus, a fire inside
containment does not affect the operation of these ;
valves. >

The Main Feedwater System is discussed in CESSAR-DC
Section 10.4.7 and is shown in Figure 10.4.7-1. Each !
steam generator has a economizer feedwater line and a t

downcomer feedwater line. Uncontrolled blowdown of a i

steam generator is prevented by two check valves in |
series on each of these lines. Steam generator over feed |

is prevented by closing the two feedwater isolation
valves located in series on each of these lines. Each I

feedwater isolation valve in series has power supplied i

from a different Class lE channel. In addition, these i

valves fail closed on loss of power. The feed water I

isolation valves are located outside of containment in
their associated main steam valve house. Thus, a fire

,

iinside containment does not af fect the operation of these
valves. ;

;

The Steam Generator Blowdown System and the Process '

Sample System are discussed in CESSAR-DC Sections 10.4.8
,

i and 9.3.2 respectively. The Steam Generator Blowdown |
System is shown in Figure 10. 4. 8-1. Each steam generator |
blowdown line and each steam generator sample line can be i

isolated by their associated containment isolation |
valves. Each containment penetration has a containment

,

isolation valve located inside containment and a
containment isolation valve located outside of ;

containment. Each valve associated with a containment !
penetration is powered from a different division of Class [
1E power. Thus, a fire inside containment can only
affect the operation of one valve. *

;

D. The Shutdown Cooling System (SCS) provides decay heat
removal and cooldown after the primary system is cooled i

and depressurized to the point that allows opening of the j
RCS pressure' isolation valves. The SCS cools the RCS ;

I

!
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from hot shutdown to cold shutdown conditions. The SCS
is described in CESSAR-DC Section 5.4.7 and is shown in
Figure 6.3.2-1. The SCS has redundant divisions. Each
division takes suction from a different RCS hot leg and '

returns the RCS after it is cooled directly to the
reactor vessel. The majority of the SCS system is
located outside of containment and the redundant .

divisions outside of containment are separated by a three I

hour fire rated barrier. Only the motor operated RCS I

pressure isolation valves are located inside containment. ;

There are two valves in series in each of the redundant +

flow paths which are located by division 180 degrees |
apart. These valves are located near the crane wall on '

!either side of containment such that they are over 100'
feet apart. They are located at elevation 101+8 which is

'10 feet above the floor elevation of 91+6. This distance
is sufficient to ensure that one division of SCS is
available to perform the cooldown function.

i
'

In additic7, one of the valves in series in each flow
',path is normally deenergized during power operation to

prevent potential spurious actuations from opening both
valves in a division prior to reaching SCS entry -

conditions.
,

E. The Component Cooling Water System (CCWS) and the Station
Service Water System (SSWS) transfer decay heat from the
SCS to the ultimate heat sink. In addition, they provide
process cooling to equipment and components required for

,

safe shutdown. These systems are discussed in CESSAR-DC '

'Sections 9.2.2 and 9.2.1 respectively and are shown in
Figures 9.2.2-1 and 9.2.1-1 respectively. Each of these '

systems are located outside of containment and would not
be affected by a fire inside containment. Outside of .

containment each division is separated by a three hour !

fire rated barrier. An exception is the CCWS cooling to |

the RCP seals which has valves located inside !;
'

containment. See item 1A above for analysis of this |
item.

|
S. OBJECTIVE: Provide depressurization of the RCS to allow |

Shutdown Cooling System to be placed in service to obtain cold f

shutdown conditions. !
!

ANALYSIS: RCS depressurization is accomplished utilizing the - |
Safety Depressurization System (SDS) . The SDS is described in' !

CESSAR-DC Section 6.7 and is shown in Figure 5.142-3. I

Depressurization is accomplished by opening the valves and. !
controlling flow from the pressurizer to the reactor drain :
tank. These valves are located inside containment. Two {
divisions of valves located in parallel are provided. Each j
division is powered from a different Class lE division. Each
division of SDS from the pressurizer to the reactor drain tank
has two power operated valves in series. Each valve has power |

!

!

I
i

,!
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supplied from a different Class lE channel. One of the
redundant lines is routed inside the pressurizer cavity, the
other is routed outside of the pressurizer cavity. The valves
and cables are adequately separated and protected (i.e. one
division is inside the pressurizer cavity and one division is
outside of the pressurizer cavity) to ensure one division of
SDS is available for RCS depressurization in the event of a
fire inside of containment.

6. . OBJECTIVE: Provide direct reading of process variables
necessary to perform and control negative reactivity, reactor
coolant pressurizer level and decay heat removal.

ANALYSIS: Instrumentation (Incore instrumentation, T-Hot, T-
Cold, S\G Pressure, S\G Level, Pressurizer Pressure,
Pressurizer Level, Neutron Flux): Cables for all of these
instruments are three hour fire rated.
A. Neutron Flux instrumentation, T-Hot and T-Cold are

located inside the primary system and are not susceptible
to fire damage.

;

B. Pressurizer Pressure and Level instruments are located at
the pressurizer. There are four channels of pressurizer '

pressure and level instrumentation. Each channel is '

located in a different quadrant around the pressurizer. ;
e

C. S\G Pressure and Level instruments: Fire at either steam i

generator may damage instruments associated with that i

steam generator. However the other steam generator would !
not be affected and would be available to achieve safe ;

shutdown. In addition, there are four channels of steam |generator pressure and level instrumentation and each
channel is located in a different quadrant around the '

steam generator. |
!

7 OBJECTIVE: Maintain support functions (process cooling,
lubrication, etc.) for equipment required for safe shutdown.

ANALYSIS: !

A. Component Cooling Water System (CCWS) and Station Service .

Water System (SSWS) are discussed in , item 4E above. |

:

B. Lubrication: There is no equipment inside containment
which requires lubrication for safe shutdown.
Lubrication requirements outside of containment are
divisionalized and separated by a three hour fire rated
barrier.

C. Ambient cooling:

The Essential Chilled Water System (ECWS) provides.

cooling water to area room coolers located outside

I

,
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containment. These coolers are contained in the
Control Complex, Reactor Building Subsphere, and
Nuclear Annex Ventilation Systems. These systems ,

are discussed in CESSAR-DC Sections 9.2.9, 9.4.1,
9.4.5, and 9.4.9 respectively, and are shown in
Figures 9.2.9-1, 9.4-2, 9.4-5, and 9.4-8
respectively. Each- of these system has two
divisions which are entirely located outside of
containment and are separated by a three hour fire
rated barrier.

The Diesel Generator Building Ventilation . System.
,

maintains the ambient conditions within the diesel t

Igenerator rooms to ensure operation of the diesel
generators and controls. This system is discussed
in CESSAR-DC Section 9.4.4 and is shown in Figure
9.4-7. This system is located outside of .

containment and each division is separated by a !

three hour fire rated barrier.

Equipment located inside containment is qualified.

for high post accident temperatures. Therefore,
containment cooling is not required to ensure
operation of safe shutdown equipment following a
fire. >

,

8. OBJECTIVE: Remove decay heat from the spent fuel pool.
.

ANALYSIS: Decay heat is removed from the spent fuel pool by
the Pool Cooling and Purification System. The Pool Cooling
and Purification System is discussed in CESSAR-DC Section
9.1.3 and is shown in Figure 9.1-3. All components associated
with the spent fuel pool cooling function are located outside

'

of containment and each division is separated by a three hour
fire rated barrier.

9. OBJECTIVE: Provide an assured source of on-site electrical
power to equipment and components required for safe shutdown.

'

ANALYSIS: The assured source of electrical power is either of
the emergency Diesel Generators for equipment and components
powered from the Class 1E busses. The electrical distribution - !

system is discussed in CESSAR-DC Section 8.3 and is shown in
Figures 8. 3.1-1 and 8. 3.1-2. The emergency Diesel Generators
and associated Class 1E busses are located outside containment'
and each division is separated by a three hour fire rated
barrier. The Class lE busses are separated from the non-1E
busses by two isolation breakers in series. The CVCS charging
pumps are powered from the permanent non-safety busses.
Emergency on-site power is supplied to these busses by the
combustion turbine. The permanent non-safety busses are
located in the turbine building. The Turbine Building - is
separated from the Nuclear Annex by a three hour fire rated i

barrier. The combustion turbine is located in its own ;

!

.I
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structure which is separated'from the Turbine Building and ;
Nuclear Annex, Cables from the permanent non-safety busses 3

are separated by the divisional three hour fire rated barrier
after they enter the Nuclear Annex.

|
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A&C;|IVital Battery Rooms, Division I, Channels.

Division II, Channels B&D.
IK

c. nstrument Air Rooms.

d Un signed Equipment Rooms.

e Charg g Pump Rooms. |K

f. Chemical nd Volume Control Equipment Room,

g. Component oling Water Pumps.

2. Reactor Building S sphere

a. Turbine Driven mergency Feedwater Pump Rooms,
Divisions I and I

I

b. Motor Driven Emer ncy Feedwater Pump Rooms,
Divisions I and II.

c. HVAC equipment areas ( cated in each quadrant).

NOTE: Fire rated walls a located along azimuths
O' to 180 and 90' o 270' to provide fire
separation for the fo quadrants.

3. Diesel Generator Buildings

K
a. Diesel Generator Rooms, Divisi ns I and II.

B. Elevation 70+0 (Figure 9.5.1-3)

1. Nuclear Annex

a. Essential Battery Rooms, Division I, Channels A&C;
Division II, Channels B&D. I

b. Electrical Equipment Rooms, Division ~, Channels
j A&C; Division II, Channels B&D.

|K
c. Remote Shutdown Panel Room. |I

d. Cable chase, Division I, Channels A&C; D ision
II, Channels B&D.

I

e. Essential Chiller Room, Division I, Channels C;
Division II, Channels B&D.

I
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f. Emergency Feedwater Tank Rooms, Division I,
Channels A&C; Division II, Channels B&D.

7

2. Reactor Building Subsphere

1 Fuel Pool Coolant Pump Rooms, Divisions I and II.

C. Elevatio 91+9 (Figure 9.5.1-5)
|g

1. Nucle AAnnex

a. 125 s C Battery Rooms, Non-Essential N1 and N2 I
EquipmL t Rooms

b. Unassigne Equipment Rooms.

c. Diesel Genere *or Building Vent 1 & 2 Rooms. K

d. Motor Control nters.

e. RCP Switchgear. I

f. Emergency Feedwater nk Rooms.

2. Reactor Building |I
a. Annulus,

b. Reactor Coolant Pumps Motor il Drain Tank.

c. Reactor Drain Tank. g

d. Cable concentrations, Division I, Channels A&C;
, Division II, Channels B&D.
|

e. Incore thermocouple cable concentr ions.

f. Control Rod Drive Cable Concentratio .

D. Elevation 115+6 (Figure 9.5.1-6) '\ |I
1. Nuclear Annex

| a. Control Room. g
!
| b. Document Room.
!

c. HVAC (storage) Room.

,

Amendment K
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d. Unassigned Equipment Room. |I
|Ke Main Steam Valve House, Division I & II.

f. Spent Fuel Pool. |I
g. bsphere Exhaust Equipment Room, Division I & II.

K

h. Co uter Room.

2. Reactor B 'lding |I
a. Control Element Drive Mechanism (CEDM) |K

b. Steam Gen ators, I and II. I

c. Reactor Coo nt Pumps A, B, C, D g
i

E. Elevation 130+6 (Figure .5.1-7)

1. Nuclear Annex |I
a. Control Room HVAC om, Division I.

K

b. Control Room HVAC Ro m, Division II. *

c. New Fuel Storage Area. I

r

d. Unassigned Equipment Roo .

e. Annulus Exhaust Equipment com, Division I & II.

f. Nuclear Annex Vent. Equip. R om, Division I & II. g

g. Nuclear Annex Exhaust Equip. R om, Division II.

F. Elevation 146+0 (Figure 9.5.1-8)

|I i1. Nuclear Annex
'

|K
a. Unassigned Equipment Room. gI

b. Hot Tool Crib Rooms. !K

II '
2. Reactor Building

|K
a. Pressurizer. ;

I

b. Containment Auxiliary Carbon Filter Units.
,

Amendment K
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c. CEDM Cooling Units,

d. Reactor Vessel.

G. Elevati 170+0 (Figure 9.5.1-9)

|I1. Nucl nnex

a. Contal. ent Purge Equipment Room.

b. Nuclear Ann Exhaust Equipment Room, Division I.

E
_

c. Fuel Pool Venti ion Equipment Room, Division I.

d. Fuel Pool Ventilation L 'pment Room, Division II.

e. CCW Surge Tanks.

9.5.1. b Fire Rated Barriers ~

9.5.1. Components of Fire Barriers

Fire barriers consist of architectural and structural features
(walls, floors, and ceilings), assemblies to seal openings in
fire barriers (doors, dampers, and penetration seal assemblies),
and fire rated insulation materia 1,'"' -

--7 --' "'-" --
a

? - ' ' M ___ Each fire barrier component is tested in accordance
with nationally recognized codes and standards to assure adequate
fire resistance rating.LSgg,T * {.3

44,2. I
9.5.1 6 Architectural and Structural Features
Walls, floors, and ceiling assemblics designated as fire barriers
meet the acceptance criteria of ASTM E119, " Fire Tests of
Building and Construction Materials."

'f.3
9. S .1. Setus. Door Units

Door units installed in designated fire barriers meet the
acceptance criteria of ASTM E152, " Fire Tests of Door Assemblies"
and NFPA 80, " Fire Doors and Windows." Door units include
components (i.e., door leafs, frames, latches, closures, hinges,
astragal strips, and kick plates).

Door units which are provided to meet multiple design criteria
such as fire, flood, pressure, and security - are reviewed and
analyzed to assure they will withstand the potential fire
exposure. Where possible, fire barrier doors with security (or
other speciality) hardware are Listed or Approved as a fire rated
door unit with the hardware as part of the door unit.

Amendment K
9.5-9 October 30, 1992
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9. S . I .speMup Fire Dampers

Ventilation dampers installed in designated fire barriors meet
the acceptance criteria of UL 555, " Fire Dampers" and NFPA 90A,
" Installation of Air Conditioning and Ventilation Systems."

To allow damper inspection and maintenance, access opening in
ductwork is provided adjacent to each fire barrier.

M.5
9.5.1. w Penetration Seals

Penetration seals in fire barriers for electrical and mechanical
systems meet the acceptance criteria of ASTM E814, " Fire Tests of
Through Penetration Fire Stops." Conduits which penetrate fire
barriers are scaled in accordance with Edison Electric Institute,
" Conduit Fire Protection Research Program," report dated 6/1/87.
Where cable trays and HVAC ducts penetrate fire barriers, hangers
on each side (or top side) of the barrier are designed to
restrain the cable tray and ducts so that failure of hangers and
collapse of cable trays or ducts on either side of the barrier
will not pull the penetration seal assembly out of the opening.

*/ . 4f.
9. 5.1. m Fire Insulating Material

I

The design philosophy of the System 80+ is to provide
system / equipment - ..; division separation to preclude the"-

need for fire rated insulating material and radiant energy heat
shields. In the course of detailed design and development of the
Fire Hazards Analysis, it may be necessary to use these materials
to assure fire safety in accordance with the Standard Review
Plan.f If 'i__ .m w m,m. _: .,-:'--ir1 ..J _ .m J- - '-"

{m ,-q___ m (A !s e-u 73 5;_n_,. , _ _ _ _ _ _ . ,

m___... . .ms
_ __

- g fix _ , , _ _

--..:,, t.-_,.2- --.a... , - ,

'' " - - , --- ---- - - " -

_ ta - _ m .- 1-- m_ , ____.

~

J"Ca c G A T **f
~

Electrical components protected by fire insulating material have
t~

ampacity dorated based on insulating material property.
V* ~ " 9. 5: 15 p*, R C, in m s A1'n4 6 frArved'

5 /* * 'T.S.1.eme Isolation / Containment of Flames, Heat, Smoke, and !

S*I not Caseu

Isolation / containment of fire and products of combustion are
achieved by implementing elements of the defense-in-depth
concepts.

The System 80+ minimizes the available quantity of combustible
material by use of fiber optic cable which reduces the number of
control and signal cables (by an estimated order of magnitude

Amendment I
9.5-10 December 21, 1990
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from that which would otherwice be required). Equipment location
and separation by fire barriers as stated above serves to provideinherent containment of fire spread. Penetrations in firebarriers are designed to contain combustion products as well as
prevent fire spread. Ventilation systems are designed to provide Ismoke control capabilities which are necessary to preclude the lpossibility of redundant safety related equipment from beingdamaged by fire and spread of products of combustion. The
ventilation system for each area is arranged to ventilate

i

,

products of combuntion without spread to other areas.

The control building ventilation nystem in provided with separate
outside air intaken for the control room separate from theremainder of the control complex including the remote shutdown
room. Separate ductwork is utilized for the control room and
the remote shutdown room to eliminate smoke migration between the *

two areas.
J e4 56f 7 6.

% '-' * ol Complex has a smoke control system which utilizesr .. .
dedicated ~ 'xhaust fans, cmoke dampers and 100% outside air-..

@ cupplied by the tv molex air-handling unita. The smoke.

purge fans are sized to exhaus
. *m er sq. ft. The smokepurgo system is manually activated by the coi & v v .< .

In the cubsphere, electrical equipment rooms A, B, C and D on
elevation 50+0 are separated by channel with 3 hour fire

,

'

resistance barrierc. The two channels within a division share a
common ventilation system, but are separated by fire dampers. ySmoke purge fans are utilized to prevent smoke migration from one
channel to the other in the came divinion.
Smoke migration between divisionn in the nuclear annex is
prevented by providing a 3 hour fire resistance wall between
divisions with all penetrations cealed to maintain the 3 hour
fire resistance barrier. fic IIVAC ducts will penetrate the
divisional wall. Separate IIVAC systems are provided for each
side of the divisionally separated building. The stairwells are
preanurized to prevent smoke from entering and migrating between
elevations.

The ventilation systems handle cmoke purge by isolation of supply
air in the area in which the fire occurred. The normal exhaust
system for the area will purge the smoke providing a slight
negative pressure to the area in relation to surrounding areas
still receiving supply air. The exhaust filter unit is bypassed
in the smoke purge mode. This mode of operation is manuallyg( LactivateEDihy the control room. The recirculation cooling units
in an area with smoke will need a maintenance check to see if theprofilter needs replacing and the cooling coils need to becleaned after the cmoke purge is completed.
L fvoFI

Amendment J
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5'. R
9.5.1.1pu+ Interior Finish Materials y

Structural materials are classified as noncombustible or fireIK 7

resistive. |I
~

Interior finish, exposed thermal insulation, radiation shielding, |K ?

and acoustical materials meet the following criteria in the
,

installed configuration:
7

A. Flame spread of 25 or less

B. Smoke development of 450 or less

Floor coverings meet the following criterion in the installed K
sconfiguration:

2
- Minimum critical radiant flux of 0.45W/cm ,

Flame spread and smoke developed are measured in accordance with
ASTM E-84, " Test for Surf ace Burning Characteristics of . Building g
Materials." Critical radiant flux is measured in accordance with
ASTM E-648, " Test for Critical Radiant Flux of Floor Covering
Systems Using a Radiant Heat Energy Source."

If it is necessary to select a specific material which does not
meet or has not been tested to the above qualifications (in the

'

installed configuration), an engineering analysis will confirm
that the General Design Guidelines are met and there is no Ii

reduction in the fire safe quality of the plant.
t

9 . 5.1. E.3 Means of Egress

Personnel egress in the Nuclear Annex is arranged to meet
provisions of NFPA 101, " Life Safety Code" or NFPA

101m, |K
i

'

" Alternative Approaches to Life Safety." >

There are stairs in each quadrant of the Nuclear Annex enclosedlI L,

i by two-hour fire rated walls. Each stair tower is pressurized by |

| a dedicated f an mounted at the top of the tower. Exit pathways K j

| are clear and unobstructed, allowing personnel egress / access. |

|K-l

Access / egress into the Containment Building is through two
personnel air locks, one located on elevation 115+6 and one I

located on elevation 146+0.

Sealed beam, battery powered emergency lighting units are t

installed to illuminate emergency egress paths in accordance with|yj s

standards of NFPA 101, "The Life Safety Code." |K
'

|

!

Amendment K
9.5-10b october 30, 1992
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Sealed beam, 8-hour minimum battery powered emergency lighting
units are provided for all areas and access to areas that must be J
occupied for safe shutdown of the plant following a fire.

$$'.5)*b _ _ _ _ .,, .

. - - - .__x.... . . _ .
,

t

System 80+ plant arrangement and layout provides inherent
sep tion of safety related systems, equipment and components,
divisi and channels. The plant arrangement permits the unit I

to be tak to cold shutdown following a fire without the need to
implement r irs or for operators to perform extraordinary
manual actions utside of the control room or remote shutdown
panel room.

In the Nuclear Annex, ach division of safety related equipment |K
fire rated barriers. Exceptions areare separated by three-h '

'

the control room and the re te shutdown panel room which contain
safety related equipment ot _ach division and channel. The
control room and the remote sh down panel room are essentially
redundant to each other so that fire in either room will not
affect the ability to achieve cold utdown from the unaffected ycontrol system.

Electrical power, control, and instrume are separated and
electrically independent to preclude electri interaction and
associated circuit failures in accordance with 384-1, "IEEE"

Standard Criteria for Independence of Class 1E ipment and
Circuits." Associated circuits, as defined in Revi n 1 to

'

Generic Letter 81-12,Y ~
'will be avoided.

"Q N,dundant[1
-----

, ,::. %

or re safety related divisions and channels enter |Ibles
,"

,

th Reactor Building on elevation 91+9. Division 1, which[J
'

cons 1 of Channels A and C, enters the Reactor Building from
opposit dos, as does Division 2, which consists of Channels B
and D. Ch els A and B, which enter the Reactor Building in [
close proximi are separated by a three-hour fire rated

- '
y

barrier. Likewis Channels C and D, which enter the Reactor *

Building in close p. imity, are separated by a three-hour fire
rated barrier. These les then transgress the annulus. Each
safety related channel en the annulus in a separate quadrant-

,

and is separated from the om safety related channels by at
least 20 feet, without intervenin ombustibles. Where it is not
possible to maintain 20 feet witho intervening combustibles,
cables are enclosed in three-hour fir ated barriers or heat
shields until 20 feet separation is achie Heat shields and
separation distance will be justified by eng ering analysis. J
In addition, _ separation will be augmented with inklers and ,.

automatic fire detectors if required by the analy. Cable :
ampacity will be derated in accordance with the characte cs

'

of the insulating material.

Amendment K r
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side containment, safety related cables generally are confined
to c. respective quadrants. Where redundant divisions of

.'safety rc. d cables normally used for cold shutdown converge
inside contain... an engineering analysis confirms that cold*

,

shutdown can be acn. - utilizing systems and equipment which '

would not be affected by "o at that location. In each
'

potential Reactor Building fire - ario, cold shutdown is
assured by operation from the control I -

omote shutdown
panel without repairs or extraordinary operator actiu side of
*"

_ ...um . _ . . _ .---m.~ muon paneA tvva.
,

9.5.11 Fire Protection / Detection / Alarm Systems f

p< o +e c+, oa
The fire pmatn:La water supply and distribution system !

configuration is as shown in Figure 9.5.1-1, " Fire Protection
Water Distribution System." i

,

.

^

'"7 . I
9. 5.1 reur Fire Pumps and Water Supply

The fire protection water supply is provided by two, 300,000
gallon ground level storage tanks designed in accordance with |

NFPA 22, " Standard for Water Tanks for Private Fire Protection."
Each tank is equipped with a roof vent, roof access hatch, inside
and outside ladder, overflow pipe, and a water level indication i

instrument. i

Each tank has an automatic fill system supplied from the plant
treated water system. Use of treated water will. preclude

7potential system problems and deterioration associated' with raw <

water (i.e., biological organism invasion such as Asiatic clams
and microbiologically induced corrosion). The fill- system is
designed to refill either tank within eight hours. Water storage
tanks are heated as necessary to preclude freezing. Where '

heating is not practical, pumps are designed to automatically ,

begin recirculation through tanks when ambient temperature I

approaches the point where freezin g structs water flow to the t
n-_ ePumps. /M 0% p m is h a d 6 F eired e b.A % f.e %,,, Mg |

QIme s.ad sysk
yssm damnad.T[ Ode ~~pum,p- ~is

>\
~

~, ~ s

capacity 'flYe~pb?ip electric !
| There are two tull
| motor driven and one is diesel engine driven. Each pump is
| arranged to take suction from either tank. Each fire pump unit

is UL Listed for the specific application. Fire pumps are,
>

' designed in accordance with NFPA 20, " Standard for Installation
of Centrifugal Fire Pumps." Each fire pump includes an air '

release valve, set of suction and discharge gauges, and main
relief valve. The electric motor driven pump has a recirculation :
relief valve. The diesel engine driven pump is equipped with an i
adjustable speed governor, overspeed protection, and redundant !
battery units including chargers. Controllers for each pump are '

!

,

Amendment I >
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i
!UL Listed and include adjustable time delay starters and a

mercury pressure switch with high and low pressure settings. The j
following alarms are provided: -|

A. Electric driven pump *

1. Pump running f
f

2. Loss of power |

'
B. Diesel driven pump

1. Engine running 7

|

2. Controller in " manual position" j
!

3. Low engine oil pressure
$

'

4. High engine coolant temperature

5. Failure to start
i

6. Shutdown from overspeed ,

I !
7. Battery failure :

!

8. Battery charger failure
f
[The diesel fuel oil storage tank is sized to provide an

eight-hour fuel supply to the diesel engine driven fire pump.
The tank is located in the diesel driven pump' room 'for
environmental control and to assure fuel quality. 'i

!
The motor driven fire pump and the diesel-engine driven fire pump !
are separated by a three-hour fire' rated barrier to assure hat :t
~both pumps would not be damaged by a single. fire. Each fire pump i

room is protected by an automatic sprinkler system to further !
reduce fire exposure. ;!

.I
Discharge piping of each pump is interconnected so that either i
pump can supply either connection to the underground water _ !
distribution system. !

:

The fire : pump test header includes a flow meter ~ t'o facilitate [
! fire pump testing and a hose header to facilitate system |

| flushing.
|- !

L . Fire pump and storage tank piping is designed to provide a fully. |
|- adequate water supply to sprinkler and fire hose standpipe 1
L *

| Amendment I
9.5-13 December 21,.1990
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systems with one fire pump and one water storage tank out of
service.

!

The electric motor driven fire pump is powered by the unit !
7auxiliary power supply. Back-up power is provided by the site :

alternate AC power supply combustion turbine and electrically !

protected so that fire in the power house will not interrupt pump i
operation. i

A jockey pump provides system pressure maintenance to avoid |K
starting of the main fire pumps under nonfire conditions.

,

9.5.1.b Water Distribution System, Hydrants, and Hose
Houses |

Underground water distribution piping is cement lined ductile
iron or plastic which is UL Listed or Factory Mutual Approved for
fire service. Interior and above ground pipe is galvanized
carbon steel which complies with ASTM A53, " Standard
Specification for Welded Pipe, Steel, Black and Hot Dipped, Zinc

,

Coated and Seamless Steel Pipe." Piping is " looped" around the }
power block and cross- connected within the Nuclear Annex so that |
sprinkler systems have redundant water supply flow paths. Two

'

pipes penetrate containment, to provide redundant w5ter supplies '

to primary and back-up fire protection systems. i
i

Piping is sized based on water flow with the shortest flow path f
out of service. Calculations are based on anticipated internal ;

Ipipe roughness after 60 years of service. |

Sprinkler systems and hose station connections to the water ,'
distribution system are arranged so that a single impairment will !
not isolate primary and secondary protection for any area. !

t

Fire hydrants are located about 250 feet apart around the yard !
loop. Hydrants are provided with individual isolation valves so i

that they can be individually isolated for repair. Each hydrant
has 2-2 inch outlets individually controlled by gate valves.
Fire hose houses are located near alternate fire hydrants. Hose ,

house equipment includes * *

|
A. 350 ft of 2 inch fire hose |

B. 150 ft of 1 inch fire hose !

C. 2-2 inch x 1 inch gated wye connectors [
;

'
D. 2-2 inch adjustable spray nozzles

-!
!

|

|

i

Amendment X
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E. 2-1 inch adjustable spray nozzles

F. 2-2\ inch hose coupling gaskets ;

G. 2-1 inch hose coupling gaskets
I

fH. 4 coupling spanner wrenches

I. 1 hydrant wrench
,

Where hydrants or hose houses are subject to damage by vehicle '

damage, appropriate guards and barriers are provided for
protection.

Sectional isolation valves are located throughout the water ,

distribution system to assure that any portion of the
distribution system that serves buildings containing safety -

3related systems, equipment, and components can be 7',^'?

without isolating primary and secondary fire protection-. yAntei
L rJ55RT * T.
The fire protection water distribution system complies with NFPA
24, " Standard for Private Fire Scrvice Mains."

;

Piping, valves, fittings, and fire hydrants are designed for 175
psi operating pressure.

M
9. 5.1.tuas Automatic Sprinkler Systems '

l
A. Description

!

Automatic preaction sprinkler systems are utilized for fixed I
,

fire protection in the Nuclear Annex, Reactor Building, and '

the alternate AC source - Combustion Turbine, as determined
by the Fire Hazard Analysis. Wet pipe automatic sprinkler
systems are used where preaction type systems are not :
mandated by the plant Design Basis,

i
A proaction sprinkler system consists of a piping

'

3
distribution system which supplies water to sprinkler heads
which are located based on engineering.- analysis 'and
requirements of NFPA 13, " Standard for Installation of
Automatic Sprinkler Systems," to assure adequate water
distribution and to preclude the possibility of interference
with the water distribution pattern due to obstruction by
other plant equipment and components. Sprinkler heads are
normally closed and are actuated by heat sensitive elements.
Actuation temperatures of . these elements are based on _ the I
individual location and application. Distribution piping
between the system control station and sprinkler heads is

!

Amendment J
9.5-15 April 30, 1992
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normally dry and supervised with air or nitrogen. Wateris|Jheld at a speciality "preaction valve" at the system control
station. The system includes a fire detection subsystem
activated by fire or smoke detection devices, selected by ,

'

engineering analysis for the specific location and
application based on the Fire Hazards Analysis. Upon
activation of a fire detection device, the automatic
preaction control valve opens, allowing water into the .

piping system. !

,

-Water is then discharged only through sprinkler heads in
which the heat sensitive element has actuated, thereby i

applying water only to the area involved in fire. Each
preaction sprinkler system has a manual control valve
immediately upstream of the preaction control valve and I- >

mechanical trim to accommodate testing and maintenance.
Alarms monitor system air pressure and water flow. Each
system alarms and annunciates locally and in the contr'ol
room to alert station personnel to actuation. The main
control station is located outside of the protected area.

| Two inch drains and inspector's test connections are ;provided to test system water flow and alarm operation.
Each drain and test connection is arranged to discharge into
a station drain for water control.

B. Coverage
145 6RT * 4n

he following areas are protected by automatic preaction
s inkler systems:

1. 'evation 50+0, Nuclear Annex
,

!

| nitorial/ Health Physics Storage / Work Area.a.
I

b. Main ance Work Areas.

c. Personnel sles.
*

d. General Storag sreas.

e. Diesel Generator Bul ings.

f. Primary Chemistry Lab Ar

g. Chemical and Volume Control P Room.

h. Chemical and Volume Control Equipme Room. I

,

,

Amendment K
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Elevation 50+0, Reactor Building.

I

a. Turbine Driven Emergency Feedwater Pump Rooms,
Divisions I and II.

3. .levation 70+0, Nuclear Annex

Ea Channel A, B, C, D Personnel Access Aisles.

b. Essential Chilled Water Areas.

|I4. Eleva _on 91+9, Nuclear Annex

a. Pe onnel Access Areas.
K

| b. Radi ion Access Control.

c. Mainte nce Areas - (Hot Machine Shop,
Deconta ' nation Room and Truck Bay). I

5. Elevation 115+ Nuclear Annex

a. Storage Room |K
,

b. Maintenance Ar 1.
7

c. Tool Storage Roo.

d. Personnel Decontam ation Areas. K

e. Break Room. gy

6. Elevation 115+6, Reactor Bu. ding g

a. Reactor Coolant Pump Mot s.

7. Elevation 130+6, Nuclear Annex I

( a. Technical Support Center.
I -

b. Maintenance Area.
|K

8 Elevation 146+0, Nuclear Annex

| a. Maintenance Area.
I

b. Hot Tool Crib Rooms. g

| c. Personnel Decontamination Areas.

Amendment K
9.5-17 October 30, 1992
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K.
,

Sprinkler system design specifications (i.e., design density
over the designed operating area) is determined by the Fire
Hazards Analysis. Each system is designed based on the
available water supply with 750 gpm reserved for hose '

streams. '

i

C. Systems Interaction

1. Sprinkler system piping is seismically restrained to
avoid interaction with systems, equipment, and
components which must function following the design
basis seismic event.

|

2. Sprinkler head locations are selected and analyzed to
assure that water spray does not expose redundantt

! equipment required to achieve cold shutdown or high !

! voltage electrical equipment which may result in a
personnel hazard. *

I

3. Sprinkler systems are analyzed to assure that pipe
break / water spray does not potentially expose; equipment
required for cold shutdown. y&dd

4. Sprinkler system drains and test connectio'ns are routed
to unit drains to control water discharge. '

5. In areas where. equipment is subject to damage by water
accumulation, floor drains are provided or equipment is

j installed on elevated platforms to avoid damage.

6. Sprinklet heads are located as required by NFPA 13.
Other plant equipment and components are located so

'
that they do not obstruct the designed sprinkler water :

'

discharge pattern. If obstruction is unavoidable,
additional sprinkler heads are installed to assure
proper water distribution.

|

7. Where installed, automatic sprinkler systems are
considered primary protection. Portable extinguishers,

l and fire hose stations are provided for back-up -

protection.
| 3Sggy t g La.%<h d
~ Sprinkler system components including manual isolation
valves, preaction control valves, pipe, fittings hangers, , ,

' ' ~ ~ '.sprinkler heads, and detectors are Underwriter's
,

Listed or Factory Mutual Approved for use in fire protection
cskwnedsystems. Pa soccey4say LosM e s Apprush egone,usai es >

ss.l( L y tv., , i a , g,4 ,,y,,, ta f,, g, ,g j g i, , ,

At+swed.
>

Amendment K
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Q . 5.1 E=3|| Fire Hose and Standpipe Systems

Fire hose and standpipe systems consists of piping connections to
the water distribution system, manual isolation valves, and 1
inch fire hose. These systems are installed in accordance with
NFPA 14, "Installatio of Fire Hose and Standpipe Syctems."

pOoo
Fire hose and'stan g systems are designed to be operational
following the design basis earthquake. The primary water supply
to the standpipe sys\em is from the fire protection water
distribution system. Eabh connection of the standpipe system to
the fire protection water \ distribution system includes a manual _

isolation and a back floV prevention check valve which are
4 _g

seismically qualiC ed. A 20, Z gallon seismically designed
e N ;; =-i z ed water ,soracer located - " ~

.!sd the Nuclear
tawk h Annex 1s connected to the fire hose standpipe system downstream ?*.
4f48H "iof the check valves. The 20,0:2 ? Water storage 'WF;___- c___

scg(M tank will provide @ gymn at a minimum of 65 psi tf anymfire hose
:4W(''''Uq stations in the Nucqear Annex or Reactor Building for two hour +y .

ie dW" f duration. In the event of loss of the fire grotecti n water
@'k distribution systemi following a seismic event the f re hosesupply the specified volume /standpipe system can and pressure to

related portions _ %^'hhe staticip.two one fire hoses in the e '

@*Ek" QUSy'M -

Fire hose stations are designed for Class III service (for use by I

building occupants and a fully trained structural fire brigade)
as defined by NFPA 14, " Fire Hose and Standpipe Systems."

SCfStandpipe system piping is sized to supply 500 gpm a minimum .g65 psi pressure from the primary water supply andF33F'gpm from '

the seismically designed back-up water supply. Each hose
connection to the standpipe includes a 1 inen and a 2 inch
connectinn. Connections have pressure reducing orifices if
necessary to maintain a maximum system pressure at 100 psi for
firefighter safety.

Hose stations are located so that any location where safety
related equipment may be damaged by fire can be reached with at k
least one effective hose stream. '

Hose stations are equipped with 1 inch fire hoses which are a
maximum of 100 feet long. Hose stations which protect electrical
equipment have adjustable spray nozzles qualified for use on
ennrei W M octrical equipment.

a. o'ev a.5ev/z s)t l4. O $ w b E , Isolation valves, and hose nozzles are Underwriter's
~

m i -i Listed or Factory Mutual Approved for use in fire
service.Au 4, q bua es c.cg 4,,, u ,d- iso l.,4wp ya,jq,5 g g , ,,,(
% NOY MR t \ A ble- Q$ lestgj ev A ppnved -

Amendment I
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r}.y
9. 5.1. '5::5 Portable Fire Fxtinguishers |

Portable fire extinguishers are located and arranged in !
7accordance with NFPA 10, " Standard for Installation and Use of

Portable Fire Extinguishers." An exception is that fire hose
stations are utilized for Class A fires except in the controli

water based extinguisher rated at:Jroom and computer room where a
I2A is installed.

,

Portable extinguishers are located such that extinguisher can be
reached with a maximum of 75 feet of travel from any protected |

location. An exception is that in high radiation areas where the
Fire Hazards Analysis determines that there is a minimum of !

combustible materials and a minimum of risk to safety related
'

equipment or equipment necessary to maintain unit availability,
fire extinguishers are located outside of the area where
responding fire brigade members can obtain an extinguisher and
carry it into the area for use. This is consistent with ALARA '

principles.

Due to the potential for chemical corrosion of safety related #

equipment and components, dry chemical extinguishers are not
installed in safety related portions of the station. Dry
chemical extinguishers are located in the fire brigade equipment ,

room and are used at the discretion of the fire brigade captain.
,

I
Inside containment, during power operation, fire extinguishers i

are located near the personnel access portals (rather than
throughout containment). During maintenance outages, additional
fire extinguishers will be moved into containment to support i

maintenance activities.

Fire extinguishers are located to be accessible. Locations are
clearly marked to be prominently visible.

Labera;4ories
Fire extinguishers are Underwriter's L_i _ y Listed or Factory ,

,

Mutual Approved for use in fire protection service.
I 7. (, j

i 9.5.1.*JWE Fire Detection and Alarm System *

~ '

| | sqs GR.T & 10
'urd = t a.m m Z iz e aeteuir sym w a mstalled in w e-" +'

Nuclear h and portions of the Reactor Building. f- neas
~ covered by the 11ru - ~ ion system are established by the Fire {
Hazards Analysis based on tne ^*antial hazard risk to safety ?,

related equipment and equipment neve. to maintain unit-"

! availability, potential detector effective based on ,

engineering technique of NFPA 72, " Fire Detection a arm :

Systems"), and ALARA concerns. The fire detector system des !

i !

|

Amendment J
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W hy is- to cover areas which contain major electrical I

equipment components (such as control rooms, system transfer ;

switches, compu switchgear, motor control centers, battery, I
inverters, and technic ets), major safety related pumps,
ventilation equipment areas, a e containing substantial
quantities of combustible material cuch ao e room storage, !

contaminated area step off pads, and laundry areas.
m |

,

The type of fire detectors considered for use in the System 8 0+* |K |
are as follows:

A. Heat detectors - designed to operate at predetermined
ambient temperature.

t$ . Ionization and photoelectric smoke detectors - designed to
j operate in the presence of particles of combustion.

C. Flame detectors - designed to operate by detection of
infrared, visible, or ultraviolet radiation.

D. Continuous line type detection - designed to operate when
exposed to a predetermined ambient temperature.r :: cf ri;;.

Detectors are specifically selected for each location based on
.

potential fire hazard, need for timely actuation, ambient
conditions, ventilation and ceiling height, as determined in the I
Fire Hazards Analysis.
Se. + 4va, d.A.cs <s,

h A are " addressable." The central control panel is a
microprocessor based " intelligent" system. This arrangement
allows detector sensitivity and function to be determined at the
control panel.

i

Manual pull stations are addressable and are located as
determined by the Fire Hazards Analysis. Either manual pull :stations or individual fire detectors can activate the central
control panel which initiates alarm and annunciation in the
control room and locally in the vicinity of the activated device.

The control panel is located in the control room for operator
convenience.

The fire detection and alarm system is powered from the station
auxiliary, safety grade, power distribution system. The control
panel contains back-up batteries capable of supplying power to
detection system for 24 hours consistent with requirements of ,

'

| NFPA 72, " Fire Detectors and Alarm Systems."
'

( ,

- Failure of the fire detection and alarm system would not affect
operation of other plant systems.

Amendment K
,
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sp La. boy a.hrinJ '

Fire detectors ,. control panels, and manual pull stations are
Underwriter's L________f Listed or Factory Mutual Approved for i

| fire protection service.
'

| 5
9.5.1.9* System Interfaces I

8.( i

9 . 5.1.enWP Emergency Lighting .

Epp t/sv

Sealed beam, battery powered lights are located, ae determined by
the Fire Hazards Analysis, for personnel egress in accordance ,

with NFPA 101, " Life Safety Code," as well as in the control
room, Technical Support Center, Operations Support Center, the
Remote Shutdown Panel Room and the stairway which provide <= rg

from the Mntrol %'om, on elevation 'HWOVand to elevationaccess
Kg where the -- - r ~ **-'~- _ - ' ~ ^ -

Z..._,_. :

| f _11 - ' -- , - - - _ _ _ _1 r ; ;"-_,_''^
m.~ __ - - _ . _ . _ _ j

- - - - .... Remote Shutdown Panel Roomyes locadecl...

Ba ies of these emergency lights are designed for eight hours
continuous operation following loss of station auxiliary power.
Bulbs are located;so that adequate illumination is provided and
is not obstructed by plant equipment and components.

had div c+cd.
Battery powered, emergency lighting units are Underwriter's
Laboratory Listed.

,

1b2
9.5.1.enum Ventilation Systems

Fire and smoke control are recognized as important elements of
the overall fire protection program. The ventilation systems are
designed in accordance with NFPA 90A, " Air Conditioning and

IVentilation Systems" and NFPA 204M, " Smoke Control Systems."
'

i

Ventilation Systems are division-specific so that fire or smoke
in an area containing a safety related division of equipment
cannot migrate through the ventilation ducts to an area -

containing the redundant division of safety related equipment.
Fire dampers are installed in fire rated barriers and have the
same fire resistance rating as the barrier. Exceptions are the
Containment Purge and Pressure Control Systems and Annulus
Ventilation System which must function following some plant
design basis accidents to prevent release of radioactivity. Fire
dampers are not installed in these systems because failure or
spurious actuation would interfere with system safety function.>$>
Deemoseeno-moub p e Nuclear Annex Control Complex Smoke h h duumsew
System, motor operated smoke control dampers maar installed in lieu

!

of thbrmally operated, automatic closi g fire dam r s

_ d\'M GiQn&c.O Puf f e-; descripedbelow. J,

I hd4 cm hJadaeO l h
|

-

! Amendment K
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The smoke control design philosophy is to allow for smoke venting
from any plant area without spreading to adjacent areas, to
maintain plant habitability for operator protection and to ensure
protection of the public. The containment, subsphere, fuel pool,
nuclear annex and two diesel buildings are each served by 100%
outside air and 100% exhaust ventilation systems.

Smoke control and exhaust is accomplished by aligning the y
ventilation to supply 100% outside air and to exhaust directly to

.

the outside. Smoke and gases containing radioactive materials |

are routed through a filter train to the unit vent if a
radioactive signal is received. The control complex has smoke
exhaust fans to remove smoke from specific areas as determined by
control operators utilizing signals from smoke detectors located
'in exhaust and return air ducts. The control operator aligns
dampers to exhaust an area where fire occurs while isolating -

exhaust and return air in adjacent areas while supply dampers ,

remain open to create a slight positive pressure in adjacent
areas.

i
'

During the smoke purge mode of operation, the filter units areI
isolated and the smoke is bypassed around the filter units to the
atmosphere. The smoke purge is manually activated by the control
rocm after the fire is extinguished completely. Recirculation
cooling units in the smoke filled areas will need a maintenance
cheer to see if the prefilters need replacing and the cooling
coils need to be cleaned after the smoke purge is completed. J

A moist *2re eliminator is provided in each exhaust filter unit
upstream of the charcoal and HEPA filters to remove entrained
particulare water in the airstream. Electric heaters are
provided downstream of the moisture eliminators to vaporize the
water particles not removed by the moisture eliminators.

Fresh air intakes are located remote from the ventilation system
exhaust to preclude the possibility of contaminating the intake
air with products of combustion.

Stairwells in the Neclear Annex are individually pressurized with
roof-mounted fans to preclude smoke infiltration.

Carbon and high energy particulate air (HEPA) do not represent a I

potential exposure fire hazard to nearby safety related
components. Carbon, used in carbon filters, has a minimum
ignition temperature of 620*F. HEPA filters have a minimum
ignition temperature of 600*F. Normal heating system air
temperature is about 105'F. If the air temperature approaches
200*F, carbon will begin to release any adsorbed radioactive
iodine. If an air temperature excurcion occurs in the safety
related ventilation system with carbon or HEPA filters, the heat
sensor will cut off the filter train fan and the redundant fan

Amendment J
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serving the redundant division will begin to serve the area [1
involved; therefore, the fire will be isolated. I

8.3
9.5.1.e4!> Equipment Water Shields

Protection of equipment susceptible to water damage required for
safe shutdown of the plant from inadvertent or advertent
discharge of water from fire protection . systems will be through
use of water shields, conduit seals, curbs and drains, and
equipment pedestals.

It is not expected that shielding from the"7
-' ''

..

effects of water spray from overhead sprinkler systems will be
necessary. Sprinklers in safety related areas will be of the
automatic pre-action type that requires the activation of an
automatic fire detector and fusing of a sprinkler head prior to
releasing water. A pipe break downstream of the pre-action
control valve will not release water. Shielding from spray from
manual fire fighting operations will not be required outside of
containment. Redundant safety related equipment is separated
with 3-hour fire rated barriers which will confine the fire and
fire fighting operations to a single area. From a safe shutdown
standpoint it is assumed that the fire will render the equipment
in the affected area inoperable, and safe shutdown will be of no
consequence. All penetration seals in floors and walls up to a
height of 24 inches will be waterproofed to prevent water from J
the affected area from migrating to adjacent areas.

Safety related equipment in close proximity to fittings in the
standpipe and interior fire hose system will be shielded as
necessary to prevent damage from inadvertent discharge.
Shielding location will be finalized following as-built

i walkdowns.

l
i Inside containment, where redundant division equipment is located
! in close proximity, (i.e, within 20 feet of each other) , such as
| the motor operated depressurization valves located at the

| pressurizer, shielding will be provided as deemed necessary
following interaction review during detailed design and as-builtl

walkdowns.

die!?F'TT===rielm. The open ends of all vertical conduit, and the
i open ends of all horizontal conduit that terminate within 18
| inches of a floor, will be sealed to prevent water infiltration.
| t4
| 9. 5.1.guuP Curbs and Drains

Where fixed fire protection systems are installed, floor drains 1
are provided, sized to collect water discharge. In areas where
drainc are not installed due to pressure boundary constraints,

Amendment J
i 9.5-24 April 30, 1992
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equipment susceptible to water damage is installed on six-inch
elevated curbs.

Floor drains installed in areas where radioactive material may be
entrained in water discharge are routed to the radioactive water
sump so that it can be analyzed and treated if necessary before
release to the environment.

In areas containing combustible liquids, floor drains are
designed with water seal traps so that burning liquids cannot
flow into adjacent safety related areas through the drainage
system.

2.f
9.5. 1. es!!5* Reactor Coolant Pump Motor Oil Collection System

Each reactor coolant pump motor contains about 250 gallons of oil
used as a heat exchanger medium for motor cooling and for bearing I

lubrication. To preclude the potential for oil escaping from the
motor, an oil collection shroud is installed. WLan combustible
oil is used, the oil collection shroud is desi7ned to withstand
the design basis earthquake. Where fire resist.:nt oil (similar
to that commonly used in turbine governor control systems) is
used, the system is not seismically qualified but is seismically
restrained to prevent falling on other safety related equipment.
The shroud encloses the upper and lower oil reservoirs and
related piping so that any potential pressurized and
nonpressurized leakage points are contained. The shroud is
drained through a collection pipe to the reactor coolant pump
motor oil drain tank, located in the lowest level of containment
elevation 91+9. Each drain tank is located within a dike, sized
to contain the full inventory of tt motor oil. The vent for
each tank has a flame arrestor to revent the possibility of
burning oil vapor propagating into the tank. Each tank will be
provided with inventory level indication which is alarmed and a
annunciated in the control room.

7. 6
9. 5.1.h Fire 11rigade Radios

The station radio system includes a dedicated frequency for fire
brigade use. Dedicated radio units for fire brigade use are
located in the fire brigade equipment storage room. Radios are
stored in the charger base to assure they are fully charged when
needed. The frequency is selected to assure that plant security I

communication and protective relay systems are not affected.
There are an adequate number of units for at least five fire
brigade members, leaders, and spare units for additional brigade
membern and operators.

i

The fire brigade radio system has fixed repeaters located so that
fire brigade members can communicate with each other and the
control room from any location of the plant. Fixed repeaters are

Amendment J
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located and wiring routed so that radio communication is
available following fire in any area of the plant.

7.*7
9.5.1.94P5 Fire Brigade Breathing Air System

Fire brigade personnel protective equipment includes breathing
air cylinders. There is an adequate quantity of cylinders for
each fire brigade member (and a quantity of spare cylinders as
determined appropriate by the Fire Brigade Leader) located in the
Fire Brigade Equipment Storage room. In addition, a breathing
air compressor is provided in an area which would not be
susceptible to fire in a safety related area, and that is free of

Jairborne contaminants under normal conditions. The compressor
will be oil free or equipped with high temperature and carbon
monoxide alarms in accordance with 29 CFR 1910.134 (OSHA) Section
1910.134, Respiratory Protection. The breathing air compressor
is powered from the Alternate AC Sourra - Combustion Turbine.
Power and control cables for the breathing air compressor are
routed and protected to assure that fire in a safety related
portion of the station which requires th <3 use of fire brigade
Self-Contained Breathing Air (SCBA) units will not interrupt
operation of the breathing air compressor.

9
9.5.1.* Startup and Recurring System Tests and Inspections I

9.i
9. 5.1 ADF Fire Pumps

A. Acceptance Test Criteria

1. Hydrostatic Tests

Pump suction piping (except short lengths between
suction tanks and pumps) and discharge piping (up to
the pump discharge isolation valve) are pressure tested
at 200 psi or at 50 psi in excess of the maximum static
pressure if the maximum static pressure is in excess of J

150 psi for two hours. Maximum allowable leakage is
two quarts per hour per 100 gaskets or joints.

2. Performance Tests

Fire pumps are performance tested in accordance with
NFPA 20, " Standard for Centrifugal Fire Pumps."

7

a. Pumps are tested at minimum flow, rated flow, and
150% of rated flow. Performance shall be within i
5% of the manufacturer's characteristic
performance curve for flow and pressure. Voltage
shall be within 5% below or 10% above the rated

'

nameplate voltage.

Amendment J
9.5-26 April 30, 1992

_ .-. __ __..__ _ _. _ _ _ .



c

CESSAR naincmou

.

b. Pumps are started and brought up to speed without
interruptions under rated flow conditions.

c. Fire pump controllers shall perform at least 10
automatic and 10 manual starts, with the pump
driver operating for at least five minutes at full
speed during each operation. Controller operation
is initiated by each starting feature (i.e.,
pressure switch, manual start button, remote start
switch). Test of controllers of diesel engine
driven pumps shall be divided between redundant
battery sets. Each pump operates continuously for
at least one hour without overheating or excessive
vibration.

d. Local and remote alarms are verified during
acceptance testing.

e. The transfer switch which aligns the motor driven
fire pump to the Alternate AC Source - Combustion
Turbine shall be verified. At least half of the
manual and automatic pump operations during the
acceptance test are performed with the pump power I
source aligned to the Alternate AC Source -

Combustion Turbine bus.

f. Proper operation of the jockey pump, motor
controller, and pressure switch is confirmed.

B. Recurring Test

1. Annual Test

Fire pumps are performance tested in accordance with
NFPA 20, " Standard for Centrifugal Fire Pumps."

a. Fire pump controllers each perform at least one
start by each automatic and manual starting
feature. The fire pump driver operates at full
speed for at least five minutes.

b. Pumps are flow tested at minimum flow, rated flow,
and 150% of rated flow. Flow a rid pressure
performance shall be within 5% of the
manufacturer's characteristic pump curve,

c. Pressure settings for relief valves and pressure
switches are tested to assure performance at set
points.

Amendment I
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d. The diesel engine driven fire pump controller is :

started with both sets of batteries. The motor
*

driven fire pump is transferred under load from
the primary to the back-up power supply.

e. Test relief valves for actuation at the proper
setting.

f. Proper operation of the jockey pump unit is ,

verified.

2. Weekly Tests

Pumps are tested weekly to assure automatic starting
upon system pressure drop. The diesel engine driven ,

pump runs for at least 15 minutes, and the motor driven !

pump operates at least five minutes without excessive i

vibration or leakage at the packing. Diesel fuel tank
levels are checked to assure an adequate supply. j

9 eL i9.5.1 M Water Distribution System

The water distribution system is tested in accordance with NFPA t

24, " Standard for Private Fire Service Underground Mains." {
:

A. Acceptance Tests

1. Hydrostatic Tests

The water distribution system is hydrostatically tested !
at 200 psi or at 50 psi in excess of the maximum static !

pressure if the maximum static pressure is in excess of J |'

150 psi for at least two hours. Allowable leakage is
up to 2 quarts per hour per 100 pipe joints. ,

'

2. Flow Tests

a. Flow tests are conducted to assure adequate and
'

unobstructed flow through each flow path of the
water distribution system. The minimum acceptable *

I
flow rates are as follows:- 3

e 12 inch pipe 3520 gpm
* 10 inch pipe 2440 gpm
* 8 inch pipe 1560 gpm ,

6 inch pipe 880 gpm=

These flow rates result in flow velocity of at least 10
-

;
;

feet per second.
1
.

!

Amendment J
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Each fire hydrant is operated to assure that
distribution piping is unobstructed.

b. Water flow is conducted through each flow path of
the water distribution system to assure that the
minimum calculated flow and pressure is available.

c. Manual control valves are cycled to assure proper
operation.

d. Hose house equipment is inspected to assure there
is no visible damage to equipment and hose
hydrostatic tests are current.

B. Annual Tests

Flow tests are conducted for each flow path of the water
distribution system to assure the minimum flow and pressure
(based on engineering calculations) is available.

1 9. *3
| 9. 5.1 JW545 Automatic Sprinkler Systems
i

Ii Automatic sprinkler systems are tested in accordance with
NFPA-13, " Standard for Installation of Sprinkler Systems."

! A. Acceptance Tests

j 1. Hydrostatic Tests

| Automatic sprinkler systems are hydrostatically tested
at 200 psi or 50 psi above the maximum operating
pressure for at least two hours with no visible

i leakage.

2. Performance Tests

a. Preaction valves are functionally tested by a
simulated signal on a detector actuation device
and by remote and local manual actuation devices.

b. Air pressure maintenance devices and flow switches
are tested to assure proper operation.

c. Inspector's test connections and two inch drains
of each system are flow tested to assure piping is

i unobstructed and remote and local alarms operate
properly.

d. Each branch line and cross main is flushed to
assure that piping is unobstructed.

Amendment I
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B. Annual Tests

1. Control valves are cycled to verify proper operation.

2. Inspector's test connections are flow tested to assure
that piping is unobstructed and remote and local alarms
operate properly.

3. Preaction valves are actuated by local manual actuation
device which is part of the valve body trim.

4. Detector circuits which actuate preaction systems are
functionally tested by simulated signal to assure
circuit continuity.

C. Monthly Tests

Two inch drains are flow tested to assure that piping is
unobstructed and remote and local alarms operate properly.

NOTE: Automatic sprinkler systems in the containment
building (and other areas which are inaccessible during y
power operation) are inspected and tested during maintenance
and refueling outages.

9.5.1. Hose Station and Standpipe Systems

Hose station and standpipe systems are tested in accordance with
NFPA 14, " Standard for the Installation of Hose Station and
Standpipe Systems."

i

A. Acceptance Tests

1. Hose station and standpipe system piping is

; hydrostatically tested at 200 psi or at least 50 psi
,

above normal system pressure for at least two hoursj
| with no visible leakage.

2. Hose stations and standpipe systems are flushed with a
sufficient volume of water so as to remove all

| construction debris and trash that may accumulate

| during installation.

3. A flow test is conducted at the hydraulically most
remote outlet to assure that at least 500 gpm is

available at 65 psi.

B. Triennial Tests

T ., 4- - : vi-n hacac =va boarneracicallv romted in accordance--

,
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C. Annual Tests

1. Exterior fire hoses are hydrostatically tested in
accordance with manufacturer's instructions.

2. Hose stations are visually inspected to assure that
there is no visible degradation.

9,5*
9. 5.1.m Fire Detection and Alarm Systems

Fire detection and alarm systems are tested in accordance with
NFPA 72, " Fire Detector and Alarm Systems."

A. Acceptance Test

1. Detectors are actuated by simulated signal to assure
that sensitivity is within Listed or Approved
tolerances.

2. The system is tested to assure that each manual pull
station and detector device and activation circuit
properly actuates local alarm and remote alarm and
annunciation.

3. Loss of primary system power is simulated to assure
that the back-up battery power supply assumes the load. 1
Alarm conditions are simulated while the system is
powered by the back-up battery to assure proper
operation.

4. System trouble alarm is simulated by removing detectors
from the circuit. The test assures that a trouble
alarm does not incapacitate the unaffected portions of
the system.

B. Annual Tests

Detectors are actuated by simulated signal to assure that
sensitivity is within Listed or Approved tolerances.
9 6.

9. 5.1.aume Portable Fire Extinguishers

Portable fire extinguishers are tested in accordance with NFPA
10, " Portable Fire Extinguishers."

A. Acceptance Tests

Portable fire extinguishers are visually inspected- to assure
there is no obvious defects and that the extinguisher is
properly charged.

Amendment I
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B. Five Year Intervals

Water fire extinguishers are discharged and cylinders are
hydrostatically tested.

C. Twelve Year Intervals

carbon dioxide fire extinguishers are discharged and
cylinders are hydrostatically tested.
97

9.5.1. M Smoke Control

Smoke control features of the HVAC system are tested in
accordance with NFPA 90A, " Installation of Air Conditioning and
Ventilating Systems" and NFPA 204M, " Smoke and Heat Venting."

A. Acceptance Tests

1. Fire dampers are drop tested under anticipated air flow
conditions to assure proper operation.

2. The ventilation system for each area is aligned for
smoke ventilation (i.e., 100% fresh air intake and 100%
exhaust) to assure damper controls function properly.

3. Smoke dampers in return air ducts are actuated to 1
assure proper operation.

9,9
9 . 5.1. 9WEP Emergency Lighting

A. Acceptance Tests

1. Lighting units are inspected to assure that each bulb
is properly directed and unobstructed.

2. Ten percent of the lighting units are tested utilizing
battery power to assure operation for the designated
duration.

B. Annual Tests

1. Lighting units are inspected to assure that each bulb
is properly directed and unobstructed.

|
| 2. Ten percent of the lighting units are tested utilizing
' battery power to assure operation for the designated

duration.

1

|

|

Amendment I
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9.C7
9.5.1. Gee Fire Brigade Radios

,

A. Fire brigade radios are functionally tested, during |
preoperation testing, in each area of the plant to assure
proper operation.

.

B. Fire brigade radios are tested as part of station fire
drills to assure continued proper operation. 4

to :

9.5.1.6 Control of Combustible Materials

A program is established control of storage, use and disposal of .

y
combustible material. Combustible materials are defined as those !

materials which will ignite, burn, support combustion, or release
combustible vapors when exposed to fire or heat in the installed
configuration.

10 9
9. 5.1.euen Structures, Equipment, and Components

,

A. Structures

Structures are comprised of noncombustible material. Some
interior finish materials are of limited combustible
construction with the following fire resistive
characteristics:

1. Maximum flame spread of 25
2. Maximum smoke development of 450
3. Minimum critical radiant flux of .45W/cm2

E-34 i

Notes 1 and 2 are acceptance criteria of ASTM derne, " Test for K i

Surface Burning characteristics of Building Materials" Note
3 is obtained from """ 7, " Test for Critical Radiant Flux

| of Floor Covering Systems Using a Radiant Heat Energy
Source." + A STm E - 4 a/g

,

B. Equipment

some plant equipment contains synthetic materials such as
neoprene plastic and nylon parts. These quantities are not ypresent in concentrations which would create a significant
fire hazard. Locations containing significant quantities of

.

plastic material such as cable insulation are evaluated in
;the Fire' Hazards Analysis to consider the potential affects e

of combustion such as heavy smoke production and generation
of corrosive and toxic gases.

,

1
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*

Bulk hydrogen storage cylinders are located outside of the |
Nuclear Annex within the protected area. In safety related !
areas of the plant, hydrogen piping is designed to Seismic
Category 1 requirements.

,

Reactor coolant pump motors each contain about 250 gallons !

of oil for cooling.and lubrication. Potential leak points
are enclosed in a seismically designed oil collection shroud i

which drains to a full capacity, seismically designed tank
in the basement of the Reactor Building. Thus, oil escaping ,

from the reactor coolant pump motor would not create a -

potential fire hazard. (An option under consideration is
use of fire retardant oil similar to that commonly used in
turbine governor systems, which would reduce the potential i

for ignition and severity of a fire. An oil collection and
*

drain system would be provided but would not be seismically
qualified).

t
:

Some safety related pumps contain small quantities of ,

lubricating oil or grease. These pumps are reviewed on an '

individual basis in the Fire Hazards Analysis. Fire
7protection features are provided as determined appropriate.

:

C. Components
,

The majority of in situ combustible materials in safety
related areas of the plant consists of plastic insulation of 1

'

power, control, and instrumentation cables. Use of fiber
optic cables from the control room and individual !

multiplexer panels in designated train-specific areas, *

reduces the quantity of combustible cable insulation by an
estimated order of magnitude. Further, locations containing [
significant quantities of combustible materials are *

4

investigated in the Fire Hazards Analysis to consider the |
potential affects of burning, such as heavy smoke production !
and generation of corrosive and toxic gases. t

i

Some piping and HVAC insulation consists of synthetic rubber -

type products, where moisture control is a significant
Concern.

i
1 o . 3.

9 . 5 . 1. 35 e' Flammable and Combustible Liquids ;

f
Two above ground diesel fuel oil storage tanks (typically 67,500
gallons each) are located on either side of the Nuclear Annex,
Diesel Generator Rooms. Storage complies with NFPA 30, -

" Flammable and Combustible Liquids Code."
!
>

h

i

Amendment I
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There is a diesel fuel oil day tank (typically 900 gallons) in
each diesel generator room. Each tank is surrounded by a full I

height (of the tank) concrete dike sized to contain 110% of the
tank capacity. Penetrations in the dike are sealed. Drains are g
provided within the dike to remove spillage to a safe location.
Tank vents are routed outside of the room.

The Alternate AC Source - Combustion Turbine (CT) is located
remote from the Nuclear Annex such that fire involving the CT
will not affect nuclear safety related equipment. Fire
protection features are provided for the Combustion Turbine,
consistent with the Fire Protection Design objectives as ._

determined appropriate by the Fire Hazards Analysis.

Storage of flammable and combustible liquids complies with NFPA
30, " Flammable and Combustible Liquids." Cleaning fluids and
solvents are normally used in quantities of one gallon or less.

ro.1
9.S.1.9me Combustible Contents

re.l.I
9 . 5.1.JhmmhmA Combustible Furnishings

I

In areas designated as personnel work stations, change rooms,
break rooms and combustible material storage areas, combustible
furnishings, and work related material are present. In these
areas, the Fire Hazards Analysis assesses the potential for fire
ignition, growth, and consequences.

Based on this assessment, fire protection features are provided
to assure that the Fire Protection Design Basis Goals and
Objectives are met.

/ 0. 3. R
9.5.1.Wesse Transient Combustible Material

An administrative control program assures the amount of transient
combustible material in safety related areas are properly managed
and that additional fire protection features provided as
appropriate. When specific tasks are completed or at the end of
each shift, combustible waste material is collected and moved to
the designated waste collection area.

Portable cylinders of flammable and combustible gases are used in
the Nuclear Annex and Reactor Building. An administrative
control program implements a permit system to assure control of
use and storage of these cylinders.

Amendment K
9.5-35 October 30, 1992
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Storage and disposal of anticontamination clothing at radiation
control zone (RCZ) step-off pads is recognized as a potentially
significant transient combustible fire hazard. Therefore,
anticontamination clothing is stored in enclosed storage
cabinets. Cabinet doors are normally closed as required by
station directives. Used anticontaminated clothing is placed in
metal drums which have fusible link actuated or otherwise Listed
or Approved covers. Fire protection and detection features are
provided for step-off pad areas based on conclusions of the Fire
Hazards Analysis.

9.5.1 Fire Protection Program

11. 1
9 . 5 .1.thee Fire Prevention

A. Control of Hot Work

Cutting, welding, and grinding operations are governed by a
permit system as required by station administrative
controls. Each task is reviewed and an adequate number of
trained and qualified fire watch patrols established to
assure that hot slag or sparks do not ignite nearby in situ
combustible material and that transient combustible
materials are relocated outside the vicinity. Fire watch is

7maintained for at least 30 minutes after completion of hot
work to assure that residual hot material does not ignite
nearby combustible material.

B. Housekeeping

Station directives, developed based on the Fire Hazards
Analysis, determine an appropriate quantity of combustible
material that can be located in any area of the plant.
Where it is necessary to exceed the allowable quantity of
combustible material in an area, a permit system is
established to determine appropriate additional fire
protection features and the allowable duration of the
variation.

Designate plant functional groups have material
responsibility for specific plant areas and are responsible
for housekeeping in these designated plant areas.

Plant management conducts regular housekeeping inspections
to assure that the housekeeping program is being properly
implemented and that violations are promptly corrected.

Amendment I
9.5-36 December 21, 1990
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/l. A
'9.5.ls95E Personnel Qualifications
;

A. Fire Protection Engineer |

The individual responsible for developing and implementing
the overall fire protection program is designated as the i-

Fire Protection Engineer. The Fire Protection Engineer is a
P ;; " __ .: - _ _ - . . _ _ . , _ - _ _ _ - graduate of an i

~
'

mesessesmeeml engineering curriculum,with at least six years of '

engineering experience, three of which have been in
responsible charge of fire protection engineering
activities. 1.> ,,p ,, cc.c,p 4 b fe, s w d,ug

B. Fire Chief

The individual designated as Fire Chief has certification as
a firefighter training instructor. In addition, the Fire
Chief has experience in organizing, instructing, training,
drilling, and critiquing an industrial fire brigade.

C. Fire Brigade Members I

Fire brigade members have completed an initial. 40 hours
training consisting of a 40-hour course which includes
classroom instruction and practical fire fighting training.
Each member has passed a physical examination to assure
ability to participate in fire brigade activities.

.

Fire brigade members receive annual requalification training
and physical examination.

D. Fire Protection System Operation, Testing, and Maintenance

Functional groups responsible for fire protection system
operation, maintenance, and testing are qualified by
training and experience and understand functions of the
system.
//.3

9. 5.1 Ame Fire Brigade Organization, Training, and Records

The plant fire brigade is fully qualified for structural fire
yfighting. There are at least five fire brigade members on duty

at all times.

Fire brigade members receive annual physical examinations to
assure ability to perform fire fighting activities.

Amendment J
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!

<
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.

Fire brigade members are provided with the following personnel .

protective equipment
!

A. Turnout coats

fB. Boots

C. Gloves
t

D. Helmets

E. Self-contained breathing apparatus (SCBA) with full-face,
positive pressure mask rated for 60 minute duration. ,

!

In addition, the fire brigade organization is provided with the ;

following equipment: j
f

A. Breathing air compressor

B. Radio communication system

C. Portable battery powered lights

Portable smoke ;ejec.4ert ud /er Pos.4v4, pressure V u hl d .u A as
D. _,_

J
E. Portable fire extinguisher ,

p . */x l- VA .

*

F. Additional lengths of aisp+ inch and Mb Wh inch fire hose with9

nozzles, couplings, fitting, gaskets, spanner wrenches, etc.

G. Spare breathing air cylinders
i.

H. First aid kit [

There are at least 10 SCBAs reserved for fire brigade use. Each "

has two CO-minute reserve cylinders. The breathing air
compressor is powered from the station emergency power combustion ,

turbine. ;

Fire brigade training consists of initial classroom and practical
training. Initial classroom training consists of:

A. Instruction concerning the. fire fighting plan and member's !
responsibility. |

!

B. Review of the prefire plan which includes type and location
,

of fire hazards. .

,

C. Instruction of potential effects of fire, flame, hot
gases, and products of combustion.

r
t

Amendment J t
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D. Familiarization with plant layout, equipment functions and
potential hazards, location of fire protection equipment,
location of power supply controls, operation of ventilation
and smoke h systems, and access / egress routes for each
area. 7 Ye md

E. Use of available fire fighting equipment and correct method
of fighting fires in energized electrical equipment, fires
in cables, and cable trays, hydrogen fires and other types
of flammable and combustible liquids, and fires involving
ordinary combustible materials.

F. Use of fire brigade radios, portable emergency lighting,
smoke control equipment including pertable smoke ejectors,
and other manual fire fighting equipment.

G. Procedures for fire attack in buildings and confined spaces.
H. Instruction regarding fire fighting strategy for each fire

area, room, or zone.

I. Fire fighting activities are coordinated with the local
uesomewmeeer fire department to assure adequate back-up fire
fighting capability can be provided if necessary.

J. Operational precautions for fighting fire on nuclear power J

sites including radiological protection and special hazards
associated with a nuclear power plant.

Refresher and requalification training consists of the following
activities:

( A. Meetings with the local fire department are held annually to
review significant plant modifications and changes to fire
fighting strategies.

B. Periodic refresher training sessions are held so that each
j brigade member participates in training at least every two
' years.

C. Practice sessions are held for each brigade member in proper
fire fighting techniques and use of fire brigade equipment.
Each fire brigado member participates in at least one drill
per year.

D. Drills are performed in the plant at least once per quarter
for each shift. Each fire brigade member participates in at
least two drills per year. At least one drill per year, per

Amendment J
9.5-37b April 30, 1992
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|
t

shift, is unannounced, and at least one drill per year for ;

each shift occurs on the back shift. At least once _ per ;

year, the local fire department participates in station }

drills. ;

i

E. At least every three years, drills are critiqued by j

qualified individuals independent of the corporate staff, t

0 i
F. Drill critiques include: fire alarm _ ef fectiveness, time :

required for notification, fire brigade response, fire i
fighting strategies, use of fire fighting equipment and ,

suppression techniques, assessment of members' knowledge of [
roles and equipment use, and strategies and equipment use. !

|
>

The station prefire plan details fire fighting strategies for |
each area of the station including known hazards, location of i

'fire fighting equipment, location of controls for power supply I

and ventilation systems, and other pertinent information.

Drill scenarios are based on realistic potential fire events in :

various areas of the plant. Scenarios include fire growth, i

effect on safety-related and safe shutdown functions, and
availability of ventilation. i

Records of fire brigade member physical examination, training J
drills, and critiques are maintained on file. ,

i

NFPA 600, " Standard for Private Fire Brigades" is used as I

guidance in organization and training of the fire brigade, j
'

ICL
9. 5.1 m Fire Hazards Analysis !

A Fire Hazards Analysis is conducted for each room area or zone [
of the plant. Containing safety related equipment or equipment !

important to safety. It considers the function of major
equipment in the area, location and number of redundant equipment :
or functions, known and anticipated quantity and configuration of
combustible material, ventilation and smoke control, presences of .

predetermined fire protection features, and consequences of fire I

with and without fire protection features functioning properly,
.

i

Where the Fire Hazards Analysis determines that Design Objectives i

are met in accordance with Section 9.5.1.1, fire protection is ;

considered adequate.Th. Ferc NAs A4 05 AwALV5#5 ss /W a.s u l a ,u e d a K
fav+ o f -n s. Pisa Osssen 'Ba. sis.
9.5.1. M /3 Fire Protection Quality Assurance Program

The Fire Protection Quality Assurance Program implements a :

t" graded" approach focusing attention to features that assure that
design, procurement, installation, testing, operation, ,

!

'r

v

t

Amendment J . |
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maintenance, and repair are conducted as appropriate. The
program assures that systems, equipment, components, and
procedures produce the fire protection function as intended. The
program complies with the intent of NUREG 0800, Section 9.5.1,
" Standard Review Plan."

The program applies to features addressed in the Fire Hazards
Analysis as follows:

A. Features provided to separate or protect redundant systems
and equipment required to achieve cold shutdown.

B. Features which provide defense-in-depth for protection of
safety related systems, equipment, and components.

Program objectives are to assure that fire protection features,
including mechanical and electrical systems, fire barrier
components and fire insulating material, are properly designed,
installed, operated, and maintained in accordance with regulatory
requirements, industry standards, and National Fire Protection
Association codes and standards. Objectives are achieved as
follows:

I

A. Fire protection specialty items are tested and approved by a
nationally recognized testing laboratory.

B. Control design documents, procurement, and installation of
fire protection features.

C. Receipt inspection of specialty items to assure receipt of ,

proper materials. '

D. As-built inspections to assure proper material installation
and layout.

E. Operational tests of completed installations to assure that
systems function as intended.

Records of Quality Assurance activities are maintained on file
for future review.

Annual fire protection audits are conducted by a team of off-site
personnel including a QA Qualified Lead Auditor, fire protection
engineer, and an individual knowledgeable of plant systems.
Every third year, the Quality Assurance audit includes an
independent fire protection engineer who is not a direct employee
of the licensee.

Amendment I
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REFERENCE FOR SECTION 9.5.1

1. NFPA 10, " Portable Fire Extinguishers, Installation,
Maintenance, and Use"

2. NFPA 13, " Sprinkler Systems"

3. NFPA 14, " Standpipe and Hose Systems"

4. NFPA 15, " Water Spray Fixed Systems"

5. NFPA 20, " Centrifugal Fire Pumps"

6. NFPA 22, " Water Tanks for Private Fire Protection"

7. NFPA 24, " Private Fire Service Mains"

8. NFPA 26, " Supervision of Valves"

9. NFPA 30, " Flammable Combustible Liquids Code"

10. NFPA 51B, " Cutting and Welding Processes"

11. NFPA 70, " National Electric Code"

12. NFPA 72, " Fire Detection and Alarm Systems"

13. NFPA 80, " Fire Dcors and Windows"

14. NFPA 92M, " Waterproofing and Draining of Floors"

15. NFPA 101, " Life Safety Code"

16. NFPA 204M, " Smoke and Heat Venting Guide"

17. NFPA 220, " Types of Building Construction"

18. NFPA 232, " Protection of Records"

19. NFPA 251, " Fire Tests, Building Construction and Materials"

20. NFPA259, " Test Method for Potential Heat of Building
Materials"

21. NFPA 600, " Private Fire Brigades"

22. NFPA 802, " Recommended Fire Protection Practice for Nuclear
Reactors"

Amendment I
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23. NFPA 803, " Fire Protection of Nuclear Power Plants"

24. NUREG-0050, " Recommendations Related to Browns Ferry Fire,"
Report by Special Review Group, February 1976.

25. WASH-1400 (NUREG-75/014), " Reactor Safety Study - An
Assessment of Accident Risks in U.S. Commercial Nuclear
Power Plants," October 1985.

26. NUREG-75/087, " Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants."

Section 9.5.1, " Fire Protection Program."

Section 3.6.1, " Plant Design for Protection Against
Postulated Piping Failures in Fluid Systems outside
Containment

y

Section 6.4, " Habitability Systems."

27. Appendix A " General Design Criteria for Nuclear Power
Plants," to 10 CFR Part 50, " Licensing of Production and
Utilization Facilities" General Design Criterion 3, " Fire
Protection."

28. Regulatory Guide 1.6, " Independence Between Redundant
Standby (Onsite) Power Sources and Between Their
Distribution Systems."

29. Regulatory Guide 1.32, " Criteria for Safety-Related Electric
Power Systems for Nuclear Power Plants."

30. Regulatory Guide 1.52, " Design, Testing and Maintenance
Criteria for Engineered Safety Feature Atmosphere Cleanup
System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants."

31. Regulatory Guide 1.75, " Physical Independence of Electrical
Systems."

32. Regulatory Guide 1.88, " Collection, Storage and Maintenance
of Nuclear Power Plant Quality Assurance Records."

33. Regulatory Guide 1.101, " Emergency Planning for Nuclear
Power Plants."

34. ANSI Standard B31.1-1973, Power Piping."

Amendment I
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35. _ ASTM D-3286, " Test for Gross Calorific Value of Solid Fuel
by the Isothermal-Jacket Bomb Calorimeter (1973)

36. ASTM E-84, " Surface Burning Characteristics of Building
Materials (1976)."

37. ASTM E-119, " Fire Test of Building Construction and
Materials (1976)."

%39.IEEE Std. 383-1974, "IEEE Standard for Type Test of Class 1E
Electric Cables, Field Splices, and Connections for Nuclear

-

Power Generating Stations," April 15, 1974

MP'No.IEEE Std. 384-1981, "IEEE Standard Criteria for Independence
of Class 1E Equipment and Circuits."

E q|,MAERP-NELPIA, " Specifications for Fire Protection of New
Plants."

Jp4./2. Factory Mutual System Approval Guide - Equipment, Materials,
Services for Conservation of Property.

I

DA (f3" International Guidelines for the Fire Protection of Nuclear
Power Plants," National Nuclear Risks Insurance Pools, 2nd
Report (IGL) .

% W.NFPA Fire Protection Handbook.

%.8/.CSFPE Handbook of Fire Protection Engineering.

% Y4 Underwriters Laboratories Rating List.

% y7, Underwriters Laboratories, " Building Materials Directory."
!,

+ ST- 4' E * M, " Ts.s-l % &a,*ed 12=.d**.a4 F~Iox a p FI..v
co. rwy Sys#. s v , g ,_ m , a g . + sw s.o v e, "
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INSERT #1: SECTION 9.5.1.1.2.C (Third paragraph) Delete existing,
Insert: Inside Containment and the Annulus: Cables used for safe
shutdown functions will be three hour fire rated cable protective
systems (i.e., mineral insulated cable or equivalent). A

^

potential exception is containment penetrations installed in the
containment' vessel to transition between inner and outer -

Icontainment. These penetrations are currently available as one
hour fire rated. Three hour fire rated containment penetrations
will be purchased if available.

INSERT #2: SECTION 9.5.1.2.B Inside containment: Column line 17
bisects containment. Division 1 components are located (Plan)<

north of column line 17. Division 2 components are located (Plan) +

south of column line 17. Thus, redundant divisions are generally -,

located in separate hemispheres of containment. The Fire
'

Protection Safe Shutdown Analysis (which will be maintained as
part of the System 80+ design basis) will assure that fire at any
specific location inside containment will not affect redundant ;

safe shutdown components. It will also assure that redundant safe i

shutdown components such as instruments and valves will be
separated to the extent practicable as stipulated in SECY-90-
016," Evolutionary Light Water Reactor (LWR) Certification Issues
and Their Relationship to Current Regulatory Requirements".

As stated in section 9.5.1.1.2.C, cables used for safe
shutdown functions inside containment will be three hour fire
rated cable protective-systems (i.e., mineral insulated cables or ;

equivalent). An exception to the three hour fire resistance |

rating may be containment penetrations which are currently j

commercially available with one hour fire resistance rating.
iThree hour fire rated containment penetrations will be purchased

if available.

INSERT #3: SECTION 9.5.1.3.2 1: Where it is not practical to i

provide laboratory tested components, engineering analysis will ,

assure that an acceptable quality of fire safety is provided. The
engineering analysis will be submitted to NRC for review. j

INSERT #4: SECTION 9.5.1.3.2.6, Third sentence: Components that
may be protected by fire rated insulating material include
structural steel, cables and safe shutdown components. If any of
these features must be protected with fire rated insulating
material, the material will be qualified by test to acceptance
criteria that has been adopted by the Nuclear Regulatory i

Commission.

INSERT #5: SECTION 9.5.1.3.3 Fourth paragraph: The control
complex has a dedicated smoke removal system. The smoke removal
system serves the following areas: .

Channels A, B, C, D Vital Instrument and Equipment Rooms
i

|

!

|

._ .- - _ _ - __- _ _.__
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Divisions 1 & 2 Essential Electrical Equipment Rooms
Remote Shutdown Panel Room
Divisions 1 & 2 Non-Essential Equipment Rooms
CAS and Security Equipment Rooms
Computer Room and its Mechanical Equipment Room
Control Room
OSC Equipment Room
OSC
TSC
TSC Mechanical Equipment Room
Control Room Mechanical Equipment Room

The Control Complex Smoke Removal System utilizes dedicated smoke
exhaust fans for each safety related division. Dampers are three
hour fire rated, normally closed, motor operated smoke dampers.
The dampers are remotely actuated from the control room. Motor
operators and power and control cables are located on the
opposite side of the fire barrier from which smoke is to be
exhausted. The system uses 100% outside air supplied by the
Control complex air-handling units. The smoke purge fans are
sized to exhaust three cfm per square foot.

Insert #6: SECTION 9.5.1.4 Fourth paragraph: Delete existing:
Inside Containment and the Annulus: As stated in Section
9.5.1.1.2.C, three hour fire rated cable protective systems
-(i . e . , mineral insulated cable or the equivalent) are used for
cables associated with safe shutdown functions. An exception to
the three hour fire resistance rating may be' containment
penetrations that are currently commercially available with one
hour fire resistance rating. Three hour fire rated containment
penetrations will be purchased if available.

The only in situ combustible material inside containment
that may be exposed to a fire is-insulation of cables that are
not associated with safe shutdown functions. Redundant trains of
valves and instruments analyzed as an assured method of achieving
safe shutdown are physically separated such that a potential fire
will not affect redundant equipment.

The " Fire Protection Safe Shutdown Analysis" which will be
maintained as part of the plant Design Basis provides a' detailed
description of separation of redundant safe shutdown functions.

Insert #7 SECTION 9.5.1.5.2 Fire protection control valves will
be either locked or electrically supervised to assure they remain
in the open position. Administrative controls will assure that
the fire protection water supply system is not used for non fire
protection purposes.

INSERT #8: SECTION 9.5.1.5.2.B: Delete existing: Automatic
sprinkler systems will be installed in areas as stipulated in BTP
CMEB 9.5-1. Sprinklers will be installed in other areas, as
determined necessary to meet Fire Protection Program Design Basis
Goals and Objectives as stated in Sections 9.5.1.1.1 & 9.5.1.1.2;



. ..

i.

INSERT #9: SECTION 9 5.1.5.3.C: CESSAR-DC Section 3.4.4.1
contains a discussion of internal flood protection methods. These
flood protection methods will protect safe shutdown equipment
from internal flooding including flooding due to water released
during fire suppression activities.

INSERT #10: SECTION 9.5 1.5.6: A fixed automatic fire detection
system is installed in the Nuclear Annex and portions of the
Reactor building. Fire detection will be installed in the
following areas:

Areas containing major cable concentrations
'ISafe shutdown major pumps

Switchgear
Motor control centers
Battery and Inverter areas

|Relay rooms
|Fuel areasFire detectors will also be installed in other areas containing -- !
Iappreciable in situ or potentially transient combustible

materials such as change room storage contaminated area step off
pads-and laundry rooms.

INSERT #11: SECTION 9.5.1.2.G: The fans dedicated for smoke
purge are sized to provide a minimum of 3 CFM/ square foot of
floor area. The ventilation systems are sized to provide an air
flow of 1 CFM/ square foot of floor area or more depending upon
the area served. The layout of the ductwork is such that it
ensures ventilation of all corners of the area as much as
practical.

.________________________ - _
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4.S REACTOR MAT 13tIALS

4.5.1 CONTROL ELDtENT DRIVE STRUCTURAL MATERIALS

4.5.1.1 Material Specifications

A. The materials used in the control element drive mechanism
(CEDM) reactor coolant pressure boundary components are as
follows:

!
1. Motor housing assembly

SA 182, Type 347 (austenitic stainless steel)

ASME Code Case N-4-11 (modified Type 403 martensitic it.
stainless steel), and additional requirements of ASMEj f
SA-182 :P $N
3
SB 166 (nickel-chromium alloy)

2. Upper pressure housing

SA 213, Type 316 (austenitic stainless steel)

SA 479, Type 316 (austenitic stainless steel) { h

The above listed materials are also listed in Section III of .

the ASME Boiler and Pressure Vessel Code. In addition, the '
,

materials comply with Sections II and IX of the ASME Boiler i f
and Pressure Vessel Code. Code Case N-4-11 is acceptable

d;
<

per Regulatory Guide 1.85. -

The functions of the above listed components are described
in Section 3.9.4.1.

B. The materials in contact with the reactor coolant used in
the CEDM motor assembly components are as follows:

1. Latch guide tubes

ASTM A269, Type 316 (austenitic stainless steel)

Chrome Oxide (plasma spray treatment)

2. Magnet and spacer

ASTM A276, Type 410 (martensitic stainless steel)

|

0 |
Amendment,? )
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3. Latch and magnet housing

ASTM A276, Type 316 (austenitic stainless steel)

QQ-C-320, Class 2B (chrome plating) (D

?:

ASTM A276, Type 440C (martensitic stainless steel)

4. Spacer

ASTM A240, Type 304 (austenitic stainless steel)

5. Alignment Tab

ASTM A276, Type 410 (martensitic stainless steel)

6. Spring

AMS 5698B, Inconel X-750 (nickel base alloy)

7. Pin

functionally [:.,b
alloy) or anHaynes stellite No. 6B (cobalt base

alternate material demonstrated to be
equivalent i

8. Dowel pin

(44Tdecutic s+ainless steel) $ $300 Series GSY

9. Spacer and screw

ASTM A276, Type 321 (austenitic stainless steel)

10. Stop

ASTM A276, Type 304 (austenitic stainless steel)

11. Latch and pin

Haynes Stellite No. 36 (cobalt base alloy) or an } ,

alternate material demonstrated to be functionally ' [.
equivalent j'e

12. Locking cup and screws

Type 300 Series austenitic stainless steel

O
Amendment L

4.5-2 M?rch '' '943-
.
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E. Bolt and pin material

ASTM-A-453 and ASTM-A-638, Grade 660 material (trade name
A-286) is used for bolting and pin applications. This alloy
is heat treated in accordance with the ASTM specifications . p
by precipitation hardening at 1300-1400*F for 16 hours to a ,

minimum yield strength of 85,000 psi. Its corrosion
properties are similar to those of the Type 300 series
austenitic stainless steels. It is austenitic in all

conditions of fabrication and heat treatment. This alloy
was used for bolting in previous reactor systems and test
facilities in contact with primary coolant and has proven
completely satisfactory.

F. Chrome plating and hardfacing

G. Special Purpose Material N /
t'

7
SA 479 S 21800 (Trade Name Nitroni 60) is used for special r

applications where anti-galling p perties are desired. t

[ Chrome plating or hardfacing re employed on reactor core ; y'support and internals struc- res, ' components or portionsa

lthereof where required by fu ction. Chrome plating complies
t with Federal Specificatio No. QQ-C-320. The hardfacing I,B

employed is Sh llite 25 or an alternate material h
(material

~ f
-

demonstrated to be functionally equivalent.

All of the materials employed in the reactor internals and
in-core instrument support system have performed satisfactorily
in operating reactors such as Palisades (Docket-50-255), Fort

Calhoun (Docket-53-285) and Maine Yankee (Docket-50-309).

4.5.2.2 Welding Acceptance Standards <

Welds employed on reactor internals and core support structures _,

'f
are fabricated in accordance with Article NG-4000 in Section III,
and meet the acceptance standards delineated in article NG-5000,
Section III, Division I, and. control of welding is performed in
accordance with Section III, Division I, and Section IX of the
ASME Code. In addition, consistency with the recommendations of

,

31 and 1.44 is described in Section 4.5.2.3.Regulatory Guides 1

4.5.2.3 Fabrication and Processing of Austenitic Stainless
Steel

|

The fol1owing information applies to unstabi1ized austenitic
stainless steel as used in the react or internals.

O
Amendment /, |

4.5-8 March T L, 1993 |
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Exposure of completed or partially fabricaced components to
temperatures ranging from 800 to 1500"F is prohibited except as
described in Section 4.5.2.3.1.5.

,

Duplex, austenitic stainless steel- containing more than SFN
delta ferrite (weld metal, cast metal, weld deposit overlay) are
not considered unstabilized since these alloys do not sensitize,
i.e., form a continuous network of chromium-iron carbides.
Specifically, alloys in this category are:

CF8M Cast stainless steel (delta ferrite controlled
CF8 to SFN-30FN) ;Y

308, 309 Singly and combined stainless steel weld filler p
312, 316 metals (delta ferrite controlled to SFN415FN h

"
as deposited)

In duplex austenitic/ferritic alloys, chromium-iron carbides are
precipitated preferentially at the ferrite /austenite interfaces
during exposure to temperatures ranging from 800-1500*F. This
precipitate morphology precludes intergranular penetrations
associated with sensitized Type 300 se .-les stainless steels
exposed to oxygenated or otherwise fault (J Environments.

4.S.2.3.1.4 Avoidance of Sensi'_nat on
'

Exposure of unstabilized austenitic Type 300 series stainless
steels to temperatures ranging from 800 to 1500*F will result in
carbide precipitation. The degree of carbide precipitation or
sensitization depends on the temperature, the time at that
temperature, and the carbon content. Severe sensitization is
defined as a continuous grain boundary chromium-iron carbide

| network. This condition induces susceptibility to intergranular
; corrosion in oxygenated aqueous environments, as well as those
| containing halides. Such a metallurgical structure will readily

fail the Strauss Test, ASTM A708. Discontinuous precipitates
(i.e., an intermittent grain boundary carbide network) are not
susceptible to intergranular corrosion in a PWR environment.

Weld heat affected zone sensitized austenitic stainless steels
(which will fail the Strauss Test, ASTM A708) are avoided by
careful control of:

A. Weld heat input to less than 60 kJ/in

B. Interpass temperature to 350*F maximum

C. Carbon content to C 0.065 70 h %

O
Amendment f,

4.5-1O tterTL'h71, 1993
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TABLE 9.2.3-1
~

PRlHARY'AND SECONDARY MAKEllP WATER LIMITS W
| :

pH 6.0 to 8.0 ' B

Conductivity - Less than 0.7 - mho :
,

p@ !Chloride Less tha
. .co

phFluoride Less tha
.

Suspended Solids Less-tha ppm
rev%s

,.

;Silic %) Less than 0.01 ppm

Sobs le% k% - ff^ -

( $MM le% OM O M (T^
l h ,,a Le% 4hm 0 0Y [fA

(,'s% q\A $.t.% N O'N {f^

'N [g &m O,$ pp
Atosa

,

l<m [vj;, b O,02 ffm. ,1 [:

n

[eg dsg O. COL gA >

T',,

og Les % '' ft^
'

~

k:, ,

t

;

i
i
;

t
,

h
..,

.

:
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B. The CVCS is designed to supply makeup water or accept La

letdown due to power decreases or increases:

1. The system is designed for 10% step power increases
between 15% and 90% of full power and 10% step power
decreases between 100% and 25% full power, as well as
for ramp changes of +5% of full power per minute
between 15 and 100% power.

2. The Volume Control Tank (VCT) is sized with sufficient
capacity to accommodate the inventory change resulting
from a full to zero power decrease with no makeup
system operation, assuming that the VCT level is
Initially in the normal operating level band.

...$
C. The CVCS provides a means for maintaining activity in the / ""

RCS within the appropriate technical specification limit, g"assuming a one percent failed fuel condition __and continuous
-

full power operatio og 7 Jip fony rf;.IJ6cAA GhaJg em t
(AM tbwh< r1%)i24 reeu M __ ___ _

D. The CVCS is designe _

' ntal reactor

coolant |Bchemistry within the limits spec 1 in i ble 9.3.4-1. g
( E. Letdown and charging portions of the CVCS are designed to ';

withstand the design transients defined in Table 9.3.4-2
.

Bwithout any adverse effects, as applicable.

F. The CVCS has the capacity to receive and process all excess
.

reactor coolant generated during all normal and anticipated B ''

modes of operation. Excess coolant generated during typical
plant operations is shown in Table 9.3.4-3.

'
s.;tG. The CVCS is designed to provide 30 gpm of filtered flow to j

the reactor coolant pump seals and to accept a 20 gpm I
~

controlled bleedoff flow.

H. Components of the CVCS are designed in accordance with
3applicable standards or codes as shown in Table 9.3.4-4.

Safety classes and seismic classes are shown on Figure
9.3.4-1 Sheets 1 through 4, and in Section 3.2. I

I. The CVCS active valves are given in Table 9.3.4-7. Refer
also to Section 3.11 for environmental design criteria
applicable to CVCS valves.

. . .

' .e'J. The CVCS is designed to operate with no boric acid
concentration above the point where precipitation

could |Ioccur. The boric acid batching tank and discharge lines,
and the boric acid concentrator discharge line to the SWMS

Amendment I
9.3-31 December 21, 1990
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9.3.4 CllEMICAL AND VOLUME COffrROL SYSTEM ;

9.3.4.1 Design Bases
,

9.3.4.1.1 Functional Requirements

The chemical and Volume Control System (CVCS) is designed as a
non-safety-related system. As such, the CVCS is not required to
perform any accident mitigation or safe shutdown function. In
particular, the CVCS is not required to function in order to
ensure the capability to shut down the reactor and maintain it in
a safe shutdown condition, nor ensure the capability to prevent
or mitigate the consequences of plant accidents. It is not
required to show acceptable results for safety analysis. For the %gj

System 80+ Standard Design, safety functions are performed by
dedicated safety systems. Specifically, the safety injection
t.vstem is credited for RCS inventory control and boration in
Ch: pter 15 accident analyses, Chapter.6 Lors of Coolant Accidents
(LOCA) events, and safe shutdowns. Pressure control during these
events is accomplished via the safety depressurization and vent '

I
'-

system.
04;p$

Although not required to perform any accident mitigation or safe
shutdown functions, the chemical and volume control system is
essential for the normal day-to-day o?eration of the plant. The B

CVCS has therefore been provided with a high degree of
reliability and redundancy and has beer designed in accordance
with accepted industry standards and quality assurance
commensurate with its importance to plant operations.

The Chemical and Volume control System is designed to perform the
following functions:

A. Maintain the chemistry and purity of the reactor coolant
during normal operation and during shutdowns.

B. Maintain the required volume of water in the RCS,
compensating for reactor coolant contraction or expansion
resulting from changes in reactor coolant temperature and
for other coolant losses or additions.

C. Receive, store and separate borated waste for recycle, or
i discharge to the Liquid Waste Management System (LWMS).
! d

.

Amendment I
9.3-29 December 21, 1990
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D. Control the boron concentration in the RCS to obtain optimum
control Element Assembly (CEA) positioning, to compensate
for reactivity changes associated .. with major changes in
reactor coolant temperature, core- burnup, and xenon
variations, and to provide shutdown margin for maintenance
and refueling operations.

E. Provide auxiliary pressurizer spray for (1) control of
pressurizer pressure during the final stages of shutdown and
(2) to allow for pressurizer cooling.

I

F. Provide injection water at the proper temperature, pressure,
and purity for the reactor coolant pump seals, and collect qg
the controlled bleedoff from the reactor coolant, pump seals. '@gf

~^ ^ hf& $ k$Dk$h ,G. L-2 t;;t t?= ??C.

H. Provide a reactor makdup water bupply to various auxiliary
equipment.

I. Provi% a means for sluicing ion exchanger resin to the
Solid Waste Management System (SWMS). g

m.
J. Provide a means for continuous removal of noble gases from

.

the RCS.

W$$
K. Provide makeup to the spent fuel pool.

L. Provide purification of shutdown cooling flow.

M. Provide makeup for losses from small leaks in RCS piping.

N. Provide a means to purify the contents of the In-containment 4
Refueling Water Storage ' lank (IRWST).

B

O. Provide a means to add makeup and adj'mt the chemistry of
the IRWST.

| 9 . 3 . 4 .1. 2 Design Criteria

The CVCS is designed in accordance with the following criteria:

*
A. The CVCS is designed to accept RCS letdown flow when the

!' reactor coolant is heated at the maximum administrative rate
w k"Miof 75'F/hr and to provide the required makeup using one of

the two charging pumps when the reactor coolant is cooled at B
the maximum administrative rate of 75'F/hr.;

\
t

| Amenciaent I
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B. The CVCS is designed to supply makeup water or accept
letdown due to power decreases or increases:

I

1. The system is designed for 10% step power increases
between 15% and 90% of full power and 10% step power
decreases between 100% and 25% full power, as well as
for ramp changes of +5% of f r.11 power per minute
between 15 and 100% power.

2. The Volume Control Tank (VCT) is sized with sufficient
capacity to accommodate the inventory change resulting *

from a full to zero power decrease with no makeup
system operation, assuming that the VCT level is
initially in the normal operating level band. .,a

%
,

C. The CVCS provides a means for maintaining activity in the
RCS within the appropriate technical specification limit,
assuming a one percent failed fuel condition and continuous
full power operation.

:

chemistry within the limits specified in Table 9.3.4-1. coolant |BD. The CVCS is designed to maintain the reactor
*

- ecPe @''
E. Letdown and charging portions of the CMEd are designed to ,

withstand the design transients defined in Table 9.3.4-2 3
without any adverse effects, as applicable.

'

F. The CVCS has the capacity to receive and process all excess
reactor coolant generated during all normal and anticipated B '

modes of operation. Excess coolant generated during typical
plant operations is shown.in Table 9.3.4-3.

1

G. The CV,CS is designed to provide 30 gpm of filtered flow to
the geactor /oolant fump seals and to accept a jkf gpm I
controlled bleedoff flow. J.1

H. Components of the CVCS are designed in accordance with 1

3applicable standards or codes as shown in Table 9.3.4-4.
Safety classer and seismic 4% fees see pHqam et Figure

152 -2.9.3.4-1 Sheets 1 through 4, d i: C : tin 2g'Takic3 3d-1crd.,
~ in TEbTeT.gMby-'loforA.titP1 15CM- ,

4-7. Refer'

I. The CVCS active valves are
M to Section 3.11 for environmental design criteria

'

applicable to CVCS valves. , Q
J. The CVCS is designed to operate with no boric acid

concentration above the point where precipitation could
s occur. The boric acid batching tank and discharge lines. I

_a n d th: Lmc acid conc ntr2ter d!rch rg 'in: t: th: C P' ",

Amendment I
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are the only portions of th( system requiring heat tracing
to preclude boric acid precipitation. These portions of the i

system can contain fluid concentrated to 12 weight percent j
boric acid. The remaining portions of the system contain a f ,

'

lower boric acid concentration (less than 2.5 wt%), and heat ,

tracing to prevent precipitation .s not required. B

lost |I
C Olkk t

K. One charging pump has the c acity to replace the flow
to the containment due to -}eake in% mall RCS linesf, such
as instrument and sample lines. These lines trir:ll; have (
7/32-1,ngh I.D. b 1-inch long , flow restrict.i.ng d; . I :: . C(tftCIC 5

1/ W Lk A tn M S t\tR9(stC fp (A.ndP LfA. t, t4 tM fM4f- Of-c. Co*KC. !

L. The CVCS is designed to receive dischar es from drains and b(N . I
,

relief valves (see the RCS, SIS and rhutd-- .. C 2 In; C y . t -, ~~

/tCS/. lo
'

$
.

M. The CVCS provides for boron concentration adjustment in the |
RCS by feed and bleed. The maximum possible rate of boron
dilution is limited, such that the operator has sufficient
time to identify and terminate a boron dilution incident
prior to reaching criticality during any refueling .

operations (see Section 7.7.1.1.10 for a description of the ( fs ;.

boron dilution alarm). i ;
i

N. The CVCS concentrated boric acid reserve is sufficient to
' I !

make the reactor suberitical in the cold shutdown condition ,

with the most reactive CEA withdrawn. !

9.3.4.1.3 System Functions

9.3.4.1.3.1 Reactor Coolant Inventory
tR,AftfW '

The vol .e of water in the RCS is automatically controlled using
!level instrumentation located on the pressurizer. The

rizer level setpoint is programmed to vary as a function of |Bpres
temperature in order to minimize the transfer of fluidRCS i

between the RCS and CVCS during power changes. This linear
relationship is shown in Figure 5.4.10-2. Reactor power is

hitet detrnin1d f:r thic ri-mm in - .w the average reactor coolant -

,

196|I measurements.level error signal is obtained by comparing the ;

' temperature derived from ~ hot and cold leg temperature .

Ag programmed setpoint with the . measured pressurizer water level. ,

Volume control is achieved by- automatic control of the charging .

and letdown flow control valves in accordance with the 1.
pressurizer level control program shown in Figure 5.4.10-4. IMM

B gg ,
Two parallel charging pump flow control valves, two parallel
letdown flow control valves, and two parallel charging pumps are
provided. During e44. operations, one charging pump is running ;y

((A.t-toi fNW
Amendment I
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with one in standby. In addition, one of the letdown and one of ;

the charging pump flow control valves are selected for use. The
selected charging pump flow control valve is normally maintained
by the pressurizer level control program at a preset position

a constant Apesatsped flow rate at normal operatingto aegiwde give/
pressures. The position of the selected charging pump flow B

control valve is maintained constant by the pressurizer level
- control program, except in response to a high or low pressurizer

level condition as shown in Figure 5.4.10-4. Fine control of
pressurizer level is accomplished via letdown control. The
position of the selected letdown flow control valve is varied by
the pressurizer level control program in response to the level
error in order to compensate for small changes in pressurizer
level. =2 Lv Luce u aiLhl.- t'.; F;g r' 1;;;l t d. . s .m, 1

Vcf Set)*onP W
The level in the VCT is controlled autom ically. L edown flow
is diverted to the holdup tank via the re-holdup i exchanger $ dab
and gas stripper when the a..uvi high level is reae''-4 4 yq-.

The makeup system is normally set my for the automatic m 'e of g,g.a
operation, in which flow at a preset blend of boric acid % om the ddf4
Boric Acid Storage Tar k (BAST) and domineralized water from the bo$
Reactor Makeup Water Tank (RMWT) is mitiatud if t VCT yow bg/fm

BI

level signal. A low-low level signal automati ally closes an
i outlet valve on the VCT, pens the boric acid fl control byp ss M

E#0

ug +,Bvalve, and starts the bor c acid makeup pumps.
vcr paa

9.3.4.1,3.2 Reactor Coolant System Corrosion Control via
.

Pthe CVCS D
' Two che:aicals are added to the reactor coolant to control oxygen: N

(1) hydrazine during the precriticality period, or after a long %T.
shutdown; and (2) hydrogen during post-criticality. Hydrazine is
maintained in the reactor coolant in the range of 30 to 50 ppm
whenever the reactor coolant temperature is below 150*F and
reactor coolant is circulating. This prevents halide-induced
attack, which could occur if significant quantities of fluorides
or chlorides and significant amounts of dissolved oxygen are
present. During heatup, any dissolved oxygen is scavenged by the y

hydrazine, eliminating the potential for general corrosion. At
higher temperatures, the hydrazine decomposes, forming ammonia.
The resultant increase in pH aids in the development and
nointenance - of passive oxide films on /eactor 2oolant /ystem
surfaces. It has been we established that the corrosion rates
of Ni-Cr-Fe Alloy and 0-s ries stainless steels decrease with
time when exposed to no eactor coolant chemistry conditions,
approaching low steady state values within approximately '200
days. A high pH minimizes corrosion product release and assists
in the rapid development of the passive oxide film. Most of the
film is establishedywithin seven days at hot, high pH conditions.

j ,

~ M t.- Co(C, OfAMS
s

Amendment I i
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To aid in maintaining the pli during system passivation, lithium f
in the form of lithium hydroxide, is added to the coolant and I ;

maintained within a 1-2 ppm lithium-7 range.

At power, oxygen concentration is limited by maintaining excess
dissolved hydrogen gas in the coolant. The excess hydrogen
forces the water.decompositi . nthesis reaction in the reactor ,

synthes 's3 'a makeup water is removed in this
core toward water ther than hydrogen and oxygen
i c;.y d t Q:. . Oxygen adde :

""Y* .forMayt .
In order to minimize the effect of crud deposition on the reactor
core heat transfer surfaces, lithium-7 hydroxide additions are ,

made. Lithium-7 hydroxide produces conditions within the
reactor coolant at operating temperatu eSt at reduce the g$
corrosion product solubility and, e, the dissolved crud d9 !
inventory in the circulating _ reactor coolant. The elevated pII ;

promotes conditions within the coolant for selective deposition !

of corrosion products on cooler surfaces (steam generators) j
rather than hotter surfaces (core). An additional advantage is

.

'the formation of a more stable and tenacious passive oxide layer
on out-of-core system surfaces. The lithium concentration is

p 7'
#j Nmaintained within a 0.2-2.2 ppm lithium-7 range during operation. .

n0(nud "J. .

9.3.4.1.3.3 Reactivity Control

Boron concentration is normally controlled by feed-and-bleed. To
change concentration, the makeup system supplies either reactor t

makeup water or boric acid to the VCT, and the_ letdown stream is ;

diverted to the holdup tank via the pre-holdup lon exchanger and
the gas stripper. Toward the end of a fuel cycle, with low boric :

acid concentration in the coolant, feed-and-bleed to further
reduce boron concentration becomes inefficient, and the 'i

.

deborating ion exchanger is used. The deborating ion exchanger '

contains an anion resin initially in the hydroxyl form, which is
converted to a borate form as boron is removed from the reactor [
coolant. ;

i
'

9.3.4.2 System Description ,

;

9.3.4.2.1 System
,

is|3The normal reactor coolant flow- path through the CVCS
t indicated by the heavy lines on the flow diagrams (Figure

h. h) 49.3.4-1, Sheets 1 through 4 ) _. Design parameters for the major i

@components are shown in. Table 9.3.4-4. Normal operating y

parameters for the CVCS are listed in Table 9.3.4-5. Process
f)ow data is shown in Table 9.3.4-6.

'.

,

i

Amendment I
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Letdown flow from the RCS passes through the tube side of the
regenerative heat exchanger where an initial temperature 3
reduction takes place via heat transfer to cooler charging fluid

,

on the shell side of the heat exchanger. The regenerative heat
exchanger is designed to cool letdown flow to less than 450*F for
all normal operations and to heat the charging flow by a 1

'

minimum of 100*F. A final temperature reduction to the -

purification subsystem operating temperature is made by the !
letdown heat exchanger. The letdown heat exchanger is sized t '

Bcool inlet water from the maximum regenerative heat exchanger
outlet temperature to 120*F (or lower) for most operating
conditions. Both the letdown and the regenerative heat ;

exchangers are designed for full RCS pressure and both are i

located inside containment, gi
Letdown fluid pressure is reduced from RCS pree;ure to the
operating pressure of the purification subsystem 'n two stages.
The first pressure reduction occurs at the letdo n orifices and .

the second occurs at the letdown control valves located !

downstream of the orifices. The letdown ori ces are located
inside containment. The letdown orifices are -ized to pass the i

maximum letdown flow at full RCS pressure with thus control valve
.

I , full open. The orifice provides the pressure reduction necessary Mk
j to minimize egsion of the letdown control valve seating surfaces

during normal er:21-t ;-- operations. A bypass aaround, rc:-rt rthe orifices is provided for low pressure :valve
operations. The process flow idiltered via the purification i
filter > purified via a purification ion exchanger, and tdesu6-
sprayed into the VCT. An excess hydrogen inventory isr"huhed M, b3'":d I

twoMby keeping a hydrogen overpressure ser the VCT
on C. co6%.

The charging pumps normally take suction from the VCT and
discharge to the RCS. During normal operations, one charging i

op L., running and the other is in standby with power removed go
One letdo 'n and one charging pump flow control valve aredelected

'

SM f r use. al inje ti n Water IS Supplied to the /eactor M6olant

g fumps (RC ) by diverting a portion of the charging flow ct :- i

peht ir th; y;:: just downstream of the charging pumps. This *

seal flow is then heated in the seal injection heat exchanger to 4O#approximately 125'T before filtering. Once the flow has
'

filtered, the seal injection fluid is distributed to the cps.
The undiverted charging fluid is sent to the regenerative heat ,

exchanger where it is heated before injection into the RCS. 3

A chemical addition tank and a chemical addition metering _ pump M
are used to transfer chemical additives to the charging line
downstream of the seal injection takeoff connection. Sufficient
connections exist between the CVCS and the IRWST to allow for

} purification, inventory adjustments, and boron adjustments to the
contents of that tank.

1

Amendment I
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The boron recovery portion of the CVCS accepts letdown flow
diverted from the VCT as a result of feed and biced operations
for shutdowns, startups, and boron dilution over core life. The
diverted letdown flow, which has passed through a purification
filter and ion exchanger, also passes through the pre-holdup lon
exchanger. The pre-holdup ion exchanger retains cesium, lithium,
and other ionic radionuclides with high efficiency. The process
flow then passes through the gas stripper, where hydrogen and
fission gases are removed with high efficiency; thus (1)
precluding the buildup of explosive gas mixtures in the holdup

-

tank and (2) minimizing the release of radioactive fission

product gases in aerated vents or liquid discharges. The

degassed liquid is automatically pumped from the gas stripper to
the holdup tank.

Reactor coolant quality water from valve and equipment leakoffs, N
drains, and reliefs within the containment is collected in the
Reactor Drain Tank (RDT) and scheduled for batch processing.
Recoverable reactor coolant quality water outside the containment
from various equipment and valve leakoffs, reliefs, and drains is
collected in the Equipment Drain Tank (EDT) and scheduled for
batch processing. Reactor coolant collected in either of these

ti$,in;
,

tanks is periodically discharged by the reactor drain pumps
through the reactor drain filter and pre-holdup ion exchangeryand ) "

t: th; f1:1 pth described above. This
liquid is$_ m mdi";also pumped to the holdup tank.
processed

4(qN $N Autu1RA & Mtid WyMgw'oldup tank,
,

Jg
sufficient volume accumulates in the h it isWhen a

pumped by a holdup pump to the boric acid concentrator, where the
,

bottoms are concentrated to within the range of 4000 to 4400 ppm
boron. The boric acid concentrator bottoms are continuously

concentration thd [ BAST.
ormallyg We-monitored for proper boron y

to the In the y- -pumped ' directly-" ^ c nt r a t o r w um e
event that abnormal quantities of radionuclides are present, the d
bottoms are ?^="!;," * ^ ^ t M ?ci?* "^~^nt h i; : id m.l are

discharged to the9WMS. The boric acid concentrator distillate
passes through a boric acid condensate ion exchanger, where boric
acid carryover is removed. The distillate is collected in the
RMWT for reuse in the plant. If recycle is not desired, the
::ntnada is diverted to the LWMS.
d k$lidf.,

flow path through the CVCS can beWhen the SCS is operational, a 3
established for purification. This is accomplished by diverting

a portion of the flow from the shutdown cooling heat exchanger to
the letdown line upstream of the letdown heat exchanger. The h!%
flow then passes through the purification filter, purification 46
ion exchanger, and letdown strainer, and is returned to the
suction of the shutdown cooling pumps.

I )
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When continuous deg-sification of the RCS is desired, the letdown
flow is diverted rom the inlet 14me of the VCT to the gas
stripper, bypass' g the pre-holdup lon exchanger. The letdown B

flow is process in the gas stripper and is then returned to the
VCT via the no .a1 spray nozzle. Omf ficia.t hydrc;;cr :br rrtica

VCT hydrogen overpressure to replace the hydrogens._- .__ _ . .

removed during the gas stripping proces . The charging pumps
take suction from the VCT)and return th- processed fluid to the
RCS. ggg
A makeup subsystem of the CVCS provides for changes in RCS

boror (M8 .
T

concentration. Boron is initially added to the CVCS usina thd
IC eactor makeup water is added to the4tst"* bF 4~ ' rid intf I .3 ' r 'L R

g4g herir _;id ba t.c'. n + ' via the makeup supply header, and the
fluid is heated by immersion heaters. Boric acid powder is added |1
to the heated fluig while AbiP mixer agitates the fluid. A boric
acid concentratio4 as high as 12 weight percent can be prepared.
Electric immersion heaters maintain the temperature of the -

solution in the boric acid batching tank high enough to preclude
precipitation. The concentrated boric acid solution in the BABT I

is drawn into the boric acid batching eductor and diluted by
fluid being circulated tr;;@ ": L1 G Lat:hin; "" *rr

the BAST via the boric acid makeup pumps. The reactor M$
/frommakeup water p/umps can also be used by taking suction from the'

reactor makeup water tank and 1 121.., the water through the
eductor to the BAST. ML

pontsikj b
Boric acid solution stored in the BAST is/ supplied [via the

inthe|3
borde

acid makeup pumps, while the reactor makeup water stored
RMWT is supplied via the reactor makeup water pumps. Four
operational modes of CVCS makeup are provided: dilute, borate,
manual and automatic. In the dilute mode, a set quantity of
reactor makeup water is introduced into the V 3 r directly into
the chargin pump suction header via the vo me control tank
bypass val 3 t a preset rate. In the borate m a preset,

quantity o- oric acid is introduced into the VC or directly
into the charging pump suction header via the VCT b ass valv Q t *

a preset rate. In the manual mode, the flow rates of the reabEor
,

makeup water and the boric acid can be preset to give any blended !

solution |3
boric acid solution between zero and the boric acid

, .c d; inconcentration in the BAST (4000-4400 ppm). L uuuuul .

primer ? 'y " :' f- . Auy 6 'tr ^ '^*; Iulue,. T : r 'r . In the
automatic mode, a preset blehded boric acid solution is
automatically introduced into the /CT upon demand from the cela..~ V0f'
cc-- ~ ~' +- '- level controller. The preset solution concentration .ai!q(
is adjusted periodically by the ojierator to match the boric acid
concentration S ci ng = = i"* ' 4 "^^ in the RCS.

'y

) .

?

I

Amendment I
9.3-37 December 21, 1990

,

_ _ _ _ _ _ . _ . _ _ _ _ _ _ _ . _ _ . _ r- ,-



. .

-
.

-
,

CESSAREini6ou
,

\
)

' s
9.3.4.2.2 Component Description

The major components of the CVCS ar escribed in this section.
The principal component data summa neluding component design
cod s give 1 Table 9.3.4-4. ponent seismic and safety
cla e ficati nv e discussed in detail in Section 3.2.
A. Regenerative Heat Exchanger Q

'

The regenerative heat _ chang a verti ally mounted,
shell and tube (U-t e) hea ex anger Th regenerative .

heat exchanger cone rves RC the al ene gy by transferring ,

heat from the le down to he charg ng tdsw. Heating
the charging JWew serves to m imize charg ng nozzle thermal i Mi ,
transients. The heat excha er is design d to maintain a Ng

*letdown outlet temperatur below 450*F u der all normal
operating conditions. ;

B. Letdown Heat Exchanger ,

The letdown heat ex anger is a horizontally no nted, shell |
and tube heat exc anger. The letdown heat exc nger uses ..

*} %' ..component coolin water to cool the letdown 4Wsp from the
,

outlet temperat re of the regenerative heat exchanger to a [

temperature s itable for operation of the purification
,,

|
system. The letdown heat exchanger is sized to cool the ;

letdown 849# from the maximum outlet temperature of the '

regenerative heat exchanger (450*F) to below the maximum
allowable operating temperature of the ion exchange resins.

C. Purification Filters bWh.
.

fEach of the two purification filters is designed to remove
insoluble particulates from the letdown flow. Each filter J j, -
is designed to pass the maximum letdown flow without

'
exceeding the allowable differential pressure across the
filter elements in the maximum fouled condition.- Each ,

filter is designed for efficient remote removal of filter I

cartridges due to the buildup of high activity levels during
*

filter operation.

D. Purification Ion Exchangers
-NA. 8La i

Each of the two purification ion exchangers containsAmixed
.

bed res ng and is provided with the necessary connections to M@!k <
replace resin ( by sluicing. Each lon exchanger is designed '!On/

to pass the maximum letdown flow and is identical in
B

;

mechanical desig . The volume of resin contained in one ion / ,
;

exchanger is suff cient to continuously remove impurities }'

M ofw.
Amendment B ,
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and radionuclides from normal letdown flows. The other |

purification ion exchanger is used intermittently to control
the lithium concentration in the reactor coolant. >

|A M h
E. Deborating Ion Exchanger

-} p,
The deborating ion exchanger is identical t the
purification ion exchangers in me a ical desig The.

deborating ion exchanger contai .30A .nion resin. The
deborating ion exchanger is sized reduce the reactor
coolant boron concentration from 30 ppm to O' ppm using two

icharges of anion resin. .

H i1 X
F. Volume Control Tank wh'0 &

leMean %
The VCT is designed to ac umulate letdown water f r .. the

,

RCS, to provide for contro of hydrogen concentrati in the '

,

reactor coolant, and to provide a reservoir reactor
coolant for the chargin pumps. The VCT has sufficient-

[g
>cl m) below the

normal perating band and abo e a reserve
volum for vortex preve.tiod to accommodate ull charging I

hg flow for ten minutesy The VCT has sufficien volume above' ..

the normal operating aand to accumulate full a L y flow for MtO
,

five minutes (with charging secured)3 plus an additional
volume for a gas'cus tiorl sized to maintain VCT pressure in iB
the normal operating ange. The normal operating level band
accommodates the ma mum allowable RCS leakage for one hour

~ '

without the need fo make addition. The tank has hydrogen
and nitrogen gas s pplic nd a vent to the GWMS to enable
venting of hydrogo;, nit en, and fission gases.

Gfh no PfuMad fo@s,VtT. O.VcT ip OLot& sij i
-
s

G. Charging Pumps hw c, o e .f eoncci.c,a yaacup im
so repentsH vcT Baid fuc .)^ uttacted pt.noo hu. Q

The two charging pumps are multi-stage centrifugal type h
pumps. Each pump is provided with vent, drain, and flushing B

connections to minimize radiation levels during maintenance <

operations.

H. Charging Pump Mini-flow Ileat Exchanger
,

B
The charging pump mini-flow heat exchanger is a horizontally

'

mounted, shell and tube heat exchanger. The mini-flow heat ;

exchanger uses component cooling water to cool the !

recirculation flow from an operating charging pump.
I qi

I. Boric Acid Batching Tank E

The boric acid batching tank allows the operator to !

[ ' handling of up to 12 weight percent boric acid. The tank is
- conveniently mix boric acid. The tank is designed to permit

Amendment I
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insulated and has a reactor makeup water supply from the -

makeup supply header. Sampling provisions, a mixer,
temperature controller, and electric immersion heaters are
provided. I

J. Boric Acid Storage Tank
NUO

The BAST is sized to permit sd" back-to-back shutdown to cold
shutdown, followed by a shutdown for refueling at the most
limiting time in core cycle with the most reactive control
rod withdrawn. The maximum concentration of boric acid in
the tank shall be 2.50 weight percent.

K. Holdup Tank g
The holdup tank is si- d to store all recoverable reactor
coolant generated by back-to-back cold shutdown to five
percent subcritical with the most reactive CEA withdrawn and
subsequent startups at 90% core life.

L. Reactor Makeup Water Tank

59 4The reactor makeup water tank capacity is based on providing N

dilution to allow total recycle. The tank also provides ,)
dilution for a back-to-back shutdown and subsequent startup
at 90 percent core life.

M. Boric Acid Makeup Pumps

The two boric acid makeup pumps are singl tage,
centrifugal pumps. The pump motors are induction, s uirre
cage notors. The capacity of each boric acid makeup pump is5 ;

great (r than the maximum charging capacity. ga
-) , *

N. Reactor Makeup Water Pumps

The two reactor makeup water pumps are single stage,
centrifugal pumps. The pump motors are induction, squirrel
cage motors. The capacity of each reactor makeup water pump-
is greater than the maximum charging capacity.

O. Holdup Pumps

The two holdup pumps are single stage, centrifugal pumps.
The pump motors are induction, squirrel cage motors. is;

P. Chemical Addition Package

The chemica a dition package consists of a chemical )
addition tan.,1c emical addition pump, and a strainer. The
capacity of chemical addition tank is based upon the

Amendment I
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maximum anticipated amount of lithium to be added in one
batch. The chemical addition pump is a positive *

displacement pump with a variable capacity.
4

Q. Boric Acid Filter
.

The boric acid filter is designed to remove insoluble 3
particulates from the BAST and makeup flow. ;

R. Reactor Makeup Water Filter !

|

The reactor makeup water filter is designed to remove !
insoluble particulates from the reactor makeup water supply
to the resin sluice supply header, makeup header, and makeup sgs ;
system.

,

"

S. Reactor Drain Pumps

The two reactor drain pumps are sing age, centrifugal
pumps. The pump motors are induction, irrel cage motors..,

T. Reactor Drain Filter 4. ,,_

The reactor drain filter is designed to remove insoluble i

the feactor [ rain /ank,particulates from the contents of

pulpment/rainfank, and holdup tank. j

U. Reactor Drain Tank

The[cactorfain/ankisdesignedto:
'

3

Autdownl. receive relief valve discharges from the
polingand/afety/hjection/ystems -;;-

,

coeld4
2. receive gravity drains and leakage of reactor q.cd:
g qd my --- from components located within contain-

QEt ment,**d ,

3. receive gravity drains from the RCS. |
'

V. Equipment Drain Tank
'The /quipment / rain /ank receives gravity drains from the

recycle drain hepdcr and the ion exchanger drain header. :

The M uipment grain /ank is also sized to accept gas !
stripper bypass for 30 minutes)and to accept discharge 5from !

miscellaneous ronief valves. |

h@ !

,

Amendment B
,
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W. Preholdup lon Exchanger

The preholdup ion exchanger is identical to the purification
ion exchangers i echanical design. The preholdup ion

& ixed bed resin and is designed to passexchanger contai
the maximum letdo flow. The volume of resin contained in
the preholdup ion exchanger is sufficient to remove
impurities and radionuclides from normal letdown flows.

X. Gas Stripper
Dh ICACib(660!&N

The gas stripper ac leves efficient gas stripping $by heating
the process fluid nd passing it-dewa. through a packed tower
which employs s cam as a stripping medium. O.; 2: red g

_- gn,, - _ , ~ ' The gas stripper package #4-- c,,,a .

includes pumps [whLeh transfer the degassed process fluid to C |
the holdup tank,or to the VCT during continuous degassing of
normal letdown flow. Noncondensible gases, along with trace
quantities of fission gases and water vapor, flow to the
GWMS.

1

Y. Boric Acid Concentrator Package
. g,ig .

The br ric acid concentrator concentrates the boric acid
sol % ion in the process flow by means of evaporation. The
process flow enters the concentrator and is heated via

| recirculation through a steam heater. The vapor leaving the
recirculation flow is stripped of entrained liquid by
demisters, condensed, and pumped to the RMWT. The
concentrate (bottoms) is cooled and pumped to the BAST o(tM Bv y

CN L2 tis.
Z. Boric Acid Condensate Ion Exchanger

V
The boric acid condensate ion exchanger contains/ anion resin M
of sufficient volume to remove boron carryover from the
boric acid concentrator distillate, and is designed to pass
the maximum boric acid concentrator bypass flow.

AA. Seal Injection Filters

These two redundant filters are designed to remove insoluble
particle from the seal injection flow to the feactor

| A olant [s
,

umps. Each unit is designed to pass the maximum
'

anticipated flow without exceeding the allowable
differential pressure across the element in the maximum !$:h.

y

fouled condition. W

Amendment B
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IO hBB. Seal Injection Heat Exchanger jp w }tt deo.a.5 pact g
bThe seal injection heat exchanger is a vertical heat

(exchanger which uses steam (shell side) to heat the seal
injection flow (tube side). The seal injection heat 3
exchanger functions to maintain a relatively constant fluid
temperature to minimize thermal transients to the RCP seals. 4

9. .4.2.3 System Operation ,c

The hemical and Volume Control System is designed to be operated
as fo lows: j

A. P1- t Startup

Plant startup is the series of operations which bring the
plant rom a cold shutdown condition to a hot standby
conditio (normal operating pressure, zero power

Etemperature, with the reactor critical at a low power
level).

A *
Erm- charging mpf and a letdown control valves are used T
during the initi phase of /eactor/colant/ystem heatup to C $s
maintain RCS press e until the pressurizer steam bubble is 3

^ jr _ perferrc0 _: th; f all c. i n . :. r n .
-

established. '* i

Prior to establishing - pressurizer steam bubble, the RCS
will be in a water soli condition with one charging pump,
one letdown neen, control glve, and one charging pump flow
contrni valve in operal. inn. The charging pump flow control -

valve will be held in its mini automatic position by the 3

fpressurizer level control program. Th^ ~ nni hvp'ec -"M

Oc 1ctd;m crifies ''' *r f"l' ^pe" RCS pressure will be
lg , g ,y'

; automatically maintained by the letdown control valve. Emee '

UNO ag reccriccr atect bubblm has bccr cr' *14 chna nrn "n - i m r-

uun Li v[ led by ucc of b o t h-> 4;pid - le"el nd cyctw pasm e atu
gry -@ nvocenv4,mr sn m v- -3 ty- 1;ta,a uv m m; ;21, m c

g A O 'TS '

a hydrogen pThe VCT is initially purged with itrogen) andNy b t) overpressure is e etr establi ted . The RCS boron
concentration may be reduced ing heatup in accordance'

3with shutdown margin limitati s. The makeup controller is
operated in the dilute mod o inject a predetermined amount fof reactor makeup water t a preset rate. Compliance with g
the shutdown margi limitations is verified by sample -

#
analysis and bor 3 meter indication.

B. Normal O ation .4
.c
e

N aal operation includes hot standby operation and power'
c

eneration (RCS operations at normal RCS pressure and g

ud ECS $4*ML 2

ht)Lr ditdc5 , |).(ggg g (( Mh fM(tutt34t(jAmendment
B
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p
temperature). A description of normal operation is i

,

contained in Section 9.3.4.2.1.

cc(iTP)hC. Plant Shutdown

Plant shutdown is a series of operati s which brings the
plant from a hot standby condition to a cold shutdown
condition for maintenance or refuell ggM.

Prior to the plant cooldown, the as space of e VCT is
vented to reduce fission gas activity and hydrogen !

concentration to less than c The purification rate i

may be increased to accelera e the degasification, ion .. ,

exchange, and filtration processes. Degassing the reactor ;
coolant is accomplished by diverting letdown flow to the gas Jr '
stripper and returning the process fluid to the VCT.
Addition of chemicals is not normally required during a
plant shutdow ot}.tr.

[ actor Molant isnormally increased concurrently with the cooldown/ystem
Boron concentration in the

by direct |
charging from the BAST.:-c pc.t vf u,c 4""a"*ery rcquirca t ..-.2

rrake up f^r ~^1*ne m n * ~ * h. Borating concurrently with B ) h
the cooldown greatly reduces the amount of liquid waste ~j ,

'
generated during the shutdown process.

Once the required RCS boron concentration has been reached,
the charging pump suction is switched from the BAST to the
VCT. Following this switchover, the low level condition in
the VCT will cause automatic makeup at the required shutdown
boron concentration. Pressurizer level is maintained via

*

positioning of the charging pump and letdown flow control
valves. All or part of the charging flow may be used for ;

auxiliary spray to cool the pressurizer and increase its
boron content when RCS pressure is below that required to
operate the /bactor g olant p mps.

& 16e5T betonconcuthPhin li , d ~
>

a ?"Y her2 tin 5 7 VehfM !Prior to a scheduled refuelin95 et20r3
4pc ctimcm of - um Imi i,1c' c y bc nccccrary 2rr c:cpictcd % gc a,tr ,

-prior to - um wimdui ' ^ ' " j$A Ree the reactor vessel
k.{44 om,-

'
-

-

Nw@ dooling system pumps take :Mutri ;

-

head is remove the
+ha unta" 4-tr the 6borated w row the IRWST H nf !"jert

--cm "eelznt irr;c vir, th; ..vuua l flcu p thr, thcreby 93
p fillisu9 the refueling pool. The resulting concentration of g kg,M

|p the refueling pool and the RCS is between the lower b-M operating boron concentration limitati n f the IRWS 4

ppm) and the -Mose9 maximum operating ncentratio 60fd
ppm). Thus, the contents of the refueling pool can be o g(aft
returned directly to the IRWST prior to plant startup ggj~
without hindering plant operations. ggr

WNb W1 bi dM3-
fll{ % O&ltAAmendment I ggg
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SDuring refueling shutdo n, the re tor makeup water sup y
piping is continuously nitored and alarmesi her flow to
prevent dilution of the refueling pool. .

y 15 cuaAwate(adtd if
,

9.3.4.3 Design Evaluation l'

9.3.4.3.1 Availability and Reliability
r

A high degree of functional reliability is assured by pr iding
,

standby components and by assuring fail-safe responses 4e the
most probable modes of failure. Redundancy is provided as
follows:

Component Redundancy . :N
s.7

Purification and Deborating Three identical components
Ion Exchangers

Charging Pumps One operating, one in standby

Charging Pump Flow Control One operating and one parallel,
Valves standby valve g
Letdown Control valves One operating and one parallel,'

standby valve

Boric Acid Makeup Pumps Two identical pumps in parallel,
one operates on demand, one in
standby

Gas Stripper Package The gas stripper package
.

includes redundant standby 6
,

Pumps

Seal Injection Filters Two identical filters in parallel,
one operating, one in standby

Purification Filters Two identical filters in parallel,
one operating, one ,' tandby

e
Reactor Makeup Water Pumps Two identical p mpsy rallel,

nd, one inone operates on >

standby

Boric Acid Concentrator The concentrator package . q *:
Package includes redundant standby

pumps

I

Anendment B
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In addition to component redundancy, it is possible' to operate Nis
the CVCS in a manner such that some components are bypassed. It

,

is possible to transfer boric acid to the charging pump suction I
header by bypassing the VCT. The letdown filter, and the
purification and deborating ion exchangers can be bypassed. ,

Controlled bleedoff flow can be routed to the RDT rather than the
VCT. Ao !,

IndependentAred dant. gravity feed lines from the BAST to the .!
charging pump suction are provided to assure makeup. The
charging pumps have an alternate source of borated water from th
spent fuel pool, which is maintained above ~ 4 000 ppm bor n, '

'
I

bn.
9.3.4.3.2 Accident Response M.[+?

The letdown line is isolated on receipt of a Safety Injection j
Actuation Signal (SIAS). A Containment Isolation Actuation ld . ,
Signal (CIAS) isolates the letdown line,-the resin sluice supply +|y
header (RSSH) line to the RDT, and the reactor drain pump suction *

t
line. ;

A CIAS (or SIAS) does not isolate the charging line or stop the
charging pumps. Maintaining charging flow following a CIAS 5

continues to provide seal injection to the reactor coolant pump
seals. A sufficient volume of fluid exists in the VCT to provide
ample time to align alternate feed lines from the BAST to the y
charging pump suction header.

,,;..

9.3.4.3.3 Overpressure Protection |
1

In order to provide for safe operation of the CVCS, overpressure i

protection is provided throughout the system by relief. valves. g$ i3
The following is a description of the relief valves that sre Ni

~

located in the CVCS: .

psty.4M hMA -

A. Low-Pressure Letdown Relief Valve i

!

The relief valve downstream of t letdown control valves I
-

protects the low pressure piping purification filters, ion.
exchangers, and letdown . strain r from overpressurization. '

The valve capacity is equal to t" cap :ity f th; 1;tdsn
'

^ri f f e ;ith the :r.tr:1 valve full sp;;. at - mol m W m- B

prrr . The set pressure is equal to the design pressure
4"fg'of the low pressure piping and components.

B. Volume Control Tank Relief Valve

The relief valve on the VCT is sized to pass a liquid flow ! ,

rate equal to the sum of the following flow rates: the t

Amendment I
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maximum letdown flow rat possible without ac ating the i

high flow alarm on the etdown flow indicator; the design
purge flow rate of e sampling system and, the

(SS)I, system cr2- M
.

maximum flow rate the boric acid makeup
produce 'ith rclicf pr;~ut u Um '/ CT . The set pre sureu.

,

is equal to the design pressure of the VCT. +

(CO(CE&Cd W '
.

C. Volume Control Tank Gas Supply Relief Valve fne_we vcT
w ^ ^uM ) ,p flow rate greater khane relief valve is sized to pass a

the combined maximum capacity of the nitrogen and hydrogen
gas regulators. The set pressure is lower than the VCT
design pressure.

D. Reactor Coolant Pump Controlled Bleedoff Hea er Relief Valv CM hh''
c3aostrt u g

The relief valve at the /eactor 2001 t fump cont led
bleedoff header allows controlled b edoff flow o be
teruuL *o the RDT in the event that a valve in the ine to B
the VCT is losed. It does not serve an gverpressure
protection fun ion. The valve is sized to pass 3 flow due to :

the failure of reactor coolant pump *s esenke, plus the ;

In normal bleedoff from the other three reactor coolant pumps. (Mg-

got- e - -w w- --li e r . ;1u ,, , ; 7. ; pr ::ure i; 12c t h .- th e-
~'

- c^-+-0111d pl d;ff high high prc.;;u la._ r^tp^4-*_ !

E. Bode AM 94m+3 W'"; ter
i

I' t .i a d #p Relief Val'e

5 dk [elief valve / .amie provi,ded for theee portiong/ of the boric
ac D system that asel5 heat traced and rhi9 can be
i;.di' Mu:11y isolated. The set pressure is equal to the-

design ressure of the c o r r r p^^^ # .; pertic" of thc system

@. ] piping. E-eetr valve is sized to relieve the maximum fluid
thermal expansion rate that would occur if maximum duplicate
heat tracing power were inadvertently applied to the
isolated line.

.

F. Equipment Drain Tank Relief Valve
.

The EDT relief valve is sized to pass a liquid flow rate
equal to the flow of the shutdown cooling return relief 3
valve. The set pressure is equal to the design pressure of
the EDT.

G. Reactor Drain Tank Relief Valve Y W h^k
thfN(containment sump) is '

A relief valve which vents to thex
provided for the RDT. The relief valve is sized to pass a

( liquid flow equal to the total flow rate of all discharges
into the RDT. The set pressure is equal to the design
pressure of the RDT. ;

'

,

Amendment B
9.3-47 March 31, 1988
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H. Charging Pump Mini-f1 ' Relief Valve

The relief valve d o'O ; ream of the charging pump mini-flow
orifice protects th arging pump minimum flow piping from
overpressurization due to thermal expansion that might
result from operating a charging pump with its discharge I

,

isolation valve closed. The relief valve is sized to pass ,

the flow rate equal to the maximum fluid thermal expansion
rate that would occur due to pump heat input.

I. Seal Injection Heat Exchanger Thermal Relief

The tube side of the seal injection heat exchanger is
pratected by a thermal relief valve. This relief valve is &4

exchanger from overpressurizationb(CQWgoh $sized to protect the heat
h thermal expansion of trapped water due to inadvertent

,

closure of the isolation valves with steam to the se1

STsi<rs(M* M M 5i* O d'31Mtch d 8-side.,9

g & 01M N .0M4
''

Regenerative Exchanger Thermal i .
,

[ 4 YDS 4t,

. 47 ng ' A dc? ;;P/c (C"-- F , is p vided downs. mi .

*

of t regenerative at e anger to p tect ins. B'N ##d%

c ging an uxiliary s y olated. CM2 c ' '. _ s
-jover ess e from contin letdown operation w' b

sized to pass f char ng flow ould CH-20 1c ed. ;

a
9.3.4.3.4 Chemistry And Purity Control '

The CVCS controls the chemistry and purity of the reactor coolant
in order to:

A. inimize the corrosion of hardware, which includes :ik i
minimizing the fouling of heat transfer surfaces; hih

B. ntrol core reactivity throughout the life of the core (by
adjusting the chemical shim);

C. mit the transport of radioactive corrosion products; and
7 ;

Asure that the quality of reactor coolant fluid isD.
maintained within specific operating limits.

Table 9.3.4-1 describes the chemistry of the reactor coolant.
B ik

lii

id@f?K!The oxygen and chloride limits en presented in Table 9.3.4-1 of

s 0.10 ppm and s 0.15 pp y espectively,wereestablishedfromthe|7relationships between gen and chloride concentrations and
their effect on the susceptibility to stress corrosion cracking )

Amendment I l
9.3-48 December 21, 1990

'F
- __- -_-___ _ __ - -__.- .________- - - ____-____-_______ --__ ____--__



- - - - - -

CESSAR EnMcmou

,

% #

of austenitic stainless steel. Current industry data reveals
that no chloride stress corrosion occurs at oxygen concentrations
below approximately 0.8 ppm. The oxygen limit in Table 9.3.4-1
was reduced by a factor of 8 to give a conservative concentration
of 0.10 ppm oxygen. The maximum amount of oxygen from air
dissolved in water at 77*F is approximately 8 ppm. At
this concentration, a chloride concentration of less than approx-
imately 1.50 ppm would preclude the possibility of chloride
stress corrosion. This limit was reduced by a factor of 10 to
provide a conservative o ido limit of 0.15 ppm.

-

The fluoride limit of e.M pm for reactor coolant is the result
of the fluoride ion be ' . identified as causing intergranular

gcorrosion of sensitized austenitic 1:+.ainle s s steels. Based on
.oride ions in- the reactor ,Athis, it is essential to minimize *

coolant. Therefore, the concentration chosen as the maximum
limit is the lowest concentration which can be both: (1) readily
detected in bulk water and (2) 48 maintained by the action of the
purification ion exchanger.

Chemistry control of the reactor coolant consists of

preoperational removal of oxygen by hydrazine scavenging, . .

~ degasification (via the gas stripper) of makeup water if M
necessary during startup, control of oxygen concentration by

'

maintaining an excess hydrogen concentration during normal ,

operation, and pII control by maintaining lithium within a -

^y"i n A chemicalspecific control ba nd . -2 "" i " " ^ " "
.

addition tank and pump .
used to trans:ler hydrazine and/or

j lithium hydroxide to the die harge side of the charging pumps for
|

injection into the RCS.
htfg,u/u QdtDNM
,

I
I

Lithium is generatg(n,n sigp)if * cant quangh is thei les in the core region|
by the reaction B o)Li. crefore logical choiceI 3

for a pli control agent. 11owever, thefe exists a threshold for
accelerated attack of Zircaloy at approximately 35 ppm lithium.

r^rifir'' 11 mATherefore, liti.n.~ w.m ~ atir" '4"4" =
-

a uiA. .aom,. t*een the upper operating limit and the threshold
or ac lerated at D in the event any concentrating phenomena

exist. Early in core life, periodic removal of lithium by ion
exchange is required to control the lithium concentration below
the upper limit. One purification ion exchanger is used

.

11 */,, intermittently to control the lithium concentration. Prior to*

ggCA refueling shutdown, when large jIlution operations are necessary,

I lithium additions will be nq cessary to maintain the lithium
concentration within the co rol band. The lower limit on
lithium concentration ensures that sufficient lithium hydroxide
is present during operation t provide, the benefits noted in
Section 9.3.4.1.3.2. hg g

The control of other impurities is accomplished b W e continuous
operation of the second purification ion exchanger nich has been

Amendment I
9.3-49 December 21, 1990
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converted to the lithium or ammonia lithium form and does not
remove lithium. The resin beds remove soluble nuclides by an ion ,

exchange mechanis nd insoluble particles by the impingement of
these particles o he surface of the resin beads.

jo&. kol fru d C,fC M OId OVf H ! %g
-

,

The normal method of adjusting boron oncentrati n is by feed and '

'

bleed. To change concentration, t makeup portion of the CV

supp[ lies
either reactor makeup wa er or boric acid to the V j.

eTra pstream of the VCT, the inc ing letdown stream is diver

|4q h .te. the pre-holdup ion exchange Toward the end of the core.

cycle, the quantities of waste produced due to feed-and-bleed
operations become excessiv nd the deborating ion exchanger is >

used to reduce the /eacto p6olant [ystem boron concentration.
,

j

An anion resin, initially in the hydroxyl form, is converted to a *

k;borate form as boron is removed.
a ::4 >

!*Boric acid recovery from the reactor coolant liquid waste is
accomplished by the )$ric /cid goncentrator package at a '

processing rate of 20 gpm. Based on the waste estimates ;

identified in Table 9.3.4-3, theconcentratoronce-throughusage|3 ;

factor is less than 10 percent, thus resulting in an adequate M;
opportunity for reprocessing of the RMWT contents, the

BAST |1
E

I) %contents, or the IRWST contents if necessary.
+
* '

duringp WVarious reactions taking place within the reactor
operation result in the production of tritium, which appears in i

the reactor coolant as tritiated water. See Section 11.1.7 for a ;

discussion of tritium. H. l. i. 3
!

9.3.4.3.5 Cy;. tem Isolation
,

0.2.0.3.5.1 O_.. muu u m. . Irr M i-- ,

.

There are seven penetrations through the containment structure to
accommodate CVCS piping. Four of these penetrations (charging
flow to RCS, purification stream from the shutdown cooling heat
exchanger to the letdown heat exchanger, seal injection flow to ;

RCPs, and resin sluice supply header flow to the RDT) allow flow B
'

in the inward direction, and three of these penetrations (letdown
'

line flow to purification ion exchangers, RCP controlled
bleed-off flow, and RDT flow to reactor drain pumps) allow flow
in the outward direction.'

The penetration for the charging piping to the RCS consists of a - @ @q i
:

|

outsidecontainment|I
Safety Class 2 motor-operated valve (CH-524)

inside containment. W:and a Safety Class 2 check valve (CH-747)
I

CH-524 is operable from the control room and is provided with
position indication in the control room. CH-524 does not receive ,

B 'an automatic close signal. The penetration for the purification |,

1

|Amendment I
9.3-50 December 21, 1990
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stream from the'SCS heat exchanger to the letdown heat exchanger
,

consists of a' Safety Class 2 manual isolation valve (CH-307)_ ;

outside con ainment and a Safety Class 2_ check valve (CH-304) '!
inside co ainment. CH-307 is a normally closed, locked closed
valve th is only opened after the RCS has been shutdown and ;

placed shutdown cooling. The penetration for seal injection '

flow consists of a Safety Class 2 motor-operated valve (CH-255)
located outside containment and a Safety . Class 2 check valve t

(CH-835) loc ed inside containment. CH-255 is operable from the !

control roo ith position indication in the control roo @3nd ;

does not re ve an automatic close signal. The penetratio Y for ;
Bthe resin sluice supply header flow to the RDT consists of a ;

Safety Class 2 pneumatic valve (CH-580) located outside !

containment and a Safety Class 2 check valve (CH-494) located Q!
inside containment. CH-580 is a failed close valve operable from- se i

thecontrolroogndreceivesanautomaticclosesignalon IAS.

~ .

The penetration for the letdown line ow to the purification
*

system consists of two Safety Class 1 pneumatic . valves ' (CH-515
and CH-516) located inside containme t, and a Safety Class 2 I ,

'

pneumatic valve (CH-523) ' located out ide containment. All are
fail-closed valves, operable from the control roogith position -

~ indication in the control room, ari:1 _both CH-575 and CH-523 hN i
receive an automatic close signal on CIAS.R The penetration for ;

RCP controlled bleed-off flow consists Lof a Safety Class 2 {lpneumatic valve (CH-505) located outside con ainment and'a-Safety
Class 2 pneumatic valve (CH-506)- located inside ' containment. .

Both CH-506 and CH-505 are fail-closed valv s, operable from the 3
>

control room with position indication in the control room and-
,

both receive an automatic close signal o CSAS. The penetration
'

for the RDT flow to the reactor drain p ps consists of a Safety
Class 2 pneumatic valve (CH-560) locat inside containment and a
Safety Class 2 pneumatic valve CH-561) located outside
containment. Both CH-560 and CH- 61 are fail-closed valves
operable from the control roo i position indication in the
control room. Both receive an matic close signal on CIAS.

O

-[

.

QF'
()(~$\y $U,0 (CLt %U
cm.itmo.Wc closc sit nd tre

), do 5:Ap kg.o U CH -5 6. [i
.

!

Amendment I
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9.3.4.3.6 Leaka . Detection and Control

Components in th CVCS are provided with welded connections |
wherever possib to minimize leakage to the atmosphere., ,

However, flange connections are provided on all pump suction and
discharge linee, on relief valve inlet and outlet connectioneA nd
on some flow :: " to permit removal for maintenance. (".411 i

valves larger than 2 incheQnd all actuator-operated valves are
provided with double-pa m ng, lantern rings,- and leakoff
connections, unless the valves are diaphragm (packless) valves.
Diaphragm valves are utilized around the VCT gas space to
minimize activity release due to valve leakage.

16- u5ed to . . .

also, monitor the total RCS water inventory. If 1 g'iThe CVCS eaa
thny~n Um pim A the level 'in the VCT dod pts /stWthere is no leakag 3

should rema nt during steady-state operation. Therefore,.. ,

a decro e' evel in the VCT alerts the o crator to a possible
$4T of l~ IMLS MA1044D h4 14Mid AbN

.

Icak somewhere in the system. Iris (CA5vg%el AMV |Gk.
!(

OF (LACfuP C. I
l

k0 During refueling shutdow the reactor makeup ter piping is
DC monitored to detect leakage past isolation valve CH-195.(which is

(LIC$ locked shut during refueling shutdowny. If leakage occurs, an ;

MYalarm is annunciated in the control rogm. ^-

')$ ,

9.3.4.3.7 Failure Mode and Effects Anu_ysis ;
.

Since the CVCS is not a safety-related system, a detailed failure y

mode and effects analysis is not perf-**^^. ;

cettuArd.. '

M) Radiological Evaluafion9.3.4.3.8 g
-

C W
manuall g operated valves located in. highFrequentl us

|p:p; ,'
. . .,

radiation or inaccessible arbasgare provided with extension stem
handwheels which terminat n low radiation 3 ased accessible m
control areas. Manually ' operated valves are provided with

~

;

locking provisions if unauthorized operation of the valve is
considered a potential hazard to plant operation or personnel ;

safety. Refer to Section 12.2 for further information. ,

!

9.3.4.4 Testing and Inspection Requirements

Each component is inspected and cleaned prior to installation
into the CVCS. A high-velocity flush using demineralized water

.

ny !!! M used to flush particulate material and other potential p
contaminab4oet from all lines in the system. W

nts j,

1

'Amendment I
9.3-52 December 21, 1990
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are.
Instruments will be cylibrated dur' preop rati nal testing.

4

Automatic controls * C'>e tested fo actuat on a the proper |

setpoint;tf)nd alarm functions ' hecked fcir ope ability and
proper sht' points. the relief valve .ettings 9 1 M -hecked and
adjusted as requirad. All sections f the CVCS - '' '^ operated
and tested initially with regard to flow paths, flow capacity and i

mechanical operability. Pumps 1!!! M tested to demonstrate head i
and capacity. [

The CVCS is tested for integrated operation with the RCS during
hot functional testing. Testing of heat exchanger performance,
and the proper control of the letdown and charging pump flow -

ntrD1 valves by ressurizer level control program is [

~g%
included. The charging 11 will L; checked to assure that the*

a

h pipi% i- # -e of excessive vibration. Response of the makeup :
"* the automatic, dilute, and borate modesportion of the w

will em verified. Any s in operation that could affect
plant safety are corrected before 1 loading.

i
As part of normal plant operation, tests inspections, data '

Sulation and instrument calibrations are made o evaluate the
con 'on and performance of the CVCS e ipment and I

instrume **on. Data " '' taken periodically du ng normal M.* '" ''

vu vunfirm heat transfer capabill es andplant operations ,

purification efficiency. Pump and valve leakage s 11 '^ f

monitored. gucgt g6
Appropriate vents, drains, and test connectione ar provided to
germit th; ;I__ - ,__--._ inservice ,testi of valves. L

-,__ ___ __

K6 % <MC Arc r%ddC, /f0|''NJL LM c/-/C4, %n O f b d ( .as s el sad 3 [k % |

9.3.4.5 Inst mentation Requiremen g'g gy g {g
Temperature Instrumentation Sechm n of tte AsHe Gack.9.3.4.5.1'

.

'

A. Holdup Tank and Reactor Makeup Water Tank Temperature
,

4

The temperature of the contents of these tanks is indicated
in the main control room. Ah 2 ;r- t c;p araim e alarm
annunciates in the main control room to warn the operator of i
low temperature in We tank.

fetW
B. Boric Acid Storage Tank Temperature gg

BTwo instruments are installed the BAST. One provides
temperature indication in t control room, the other ., i.

provides indication locally. v[nnunciation in the control !
room warns the operator of an abnormally low tank '

temperature.

) <

Amendment B-
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C. Boric Acid Batching Tank Temperature ' !

The batching tank temperature measurement channel controls
the tank's electric immersion heaters. Local indication is
provided to facilitate batching operations. 1

.

;

Letdown Line Temp (eratureftdC6i M !
D.

M fctd M A Gir4
/egenerative heat exchanger outlet temperature e" +'e

.

i nt de- l u.c is indicated in the control room, and Im 1 ;
4 " " t^- L ym muma u m ide m: ::nt:in: .t. .An alarm'is i

provided to alert the operator to an abnormally high letdown !

temperature. The instrument also provides a signal that ,

positions the letdown flow control valvo. automatically to c

minimum flow _ _ _.__ . tdse= high temperature 21 rr M.j^f[# {-y_.._
-

g M s % v i ,,1 . The valve must be ( manually reset to restore d ;
B

normal letdown flow. \m -
,

'

E. Letdown Heat Exchanger Outlet Temperature ,

This instrument is used to control the Component Cooling ,

Water System (CCWS) flow through the letdown heat exchanger 'f . !
to maintain the proper letdown temperature for purification "s ($bjf 3

system operation. Letdown heat exchanger outlet temperature ~) i
is indicated-in the control room.

_

F. Ion Exchanger Inlet. Temperature

9tOO
This temperature instrument has thr r ontrol functions: (1)

,

!

on j W high temperature, it provides signal which positions
the letdown flow control valv- automatically to minimum i

flow, _2; ;t high _ y ut.r;, it actuates isolation valves 1' 3
which bypass flow.around the purification and deborating ion ')s
exchangers;and (g) on high-high temperature '''ti., it ;-

shuts CH-516, thus isolating letdown. Flow to the ion !
exchangers must be manually restored when the temperature ;

decreases below the high setpoint. Temper ure indication, M d. ;

.a. high, and * high-high temperature ala re provided in ;

the control room. Tcapc t m inoicativ.. I al : pie.id d i

at the c;estc chutdcr R ncl.

G. Volume Control Tank Temperature
1

The VCT is provided with temperature indication in the i
3.,

control room. A"h!? +^ ;;riter: alarm is provided to alert %j$ +
~

the operator.to an abnormally high water temperature.
i
i

) i
,

'
.

,

i

Amendment I f
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H. Charging Line Temperature

ch0./ghg M [L hed5di4 )
The regenerative heat exchanger outlet temperature th e-v 4.3
char;ing 1Inc is indicated in the control room. This
indication is used to monitor heat exchanger performance and
verify that auxiliary spray initiation conditions are
satisfied.

dI. Pre-holdup Ion Exchanger Inlet Temperature e
This channel indicates gas stripper influent ter erature in
the control room. A high temperature alarm e nunciates in ,

the control roo Or high ble M ^rztu_- thu flow is

$*e$diverted to byp ss the ion exchanger to preclude resin
damage.

J. Reactor Drain Tank Temperature
,

The RDT is provided with temperature indication in the
0control room. A high tc;;pcratx; alarm is provided to alert -

the operator of abnormally high water temperature and the
need for cooling of the tank contents. g.,

.e K. real Injection Heat Exchanger Inlet and Outlet Temperature
>P initN/W44

4 4emperature
- '' on the inlet and e H sue outlet of

the seal injection heat exchanger provideptinput to the seal 3
injection temperature controller to maintain the outlet side
fluid temperature within acceptable limits. The seal ,

injection temperature controller positions CH-231, which
regulates the flow which bypasses the heat exchanger. The
proper mix of thru flow and bypass flow, for any given inlet
temperature, will ensure a properly regulated outlet
temperature. Indication and alarms are provided in the
control room. ;

4

L. Equipment Drain Tank Temperature

The EDT is provided with temperature indication in the ;
'

control room. # high-tcagm oi m alarm is provided to alert
the operator of abnormally high water temperature and the
need for cooling of the tank contents.

M. Charging Pump Mini-Flow Heat Exchanger Outlet Temperature y
I

"

This instrument is used to control the CCWS flowrate through
the charging pump m -flow heat exchanger to maintain
adequate charging pum otor heat removal.

Amendment I
9.3-55 December 21, 1990
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9.3.4.5.2 Pressure Instrumentation -

/
A. Letdown Line Pressure |

i8
W. - i c t d ;;r.- IInc3 pressure instrument upstrea of the letdown

pressure t x.;c.tnir ccontrol valves measures letdown
ey + 77 y ,; g ;t:222- B

a i, 4 m, inume t ;n t prg pm--,-

[%D WfmM,4 50 C5mMMA bt.pf akut contra 1 Vdw<.,pou, hm b NenNndication and a arms u._ _- ____ in the control room .

B. Purification Filter, Ion Exchanger and Letdown Strainer kY
Differential Pressures GNW

[[AMW\nskYarunt.$ !

N, !Differential pressure im'. i n t : r c are provided to indicate

the pressure loss across the purification filters,ifferential yy$ '
*

and across
the ion exchangers plus letdown strainer. Both d _m
pressure indicators have local readouts and control room w m *b

g/high differential pressure alarms. %(Mic (h(nefof.AC c[- T,JJL 54. '

ASATurneriS vitt lidtt A4-6 JnVolume Control Tank Pres ureq(esstVc loodioOf fR v ga,to,)(
C.

g(gtsThis channel indicates VCT pressure in the control room.
High and low pressures are annunciated in the control room. Of" M iGW '

-t

D. Charging Pump Suction Line Pressure Switches VAflAYN
MIMA pressure switch on each charging pump suction manifold

stops the associated charging pump on low suction line |0W'
pressure, thus preventing damage due to cavitation. $u.Af

DfL$$$*E. Boric Acid Makeup Pump Discharge Pressures

each [ric did IIakeup [ ump is _ iThe discharge pressure of
indicated in the control room and locally. Low pressure
alarms, annunciating in the control room, are provided. If

the pump has been manually turned of f by the operator, the ,

!

discharge pressure alarm is sup sed. A low discharge
pressure stops the respective pu nd starts the alternate 1

,

( Pump.

F. Boric Acid Filter Differential Pressure
l'45tfdfKf4('

A differential pressure ' -hW with local readout is i
'

provided to indicate the pressure loss across the boric acid
filter. Geghigh pressure alarm is provided in the control

| room. A c$, >
i

.

G. Charging Line Pressure

The charging line pressure is indicated in the control room.
.wrj ui lec;timu - me Um uvuii vi i o.h A low pressureo

Amendment I
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alarm is provided in the control room. A low charging line
pressure alarm during normal operation is indicative of I
charging pump failure.

11 . Seal Injection Filter Differential Pressure

l @tM= im W with local indication andA differential pressure
high differential. pressure annunciation in the control room
is provided to determine the pressure loss across the seal
injection filters. Periodic readings of this instrumen *

will indicate any progressive loading of the M. fJDthC N
s

I. Reactor Coolant Pump Controlled.Bleedoff Header Pressure
i( 4e 9 %a

A pressure measuremen channel is provided to measure the
pressure at the fea or Eoolant fhmp controlled bleedoff
header. Indication , provided in the control room, and the
measuring device to; : =rpr^rrure protection for RCS design
pressur A high alarm and a high-high alarm are
annuncia ed in the control room. The high alarm indicates I
that a v lve in the line to the VCT has been closed. The
high-hig) alarm indfcatps that the controlled bleedof f flow B pg

7
has ctor nnd.360 Kolk/A j N.M.

,

Ion Exchanger Drain lieader %ra% d6 @(DLd66(Rfdtd Dk CV6[
St iner Differential PressureJ.

A local differential pressure indicator is provided with a
local alarm. These instruments will indicate any
progressive loading of the strainer.

K. Equipment Drain Tank Pressure @N kok
EDT pressure is indicated ir th; "^' - e r m- and ss

+ w Jidcd .ith a high-presstre alarm [in the control room.
This instrument also actuates valves to automatically
isolate the /quipment / rain [ank from the gas analyzer,

gaseous faste ,Kanagement fystem, the recycle drain header,
and the reactor drain pumps when the tank pressure exceeds
the high-pressure alarm setpoint.

L. Reactor Drain Tank Pressure
Ala(M oA

This instrument prov des pressure indicationa in the control
room and actuates high pressure. - [his instrument
closes the RDT isolation valve to the GWMS and the
containment isolation valve (inside co tainment) on high RDT
pressure.

we alam J *dwu
CLN NNO(g Arpn ment I 4 cdg@4C f.

9.3-57 h(6 (C6d Of AVC (CiscF,19 W| '
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'M. Reactor Drain Pump Discharge Pressure

ECLh bPnt- pum 5 discharge pressure 1B ame indicated locally and in
the control room,2nd f;dU Iu to monitor pump performance,.2

in O(
N. Reactor Drain Illter) and Ire-holdup Ion Exchanger and

Strainer Differential Pressure 1

M$%YUIMde '

Differential pressure indir: Mey are provided to indicate
the pressure loss across the'komponents. Both differential
pressures are indicated locally. High-pressure alarms are
annunciated in the control room.

O. Holdup Pumps Discharge Pressure 3 ,

Individual pump discharge pressures are indicated locally,in6/dL/
> '- " ' - to monitor pump performance.

P. Boric Acid Condensate Ion Exchanger and Strainer
Differential Pressure

A local differential pressare indicator with a high alarm: is g
provided. Periodic reading of,this instrument will indicate _IN h
any progressive loadingpf -f4L sin (ACChMyf ond[D/ WMART. )

Q. Reactor Makeup Water Pump Discharge Pressure
k

Reactor makeup water pump discharge ressure is indicated
locally and in the control room. low pressure alarm
annunciate.s in the control room. Low pressure on one pump
stops that pump and starts the standby pump. If the pump

discharge B

has been manually turned off by the operator, theg| gpressure alarm is suppressed. W

R. Reactor Makeup Water Fil,ter Differential Pressure
instrh A 4 6t-

A dif ferential pressure indiriter, with local readout and a '

high differential pressure alarm in the control roomy is
provided to indicate excessive loadingr r2rri .g ..igh

prc;;;r h s; a _ ,gthe reactor makeup water filter. I

of |

9.3.4.5.3 Level Instrumentation

A. Holdup Tank and Reactor Makeup Water Tank Level 1
*

ffbVib EO )
Level indication and alarms for these tanks are ! Air 2trd in j

the control room. On low level in the HT and low-low level

the respective pumps are automatically stopped. , f % a/E
in the RMWT,

h in low level alarm for the RMWT rns the operator 3 +6 i
er ering the. volume required for bac @ ck cold shutdownsr

at 30% of core life. A high level a rm in the HT indicates
)

Amendment B ]
9.3-58 March 31, 1988 |

*



_ . . _ . _ .

l
-

. .

t

t

CESSAR Ennncuiou

/ p
' - e 4

that/ processing sh Id be commenced. 4Jee high level alarm
in the RMWT and t*w high-high level alarm in the HT
indicate { that filling of the tankt should be secured.

(eSfChKB. Volume Control Tank Level

Redundant, differential pressure type level instruments
provide VCT level indication in the control room,ler:2Ty, I

npn grerid:: 12c 1 i..di :tir r* rc. t& leerti:r. onew
VCT level instrument controls the starting ar.d stopping of
the automatic ak system on low and high level
indications. T hannel .arbre. automatically diverts
letdown flow on h gh level to the gas strippegvia the . .m . .

redundantly isolate the VCT after realigningf suction 4+ew kt g)T |pre-holdup lon exchanger. On low-low level, both channels
W

the BAST, :: *** 2 c c,r.;t c.r.t ::r^a for * *f ".~ f 1 : - in 1 M3

=rir**!"r9- Redundant high, low and low-lo level alarms 1

~~

are provided in the control room. .

|Ch41f fQJC. Equipment Drain Tonk and Reactor Drain Tank Level

f_
Differential pressure type level instruments indicate level

N{ :', |for each tank in the control room. The transmitters also
low level alarms in the control roo ndactivate high and

automatically stop the reactor drain pump on low level. # Ai! !'

L

!

D. Boric Acid Storage Tank Level g
Two instruments are provided with indication! n the controli 3 .:

'
room. rf be ti:: 12t:It ef um -vo u m . - . . , . . -- u

21 1. ... - ... th: -^^+-^1 _:-. One transmitter also stops the r

pricjPhid[akeupfmpsonlow-lowlevel.
-

;

#.,

*
9.3.4.5.4 Flow Instrumentation

A. Letdown Flow

An orifice-type flow meter indicates letdown flow in the ,

control room,2..J -- - 1:::ti - . t IJm J uvuu 1 :r- 1w.m

This channel actuates a high flow alarm in the control' room.

B. Charging Flow

Charging flow rate indication and low flow annunciation are ,

provided in the control room f at 1;;2ti-.. utrif: th: ~W
B !es..t el -^^= If the charging pump is manually turned off

~
tby the operator, the low flow alarm is suppressed.

'

,

Amendment I
9.3-59 December 21, 1990
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C. Seal Injection Flow Rate

Orifice-type flow meters indicate seal injection cupylf-
.

Iflowg to each feactor foolant f ump. These instruments
control the seal injection flow control valves to maintain i

the desired flow Control room indication .e4 ) high,
high-high, and low low manunciation is provided.

(000
:
'

.% gen.c.h p u. asp ,
Volume Control Tank Hydrogen and Nitrogen Gas FlowD. ,

Local indications of nitrogen and hydrogen gas flow to the ,

VCT are provided. The nitrogen flow meter is used during -

VCT purging operations. The hydrogen, flow meter is used . ..

%g ,
during operations where a hydrogen overhpressure is desired

'

in the VCT. L/

E. Reactor Makeup Water Flow g g ruf

An orifice-type flow' meter is provi ed to measure the 2ro)h
reactor makeup water flow rate to the blending tee. Th ;

channel controls the reactor makeup water control valve to
'

obtain a preset flow rate. High and low flow alarms are
delayed to allow the set flow rate to become established. A h
high-high alarm is provided to avoid exceeding design flow j'
of the reactor makeup water filter. The flow is recorded
and the total quantity is indicated in the contr 1 room.

dc (Ucht InQ %Ytf odkd g
F. Concentrated Boric Acid Flow,

VCr' maw
An ultrasonic flow meter is provide / to measure the6457 L

,

concentrated boric acid flow rate to the/ blending tee. This- i
channel controls the boric acid control valve sto obtain a jg ;

(L -p,preset flow rate. High and low flow alarms Tare delayed
after initiation of the makeup signal to allow the set flow '

rate-to become established. A high-high alarmj is provided
to avoid exceeding design flow of the boric beid filter. .

The flow is recorded and the total quantity is indicated in !

the cont ol room.
N CH-@lo%)

'
'

G. Reactor Makeup Water Flow Switch
of 60fb Reid ocicled, [

A flow switch located downstream of 4h makeup contro'.ler i

flow indicator F-210X is used to indicate and alarm in the i

control room if domineralized water flow occurs during !;p

refueling operations. During normal operations, the flow W
switch is not operational. .|

f

} ;
. ,

|
,
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H. ' Boric Acid Batching Flow .{

This instrument (iiidicatchlocall the flow of boric acid
,

from the boric acid batching tank to the boric acid batching :

eductor. I j

I. Ion Exchanger Drain Header Flow Switch !
;

A flow switch is provided with local indication of flow. i

AAgne indicator light is on whenever draining is in progress.
The light goes off when an ion exchanger draining operation e

is complete. When refilling an ion exchanger after changing |

resin, the light indicates overflow from the vent line drain
'

mIand therefore completion of the filling operation.

J. Resin Sluice Supply Header Air Flow Mb|
This instrument provides local indication of air flow to the
resin sluice supply header.

,

K. Reactor. Makeup Water Flow to Resin Sluice Supply Header
'~ This instrument provides local indication of reactor makeup ,

water flow to the resin sluice supply header.
-

9.3.4.5.5 Radiation Monitoring Instrumentation |

9.3.4.5.5.1 Gas Stripper Effluent Radiation Monitor I

MdLCCh M
'

This monitor provides + continuous r-_?' ;, in the control
roomK of the gross gamma activity leaving the gas stripper and 7 m

entering the holdup tank. A high alarm- indicates improper gjR ,
operation of upstream purification equipment. Normally, however, $;$1
an increasing activity trend will allow operators to take %'
corrective measures (replace ion exchanger . resin or filter.
cartridges) before significant activity increase occurs in the -

holdup tank. The radiation monitor consists of a logarithmic i

ratemeter which processes pulses from a shielded scintillation >

detector.
!

;
,

!!!h

N

Amendment I
9.3-61 December 21, 1990
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TABLE 9.3.4-1 '

(Sheet 1 of 2) A m of <xs Pocrec
OPERATING LIMITS (5 htrACHCb. .;

1.0 REACTOR COOLANT MA EUP WATER

Analysis Nomal '

|IChloride (Cl) < 0.005 ppm

pH 6.0 - 8.0 B ..., !

Fluoride (F) < 0.005 ppm
''

I

Suspended
Solids < 0.05 ppm

.I

2.0 PRIMARY WATER
,

Analysis Functi als (1) and Criticality Operation
. p& "Pre Cor Hot Initial Core Load Power

w
\

'

pH (77'F) 3.8 10.4 4.5 - 10.5 4.5 - 10.5 |I
'

Conductivity (2 ( (2)

I3) I3) I4) B i
Hydrazine 3 '50 ppm 30-5 ppm 1.5 x 0xygen ppm

(max. 20 ppm) -

Ammon;ia 0-50 ppm 0-50 pp 0-2 ppm 1 73we
Dissolved Gas (5) *I

'

Lithium 1-2 ppm 0.2-2.2 ppm 0.2-2.2 ppm

(6) '

Hydrogen 25-50 cc (STP)/kg
(H O) (7) 32

I9)0xygen 50.1 ppm 50.1 ppm 50.1 ppm

Suspended olids <0.35 ppm,(8) <0.35 ppm'(8) <0.35 ppm'(8)
2 ppm max. 2 ppm max. 2 ppm max. gg

n' .~

Chloride 50.15 ppm 50.15 ppm 50.15 ppm
,

Fluoride 50.15 ppm 50.15 ppm 50.15 ppm i ,

: Baron < Refueling < Refueling < Refueling'
'

Concentration Concentration Concentration'

Amendment I
December 21, 1990
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TABLE 9.3.4-1(C t'd) }

(Sheet 2 of.2)
.

t
OPERATING k MITS

k
NOTES: (1) Special hot conditioning imits: I

Temperature >350*F for 7 0 days

(2) Consistent with pH addi,tive concentration.

(3) Hydrazineismaintainebat30-50ppmanytimetheRCSisless- Mthan 150*F. f' "K4
i

!(4) Prior to exceeding 150*F during heatup or below 400*F'during ,

cooldown. >

!(5) Prior to a depress rization shutdown, reduce total. gas to '

<10cc(STP)/kg (H to limit the possibility for explosive2mixtures. g

(6) During the tran tion from pest-core to operating, hydrogen f
should be maint ined ta the 15 to' 25cc(STP)/kg (H 0) range to *

+
9minimize degas. ng requirements in case'the reactor plant must

[be shutdown an depressurized.
;
.

(7) Hydroger, shou d be <5cc(STP)/kg (H O) before securing the I2reactor cool t pumps.

!- (8) The abnorma ' condition of 0.35 to 2.0 ppm is permitted for up '
B 'to 14 hours to allow for crud burst conditions.

i
(9) Not applic le during core load. !

,

i
:

,

!.

!

|

)
'

t

( Amendment B
| ;
. March 31,-1988
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TABLE 9.3.4-1 3

(Sheet 1 of,2)
REhe$ CteaM'
OPERATING LIMITS

-? . D RE!.CTC". CCDU"' . .' EL"' ',||TE"
^

"

6tfalysis/ N 1[ -

ide pd

8.0 B

F or (F < 0. 5"p ' ' *

I

< .05 m

2.0 PRI"J.TJi WATER gg { gg
WPre Core Hot Initial Core Load ower(g Analysis Functionals (1) and Criticality Operation " O~

: .a ;

'# ,

pli(77*F) 3.8 - 10.4 4.5 - 10.5 4.5 - 10.5 |I
Conductivity (2) (2) (2)

I3) I3)Hydrazine 30-50 ppm 30-50 ppm 1.5 x 0xygen ppmI4)
B

(max. 20 ppm)

Ammoni 0-50 ppm 0-50 ppm 0-2 ppm 1

Dissolved Gas (5)

Lithium 1-2 ppm 0.2-2.2 ppm -2.2 ppm

Hydrogen (6) 15~ )
0 (STP)/kg

I9)Oxygen <0.1 ppm $0.1 ppm $0.1 ppm

Suspended Soli <0.35 ppm,(8) <0.35 ppm,(8) <0.35 ppm,(8)2 ppe max. 2 ppe max. 2 ppm max. .
,

Chloride 50.15 ppm $0.15 ppm $0.15 ppm

*. Fluoride $0.15 ppm $0.15 ppm $0.15 ppm 1

Boron < Refueling < Refueling < Refueling-

foncentration foncentration foncentration
4

ensa o.1 [ s.0,[ im.mem - --

December 21, 199
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INSERT 'ID SITEET ~ 1 OF TABLE 9. 3. 4-1 sf

,

-Shutdown and
Analysis Refueling ,

pH (77 F) 3.8 - 10.5

Conductivity (2) i
i

Hydrazine ---

-!

'
-

Ammonia 0 - 2 ppm
am

Dissolved Gas <10 cc STP/kg(H O) $h2 9;ip ;
Lithium l---

Hydrogen <5 cc STP/kg(H O)
2 .

Oxygen ---
4

N@Suspended Solids ---

Chloride 10.15 ppm
f

Fluoride 10.15 ppm
,

|

Boron 1 Refueling Concentration ;

;Sulfate 10.1 ppm

t w. .
ry1'

'

t

k

>

J.

sim ;
|

!

l

. _ _ _ _ _ _ _ _ _ . _ _ . ___ . _ _ -
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TABLE 9.3.4-1 Cont'd)

')
(Sheet 2 of 2)

REAcsR. Ccot.AM~
OPERATING LIMITS

_

NOTES: (1) Special hot conditioning limits:

Temperature >350*F for 7-10 days

(2) Consistent with pH additive concentration.

(3) Hydrazine is maintained at 30-50 ppm any time the RCS is less
than 150*F. k

(4) Prior to exceeding 150*F during heatup or below 400*F during
cool down.

(5) Prior to a depressurization shutdown, reduce total gas to
,<10cc(STP)/kg (H O) to limit the possibility for explosive2mixtures. pg

(6) During the transition from post-core to operating, hydrogen '

should be maintained in the 15 to 25cc(STP)/kg (H 0 range to
minimize degassing requirements in case the react $r) plant must gf

. . .'"

Mbe shutdown and depressurized.

(7) Hydrogen should be <5cc(STP)/kg (H O) before securing the
reactor coolant pumps. 2

(8) The abnormal condition of 0.35 to 2.0 ppm is permitted for up
to 14 hours to allow for crud burst conditions. ,.

B "

;w

(9) No
_

{(d) ng gmear is *A b pbA *W.

, , .

|

i moi-i

*k
|

|
,

Amendment B
March 31, 1988

|
'

__



,

.

6./R261.'M ,p

-(y Q Q'fk%LC 9Md

- REACTOR COOLANT .fg

DETAllED STARTUP AND POWER OPERATION SPECIFICATIONS *)I
,

;

Analysis Ranoe |

Normal Abnormal Immediate Shutdown -

pH 4.5 - 10.5 -- --

Conductivity (b) -- --

Hydrazine, ppm 1.5 x 0, ppm (* -- --

(max. 20 ppm) m
kO, ppm 0-2 -- --Ammonia

,

Lithium, ppm 0.2-2.2(*) -- --

Hydrogen CC (STP) H /kg H O
2 2

Power Operation 25 - 50 15 - 25 55
Startup 15 - 25 -- -- 4,..,

Oxygen, ppm 10.1 >0.1 >1.0 y~.

Suspended Solids,lO ppm 10.35 -- --
'

.

Chloride, ppm 10.15 >0.15 >1.5

Fluoride, ppm 10.15 >0.15 >1.5

Boron, ppm < Refueling -- --

Concentration e

Sokk 5.05~ -- --
,

,

Notes: b. Consistent with additive concentrations.

d. This parameter is used for rapid problem diagnosis. .

Consistent with p g W m ,,,,,( $$[,e. . .

' '

g. This table expands upon operation specifications as depicted 4a
s 5haf | .

L *. . a:,g s. v u ) w q.c.

. _ . _ _ _ _ _ _ _ _ _ .
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TABLE 9.3.4-2
1( ).

'

y
(Sheet 1 of 4)

/ [4t h h ' / -hd /h id
DESIGN TRANSIENTS

Md/k(Mh 65
CYC Code Class 2 Components * Which Arej artP ,

O The Reactor Coolant Pressure Boundary g(4m ,
Assumed number of
occurrence (during
the 60-year design Affected

Event life of the plant ComponentsIII i

,

Q.~
1. Plant heatup and cooldo n 500 L,C,5

!

2. Turbine power step changep of 2000 L,C
+10% power (15-100% power)

I3. Turbine power step changes 2000 L,C
-10% power (15-100% power)

.

|

4. Turbine power steps of +1 2000 L,C W
,

percent power (5-15% power)
,

5. Turbine power steps of -1 2000 L,C
percent power (5-15% power)

6. Turbine power ramp changes o +5 15000 L,C |

%/ min for 90% of core life 1 i

(15-100% power)

7. Turbine power ramp change of -5 15000 L,C .

%/ min for 90% of core li(6
(100-15% power)

8. Turbine power ramps of +1 %/ min 00 L,C
(5-15% power) o

9. Turbine power ramps J' f -l %/ min 2006. L,Co
i(15-5% power)

10. Daily load cycle 'f 100-50-100% 15000 \ L,C !
$power

%, .~g
'

| ~

: 11. Shutdown Cool' g System purification 1000 L
' flow operati s during HSD ;

,..

12. Shift from ormal to maximum CVCS 2000 L,C
purificat'on flowrate j

\ ;
Amendment I :
December 21, 1990 $

|
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TABLE 9 3.4-2 (Cont'd)

(Sheet 2 of 4) QD,

f/#d%h *(hDESIGN TRANSIENTS

CVCS Code Class 2 Components * Which Are Part
Of The Reactor Coolant Pressure Boundary b CLb b

g

Assumed number of @[f l'O
doccurrences during

the 60-year design Affected
Event life of the plant Components (I)

,

44 ;

Low-low volum\ control tank level
'

13. 40 LC
and charging pump diversion to "'

the BAST \ '
. s

14. NSSS operations withNthe control 2000 L,C,S'
,

systems in the manual % ode /
(5-100% power) \ j

Increase in feedwater flow \ ate/ 20 L,C |15. '"

Reactor trip during plant startu/\
16. p 40 L,C -

or power operation (5-100% power)
/ 'x

17. Startup and coastdown of a re~ acto'r 4000 C,5
'

s
coolant pump at HSB / N I

/ x
.

18. Loss of normal feedwater flow \ 20 L,C.
,

/
19. Loss of forced reactor coolant flow 20 L,C,5 y

/

20. Uncontrolled CEA withd'rawal from a 10 L,C
subtritical or low power condition

/
21. Uncontrolled CEA withdrawal at power 10 L

,

/ !
'

22. Control rod misop'eration, system 20 3 L,C '

malfunction, operator error or '

inadvertent R S operation

23. Loss of comp nent cooling water 10 \ L,C
dq4ito the letd n heat exchanger .

\24. Startup of an inactive reactor 20 C,5
Coolant mp

,
,

I

t
'Amendment I
,

December 21, 1990
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(/M O |! .TABLE 9.3.4-2 (Cont'd)

(Sheet 3 of 4) f I

DESIGN TRANSIDHS g () MEk4
'

CVCS Code Class 2 Components * Which Are Part
Of The Reactor Coolant Pressure Boundary

Assumed number of A
occurrences during /

the 60-year design Affected II)Even't life of the plant Components
b.m' ,

25. Closure of a single MSIV 5' / L Y
/

26. Spurious actuation of, the pressurizer 40 L,C
heaters (shutdown or power operation) 4

27. Spurious actuation of the, pressurizer 40 L,C '

|spray N

N28. Loss of non-emergency AC power,to the / 10 L,C,S
station auxiliaries j

N29. Inadvertent opening of a pressurizer 1 L,C'

I. safety valves /
''

30. Increase in steam flow rate 20 L,C

'

31. Loss of condenser vacuum 20 L,C

1 \ 10 L,C
'

1 32. Inadvertent opening of a steam /
generator safety valve ,

,

blB) I\ L,C,5
Feedwater system pipe break (/

33.

|
34. CVCS malfunction that incregtes RCS 20 \ C

1 inventory /
35. Operation of the auxiliary spray 500 C

system (included in the/ plant
heatup and cooldown events)

36. Opening of the feedw er economizer 500 L,C
valve

37. Inadvertent closur of one economizer 40 L,C
feedwater valve

Amendment I
December 21,.1990
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[hTABLE 9.3.4-2 (Cont'd)

gUtAAI d i(Sheet 4 of 4)
~

DESIGN TRANSIEKIS p.
CV Code Class 2 Components * yich Are Part ;

O he Reactor Coolant Pressure Boundary
/

Assumed number of :
'occurrences during

the 60-year design Affected '

II) ;Event 's life of the plant Components

g1
'

\ j

38. Steam system piping failure (S G 1 L,C,5 c.+

39. Reactor coolant pump rotor seizure g 1 L,C,5
,

40. Reactor coolant pump shaft break' 1 L,C,5
s t

41. Steam generator tube rupture (SGTR) \ l L,C,5

42. Loss of coolant accidents res$lting I L,C,5 !'
-

RCS pressure boundary (LOCA) 'N
~)-'from postulated pipe breaks within the !,

!

/ \
43. Decrease in feedwater temperature 20 '\ C

I'

44. Rod ejection accident 1 \ C

\'
.

\q :(
'

:.

NOTES: (1) Code for s mbols: L - Letdown line (from RCS letdown ozzle
to and including CH-523) \

i C - Charging line (from and including
CH-524 to RCS charging nozzle) >

S - Seal injection line (from and including ,

,

CH-255 to the reactor coolant pump
seals) ;

* Design transients for Code Class I components are listed in Section
gg' '3.9.1.1.
fiii *

:
;

L

'Amendment I
December 21, 1990
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DESIGN TRANSIENTS FOR CVCS CODE CLASS 2 COMPONENTS WHICH ARE PART '

OF THE REACTOR COOLANT PRESSURE BOUNDARY i

i
!

I

I
Event Occurrences Affected

(See Note 1) Components
(See' Note 2; |

1. Power opera ti on wi th normal 1 NSSS process
., !

parameter variations (5-100% power) 1,000,000. * L,C
.

, ..........

bF2. Daily load cycle of 100-50-100 % power y4
(2 hour ramps) ,

................................ 22,000. L,C !
. ,

3. Frequency control 800,000. LC |.............................

4. Turbine power steps of 1 10 percent
(15-100% power) 2,000. * L,C...............................

5. Turbine power steps of 11 percent
................................. 2,000. * .L.C I(5-15% power)

6. Turbine power camps of 11 %/ min
2,000. * L,C '!(5-15 % power) ................................

l

7. Turbine load rejection up to 50 % |
(50-100% power) 40. L,C...............................

g' e.f,
MA8. Turbine generator runback to house load

(15-100 % power) .............................. 40. L,C l !

9. Loss of a main feedwater pump withou+ causing -{
a reactor trip (50-100% power) 40. L,C.... .......... 4

,

.
10. Uncomplicated reactor trips (5-200% power)

t-mm .~m _, .................................. 60. L,C *

11. NSSS operations with the control systems in-
L J C;5 ;the manual mode (0-5% power) 2,000...................

| 12. NSSS operations with the control systems in Nih jp;:
the manual mode (5-100% power) 2,000. L.C,s................ ,

13. Opening of the FW economizer valve during
power increasing operations 400. L,C...................

t

14. Startup and coastdown of a Reactor Coolant !

Pump at hot standby conditions '4,000. * C,................

x

i
_..____________ _ ____ ._
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Event Occurr ences Affected- i

( Sree Note 1) Components. .[
(See Note 2) . .

15. Operation of the auxiliary spray system 300. C !.......

16. Tie line thermal backup
(+ 20 % power change) ......................... 60. * L,C

17. Plant heatup .................................. 300. L,C, yh
r

L,C,g h18. Plant cooldown ................................ 300.
;

19. Shift from normal to maximum CVCS flow $00 i
i

rate and return ............................... 2,000. -L,C .;
+
+

20. Low-low VCT level and charging pump '

diversion to the IIL':P ........................ 40.

M3r L . - )h '!
,| -

-;, ;;;;
, .. ' r : -- m-em+4n-e

.. >e^ YY '
-

...

',' \- &,naa
_- . u s , :-

..,.-y
ic .m . .-_~...y uv u .m . y,.p.............. ,v-_. c. ~ -

#1. e ,- !I$. .-- . .w r. on c en t ra tu, t-- I"' l i W.le" 954Q. % imonewg .

r
y

m,. a n e. a . . . . u o u on anc pu, .. . . -
,

c' ' -'1-1_ ,- _-.
^ , 0 0 0-. W- ...mmuy ..................

,e
__. - - . _ _ _. ..um.. um une pr e ov w, __

mounanger anu wrvom..w vem. 2,;;v. L,C
.

*_ ._ ............

<3 ,

s. ?26. SCS purification operations at HSD ............ 1,000. L 'l

ir , y i.-- an~4- - es -ao,n n, ,m n,

_=a''.. b= " ................. N =t yG. [
u ,w gump ._^-**

[~,
n____1 m

-. ____ _ rumguvwn .,6c, --__ _ . _ , . . . -

I- :
7 r t : . ; ; -- ' 21. .. ; 11++..... ................. ''ute?- 7. , '-M

29. Spurious pressurizer spray actuation . . . . . . . ' . . . 40. L,C
,

t30. Spurious-pressurizer heater actuation 40. L.C .
!.........

| M j31. Inadvertent closure of one economizer i
feedwater valve ............................... 40. L.C I

32. Inadvertent isolation of one-main t

|[ feedwater heater .............................. 40. L,C
,

t

.I
;
*

.

,

, - .



-

'l
.

!.

|

~

b

b c 6sseilape
TABLE 9.3.4-2

(3 of 4) b
,j -> ,

yeXW4 w9
'

!

i

Event Occurrences Affected t

(See Note 1) ComDonents
(See Note 2) ;-g 2 . C'+.m ens s h, a s - c' + e x . -, vi um ~

[im 'm.2 2_sm .
.. 7mn

_

. 7 ' , "_ - r

34. Decrease in feedwater temperature 20.
3

L)C {
.............

35. Increase in feedwater flow rate ,

............... 20. L,C !

ad ,
36. Increase in steam flow rate ................... 20. L,C iirky '
37. Inadvertent opening of a steam

generator safety valve ........................ 10. L,C

38. Loss of load (turbine speed control
systems operate properly) ..................... 19. L,C

,?;W39. Turbine trip 5

.................................. 20. L,C h,,N4

40. Loss of condenser vacuum ...................... 20. L,C
'@

41. Loss of non-emergency AC power to the station
auxiliaries ................................... 10. L,C,5 h

42. Loss of normal feedwater flow ................. 20. L,C -

43. Loss of forced reactor coolant flow 20. L , C ,)...........

44 Uncontrolled CEA withdrawal f rom subcritical *

or low power conditions ....................... 10. L,C

45. Uncontrolled CEA withdrawal at power 10. L,C..........

46. CEA misoperation, system malfunction,
operator error or inadvertent RPCS operation 20. L,C..

47. Natural circulation cooldown
L , C .)(................... 30.

48. Loss of component cooling water to the
letdown heat exchanger ........................ 10. L,C $iN

49. Inadvertent boron dilution .................... 10. L,C !

30. CVCS malfunction that increases "

RCS inventory ................................. 20. L,C (

51. CVCS leak test ................................ 40. L,C |h ;

32. CVCS hydrostatic test ......................... 40. L,C,$ hh
,

?

I.
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TABLE 9.3.4-2 I /""

y '00 Mt(Mkmek'* *'

) M
*

hb
Event Occurrences Affected

(See Note 1) Components

(See Note 2) f

53. Failure of small lines carrying coolant
outside containment (sample line break) 5. L.C.......

154 Inddvertent MSIS at zero power ................ 5. LC

55. Closure of a single MSIV ...................... 5. LC
,

56. Loss of load (turbine speed control I

system fails) ................................. 1. L,C h'
pf37. Inadvertent opening of a SDS Valve 1. L,C ".............

7

58. Steam system piping failure (SLB) 1. L,C.............

59. Feedwater system pipe break (FWLB) 1. L , C ,\............

60. Reactor coolant pump rotor seizure L , C ,\............ 1.

61. Reactor coolant pump shaft break 1. L , C ,k..............
7

62. Steam generator tube rupture (SGTR) 1. L , C ,k...........

63. Loss of coolant accident (LOCA) 1. L , C ,\............... ,

64 Inadvertent opening of a pressurizer
'.

safety valve ''.................................. 1. L,C

63. Rod ejection accident v
......................... 1. L,C 3

'

>

Notes (Table 9.3.4-2):

(1) This is the total number of occurrences over 60 years for each event.
'

This frequency of occurrence is for design purposes only and does not
necessarily reflect the actual expected number of operational

EgA{?
,

occurrences. An asterisk (*) denotes that the frequency is in each
direction (e.g., there are 2000 power steps of + 10 */. and 2000 power '

steps of -10 */. )
i

t. (2) The affected components are defined as follows:
L Letdown line from the RCS nozzle to and including CH-523...

!

C Charging line from and including CH-524 to the RCS charging...

nozzle
; 5 Seal injection line from and including CH-255 to the reactor...

j coolant pump seals

D** *
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TABLE 9.3.4-3

EXCESS REACTOR COOLANT GENERATED
DURING TYPICAL PLANT OPERATIONS

PLANT OPERATION VOLUME GENERATED

Plant shutdown to refueling at 90% core 155,250 gallons -;
cycle.

Plant startup from refueling at 293,603 gallons E

beginning of core cycle.

Plant shutdown to cold shutdown and 79,538 gallons @M$
startup at 50% core cycle, gg

.

Anticipated daily leakage to reactor 250 gallons / day
drain tank and equipment drain tank.

1
B ....

--

t
'

.iU

2
41.;

s
'

Amendment E
December 30, 1988

___
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TABLE 9.3.4-4
-

r

(Sheet 1 of 11) |

f
PRINCIPAL COMPONENT DATA SU M ARY '

Regenerative Heat Exchanger. q

Quantity 1 '!
Type Shell and tube, vertical
Code (tube and shell side) ASME III, Class 2 ,

Tube Side (Letdown) .j

Fluid Reactor coolant, 2.5 wt % boric acid, h,
maximum #

Design pressure 2485 psig
Design temperature 650*F -

Materials Austenitic stainless steel
Normal flow 100 gpm .;
Design flow 200 gpm j

Shell Side (Charging) ASME III, Class 2 hi#. . . .,

Fluid. Reactor coolant, 2.5 wt % boric acid, :

maximum t

Design pressure 3025 psig' I ,

Design temperature 550*F |Materials Austenitic stainless steel .i
Normal flow 90 gpm .;
Design flow 200.gpm ;

Letdown Heat Exchanger _. -|
7 :

Quantity 1
-

i
,

Type Shell and tube, horizontal _;

Code (tube and shell side) ASME-III, Class 2
Tube Side (Letdown) *

.
- . I

'

Fluid Reactor coolant, 2.5.wt % boric acid,- '|
maximum i

Design pressure ~2485 psig- .

Design temperature 550*F. t
Materials- Austenitic stainless steel
Normal flow 100 gpm $jin :
Design flow 200 gpm y@ ,

!

g :

i

|
Amendment I !
December 21, 1990' !

t
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TABLE 9.3.4-4 (Cont'd)

(Sheet 2 of 11)
.s

PRINCIPAL COMPONENT DATA StM4ARY
l

,

Shell Side (Cooling Water) ASME III, Class 3

. Fluid Component cooling water i
Design pressure 150 psig ,

Design temperature 250*F
*

Materials Carbon steel
Normal flow 950 gpm

.k...am [
.

Design flow 2400 gpm I

Pressure loss 15 psid 0 1500 gpm & 105*F '"|
;

Seal Injection Heat Exchanger |

Quantity 1 !

Type Shell and tube (steam heater), :

vertical - '

Tube Side (Seal Injection) pg,
...

Code ASME III, ' Class 3 -
>

Fluid Reactor coolant, 2.5 wt % boric acid,
maximum :

Design pressure 302.5 -9 72 psi 9 |
Design temperature 200*F_ ;

Materials Austenitic stainless steel
Pressure loss 10 psi 9 30 gpm & 120*F i

Normal flow 26 gpm v
Design flow 30 gpm x 4 |'$

Shell Side (Steam) FD!
Code ASME III, Class 3 -

) Fluid Steam-saturated
Design pressure 110 psig :

|,
Design temperature 360*F ,

' Materials Carbon steel
: Design flow 1740 lbm./hr.

Charging Pumps

|K -liiiE{NiibCode ASME III, Class 3
+Quantity. 2

Type Centrifugal -

I
Design pressure 3026 WYr psig i :

Design temperature /

| Normal flow (gyl at ckaffag yduder c) 200*F (-to (f 5 loop)
i-

90 gpm ,

Sb
|

'

Amendment K ;

October 30, 1992 !

I
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"# |TABLE 9.3.4-4 (Cont'd)

(Sheet 3 of II)
'

PRINCIPAL COMPONFNT DATA SU19tARY

Shutoff head 6,300 ft.

Normal suction pressure 38 psig ;

Normal temperature of pumped fluid 120*F
-

'

NPSH required 2 Ek. 35f4. d 13Oqp/n
Materials in contact with pumped fluid Austenitic stainless steel
fluid 2.5 wt % boric acid, maximum j

Charging Pump Mini-flow Heat Exchanger h
n

Quantity 1 I

Type Shell and tube, horizontal i

Tube Side (Charging) <

Fluid Reactor coolant, 2.5 wt % boric
acid, maximum :

~
Design Pressure 3026 -N+ psig '

Design temperature 200*F- NI
Materials Austenitic stainless steel .

'

Normal flow 35 gpm
Design Flow 100 gpm
Code ASME III, Class 3 |x

'

iShell Side (Cooling Water)

Fluid Component cooling water
Design Pressure 150 psig
Design Temperature 250*F >j!jis ;

_ . . . . .

*

Materials Carbon Steel 4-
Normal flow So '* 9Pm i
Design Flow 200 gpm +

Code ASME III, Class 3 I
t

Boric Acid Makeup Pumps

Quantity 2

Type Centrifugal i
tDesign pressure 200 psig

Design temperature 200*F ..

Rated head 300 ft @p!
Normal flow 18 0 4 6 gpm
Normal operating temperature 40-120*F i

NPSH required 15 ft

,

Amendment K
October 30, 1992 |

i
r

W , - - y ,_ _ %
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TABLE 9.3.4-4 (Cont'd)

(Sheet 4 of 11) ;

'
.

PRINCIPAL COMPONENT DATA SUP91ARY

.

Fluid 2.5 wt % boric acid, max'imum
Material in cor. Lact with liquid Austenitic stainless steel i

Code ASME III, Class 3

Reactor Makeup Water Pumps
i

Quantity 2

Type Centrifugal Q!
Design pressure 200 psig p@ ;
Design temperature 200*F s.

'

Rated head 300 ft.
'

Normal flow 180.M6 gpm
Normal operating tem;,erature 40-120*F ,

NPSH required 15 ft 7
Material' in contact with pumped fluid . Austenitic stainless steel
Fluid Demineralized water hCode None

fioldup Pumps
.

Quantity 2

Type Centrifugal
Design pressure 100 psig .

Design temperature 200*F
'

Rated head 145 ft
Normal flow 50 gpm j

Normal operating temperature 40-120*F- ' , ,1 -

NPSH required .10 ft
Materials in contact with pumped fluid Austenitic stainless steel -

Fluid 2.5 wt % boric acid, maximum ;

Code None

Reactor' Drain Pumps
'

Quantity 2 '

Type Centrifugal
Design pressure 200 psig.

. p"p!$j- |!Design-temperature 200*F
Rated head 145 ft

:
'

Normal flow 50 gpm
'

Normal operating temperature 120*F
't

NPSH required 10 ft
./. ,

Amendment I. ;

December 21, 1990
i

--. . . - - . , . - . .-
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TABLE 9.3.4-4 (Cont'd) ""

,

,

(Sheet 5 of 11) ;

PRINCIPAL COMPONENT DATA SupMARY

t

!

Materials in contact with pumped fluid Austenitic stainless steel
Fluid

.

2.5 wt % boric acid, maximum ;

Code for fluid end ASME III, Class 3 }

I'
Volume Control Tank

;
'

Quantity 1
.

f%@@j
Type Vertical, cylindrical p, . , .
Internal volume 5,800 gallons (approx)

"

Design pressure, internal- 75 psig ;

Design pressure, . external 15 psig
Normal operating temperature 120*F. ~;

Normal operating pressure 20 psig ;
'

Blanket gas (during plant operation) Hydrogen ;

Code' ASME III, Class 3- |K
'

'

Fluid 2.5 wt % boric acid, maximum- g. o
"

Material Austenitic stainless steel end'*

Boric Acid Batching Tank
'

Quantity 1

Internal volume 630 gallons (minimum) :

Design pressure Atmospheric I

Design temperature 200*F

|
Normal operating temperature 155'F '

i Type heater Electric immersion ;~

Heater capacity, minimum 45kW 4**,

Fluid 12 wt % boric acid, maximum 3*!

Haterial Austenitic stainless steel
>

|-
:

i

;

|

}!!!
,

.

iAmendment K
j' October 30, 1992 .

!
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"TABLE 9.3.4-4 (Cont'd) |

(Sheet 6 of 11)

PRINCIPAL COMPONENT DATA Supt WlY
.

41 %
Normal operating pressure Atmospheric '

pa92 '

Code None i

Equipment Drain lank

Quantity 1

Type Horizontal, cylindrical
Internal volume 10,500 gallons (minimum) hs.;
Design pressure 30 psig internal,15 psig external y'" ~ '
Design temperature 300*F -

Normal operating pressure 3 psig
Normal operating temperature 120*F

; Code ASHE III, Class 3 '

Fluid 2.5 wt % boric acid, maximum i

Material Austenitic stainless steel :

Reactor Drain Tank' NN

Quantity 1 .

Type Horizontal, cylindrical ;
Design pressure (internal) 130 psig '

Design pressure (external) 15 psig ;

; Design temperature 350*F psig ;
I Normal operating pressure 3 psig i
| Normal operating-temperature. 120*F. ;

. . .

Internal volume 2850 gallons (minimum) . % ;

Blanket gas Nitrogen dh$ |
|- Material Austenitic stainless steel si!Q !'

Code ASME VIII +

Fluid 2.5 wt % boric acid, maximump

L Holdup Tank

Quantity 1 ,

'

Type Vertical (field fabricated) >

, S| tjWul- IM-"1 volume /{75,c<CC,000 gallons
Design pressure 1.5 psigI

,

Design temperature 200*F c!s.1
Operating pressure Atmospheric

,

Operating temperature 40-120*F
Material (wetted) Austenitic stainless steel ,

Code API-650
Fluid 2.5 wt % boric acid, maximum i

- !
'

|- Amendment I
L December 21, 1990

)

_
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. TABLE 9J.4-4(Cont'd)
:

(Shcat 7 of 11) 1
:

PPfNCIPAL COMP 0ttENT DATA St9 MARY
r

Quantity 1

Reactor Makeup Water Tank -

'

Type Vertical (field fabricated) .

. Toyot gg[u.| Et:=1 volume 450, coo =,0;; gallons .

Design pressure 1.5 psig 4g
Design temperature 200*F . WMM
Operating pressure Atmospheric ; ;
Operating temperature 40-120*F

IMaterial (wetted) Austenitic stainless steel '

Code API-650 *

Fluid Demineralized water *!-
s -

Boric Acid Storage Tank
g@~ ,,

Quantity 1 i

Type Vertical (field fabricated) *!i '
Qa.1 useful St:=? volume 25c|ooo400-ees_ gallons y. ;

Design pressure 1.5 psig ':

Design temperature 200*F
Operating pressure Atmospheric ;

Operating temperature 60-120*F i'
Material (wetted) Austenttic stainless steel
Code ASME III, Class 3 |K- .

Fluid 2.5 wt_% boric acid, maximum -is ,
7

-

r. t

;{Purification and Deborating Ion Exchangers ' "i

,

-Quantity 3
_

!

-

;

Type Flushable
Design pressure 200 psig_ I -1

Design temperature 200*Fi
. Normal operating temperature 120*F

3Resin volume, each (useful) 3? 0 ft .(minimum' required)' !
Normal flow 4 gpm !.

D(SMn ".- . -__ fl ow 150 Ren;pm
'J Code for vessel ASME III, Class 3 |K

,
j

i |3 J
- :

,

,' "iFRetention screen size 80 U.S. mesh'- '

l' Material. Austenttic stainless steel
'

L Resin' Cation / anion _

,

mixed bed for purification; I
'

,

- anion bed for deborating
; . Fluid 2.5 wt % boric acid, maximum

|
?
v

Amendment K -

October 30, 1992 .o

;
. . . . . . . . - - .. >
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TABLE 9.3.4-4 (Cont'd)
,

(Sheet 8 of 11)

PRINCIPAL COMPONENT DATA SUPMARY !

Pre-holdup lon Exchanger
;

Quantity 1 i

Type Flushable
Design pressure 200 psig

,

Design temperature 200*F t
.

Normal operating temperature 120*F
Resin volume, each (useful) 32.0 ft3 (minimum required) @- -
Normal flow 100 gpm.

'h(5,t]n-L, mom flow 156 .J W gpm
Code for vessel ASME III, Class 3
Retention screen size
Material

' '
80 U.S. mesh -

Austenitic stainless steel
Fluid 2.5 wt % boric acid, maximum .

Resin Cation / anion mixed bed ..

- W4 '~"

Boric Acid Condensate Ion Exchanger I

Quantity 1 .

Type Flushable t

Design pressure 200 psig
Design temperature 200*F
Normal operating temperature 120*F .
Resin volume, (useful) 32 ft3 (min _imum required)
Normal flow 20 gpm.

Destqn Newtuum flow 100 gpm
J Code for vessel ASME VIII

*Retention screen size 80 U.S. mesh '!
Material Austenitic stainless steel "

Fluid 10 ppm boron, maximum '

Resin Anion i

Purification Filter j
Quantity 2
Type elements Replaceable cartridge :

L Retention for 2 micron and_ 98% |
L- larger particles, % by wt

,

| Normal operating temperature 120*F if t
'

Design pressure 200 psig

.

|
Amendment I

| December 21, 1990

. - ._



CESS AR. Entificarios
1

+

,

I
* e.,#

TABLE 9.3.4-4 (Cont'd) ";

(Sheet 9 of II) ,

'
PRINCIPAL COMPONENT DATA SUPMARY

I

Purification Filter (Cont'd)

Design temperature 200*F
Design flow (50 N gpm
Normal flow -100 gpm
Code for vessel ASME III, Class 3 IX -

Material Austenitic stainless steel 3 i

Fluid 2.5 wt % boric acid, maximum M
:#1? ''

Boric Acid Filter

Quantity 1
'

Type elements Replaceable cartridge i

Retention for 2 micron and 98% ;

larger particles, % by wt
~

g< a .Normal operating temperature 40-120*F) Design temperature 200*F
j Design pressure 200 psig '.|

Design flow 200 gpm t

Code for vessel ASME III, Class 3
Materials, wetted Austenitic stainless steel

I
Fluid 2.5 wt % boric acid, maximum ;

Reactor Makeup Water Filter
s

Quantity I a. 28

Type elements Replaceable cartridge 9p ,
Retention for 2 micron and 98% 'M
larger particles, % by wt
Normal operating temperature 40-120*F
Cesign temperature 200*F <

;

Design pressure 200 psig
Design flow 200 gpm
Code for vessel ASME VIII
Materials, wetted Austenitic stainless steel
Fluid Demineralized water .

Reactor Drain filter
#"i

Quantity I
Retention for 2 micron and 98% ,

'

3 larger particles, % by wt
} Type elements Replaceable cartridge

|
Normal operating temperature 120*F'

Amendment K
October 30, 1992

.- _ _ . . . . _ ,



-. . -

T

CESSAR naincuiow

- ~
'

TABLE 9.3.4-4 (Cont'd)

(Sheet 10 of 11)
*

PRINCIPAL COMPONENT DA1A SUMARY
!

Design temperature 200*F
Design pressure 200 psig
Design flow 100 gpm
Code for vessel ASME III, Class 3
Materials, wetted Austenitic stainless steel .. ,

Fluid 2.5 wt % boric acid, maximum I
.

Jiu
se.1 Injection Fliter p

Quantity 2

Type elements Replaceable cartridge
Retention for 5 micron and 95%

larger particles, % by wt .

Normal operating temperature 125'F !
Design pressure $o26 4Ws psig i

Design temperature 200*F g..

Design flow 30 gpm i
- ~~

Code for vessel 'ASME III Class 3 IK .,

-

Materials, wetted Austenitic stainless steel
Fluid 2.5 wt % boric acid, maximum
Normal flow 26 gpm

Boric Acid Concentrator

Quantity 1 ,

4
n^d;, . T (0.avm iu Diniii.ici su ..;
Maximum distillate effluent concentration .10 ppm boron '

'

# flow 20 gpm@ d, ACooling water flow 700 gpm (maximum)
I ;Steam required at 50 psig 13,500 lb/hr

Code ASME VIII
|

Cas Stripper ;

Quantity I |
3

Design DF. 10 ;

fo}c,d 9^t flow (process) 14 0 Ge> gpm
Cooling water flow 700 gpm (maximum) qp ?
Steam required at 50 psig 20,000 lb/hr (maximum) a.

*

Code ASME III, Class 3

i
!

'Amendment K
October 30, 1992

,

, . _ . .



.

.
,

.j--

,

CESSAR Enn"icariou
t

!

!

-
*

.afew

TABLE 9.3.4-4 (Cont'd)

(Sheet 11 of 11)
~

PRINCIPAL COMPONENT DATA St#9tARY

i

Chemical Addition Package

Chemical Addition Tank:
,

.

Quantity 1
. _

Internal volume 8 gallons (minimum)
..

Design pressure Atmospheric s!# -
Design temperature 150*F 57 ,'
Normal' operating temperature 40-90*F "'
Material Austenitic stainless steel I

7Fluid NH or Li OH solution -

Code N$n8

Chemical Addition Pump:
..in

[hQuantity 1',
Type Positive displacement, variable "4 ;

capacity
Design pressure 3025 -sn psig .g' !.
Design temperature- 150*F

'

Normal operating temperature -40-90*F
Capacity 0-25 gal /hr

-02.,;wn .'. n f 97 " p:'; #
Fluid NH or Li 0H' solution. '*

Material in contact 'with fluid Alskeniticstainlesssteel
Code None V

:

!

:

!

:

, !!N.|?...

|

|

|

Amendment I
December 21, 1990

l
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TABIE 9.3.4-5

CilEMICAL AND VOLUME CONTROL SYSILM PARAMi~TERS

Normal letdown and purification flow 100 gpm

Normal charging flow (to RCS) 90 gpm i

Normal charging mini-recirculation flow 35 gpm

Normal seal injection flow 26 gpm I

Reactor coolant pump controlled bleedoff (4 pumps) 16 gpm Q
Normal letdown temperature at loop 669 gf

Normal charging temperature at loop 445'E

lon exchanger operating temperature 120*F

N!N

,

Amendment I
December 21, 1990
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*~TABLE 9.3.4-6

(Sheet 1 of 8) !

CHEMICAL AND VOLUME CONTROL SYSTEM
PROCESS FLOW DATA i

1. CVCS MINIMUM PURIFICATION OPERATION (Minimum Charging and Letdown Flow) <:

CVCS W TION: 1 2 3 4 5 6 7 8

pm) 30 30 30 0 30 30 .30 30
.

NPress. (psig) 2235 2235 2235 # 60 60 60 60

Temp. (*F) JW 170 120 120 120 120 120 120
M6

,

CVC9t!0 CATION: b 8c Bd 9 10 11 Ilb '12 !

F m) 30 30 46 46 81 46'D~~) us un nu
Press. (psig) 60 50 50 50 0 J525 W 24W"
Temp. (*F) 120 120 120 120 120 20 Q 20 335 y i.

'

12d, 12h, 13a,
CVCS-LQCATION: 12b 12c e, f,9 1,j,k 121 12e b,c,d 13f *

!!pm) 46 0 0 0 46 0 4 16
'

Press. (psig) 2455 2400 2400 2400- 2525 2400 100 100 ;

Temp. (*F) 335 120 120 120 120 120 180 180 j

CVCS 1.0 CATION: 14

m) 35

[b.g
Press. (psig) 100

:ii
. Temp. (*F) J20-

~

100
.r

<[ws.

;

~ . _
-

-

'Amendment I i

December 21, 1990. '
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TABLE 9.3.4-6 (Cont'd)

(Sheet 2 of 8)

CHEMICAL AND VOLUME COUROL SYSTEM
'

PROCESS FLOW DATA #

II. CVCS HORMAL PURIFICATION OPERATION (Normal Charging and Letdown Flow) .

CVC%iOCATION: 1 2 3 4 5 6 7 8 ''
.

!hhlow # ) 100 100 100 1 00 100 100 100

ress. (psig) 2235 2235 2235 ,W . 60 60 60 60

Temp. (*F) JW 90 120 120 120 120 120' 120
6 file

,

CVCS,h0 CATI . 8c 8d > 10 11 11b 12 :

F ow*(g .) 100 100 116 116 151 90 ' D I
'

:)MD MW MM
Press. (psig) 60 50 50 50 50 JA07 350er- 2.485'~

'

Temp. (*F) 110 120 120 120 120 20 - 1-20 -4'4[

12d, 12h,1 13a.
'

CVCS LOCATION: 12b 12c e, f,g j,k 121 12m b,c,d 13f

F m) 90 26 6.5 6.5 90 26 4 16 ar

Press. (psig) 2455 2400 2400 2400 2500 2400 100 100 |

Temp. (*F) 440 120 125 125 120 125 180 180
3

-

,

CVCS.LDCATION: 14

'F m) 35

Press. (psig) 100 g'
Temp. (*F) J2tr'

/00

/

d 1204
,

Amendment I '

December 21, 1990
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TABLE 9.3.4-6 (Cont'd)

(Sheet 3 of 8)
'

CHEMICAL AND VOLUME CONTROL SYSTEM
PROCESS FLOW DATA i

III. CVCS MAXIMUM PURIFICATION OPERATION (Maximum Charging and Letdown Flow) -

!

g!CVCS,t0 CATION: 2 4 5 6
ISO ISO /SO /SO /So /So /So /SQ- ) +gg

F ou gpm) 1M" Ptf* l]Y W PY PY .lM* .9tr"~ %

Press. (psig) 2235 22 N 23 60 60 pr
Temp. (*F) 230 120 120 120 120 120 120

.'
CVCS4QCATION: JW8c 8d 9 10 11 lib 12' eie ,

x1190 j% )
^

'
ISO ISO /Wa IMo Zo|

W|We
'

.) pm) >Mr )M }&Y }JHY M .1&fY M
2630 2Who 21,30 ' ;

Press. (psig) 60 50 50 d .?A5tr 1460 JA&'t /
'

Temp. (*F) 120 120 120 120 120 120 2-0 33

12d, I?h,i 13a
CVCS 1,'QCATION: ,42 O Rc e, f,9 j,k 4tN2m b,c,d ' 13f .s

F pm) 26 6.5 6 26 4 16 . ;

Press. (psig) 2400 2400 2400 2400 .2450 2400 100 100

Temp. (*F) -265 120 125 125 120 125 180 180
,

CVCS LOCATION: 14

Cp,..,

Press.-(psig) 100 4

4

Temp. (*F) J# [
#

}
: .es

\*lO *f
Amendment I
December. 21,. 1990. #

_ |
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TABLE 9.3.4-6 (Cont'd)

(Sheet 4 of 8)

CHEMICAL AND VOLUME CONTROL SYSTEM
PR0tLTS FLOW DATA f

IV. CVCS MAKEUP SYSTEM OPERATION

1) Automatic Mode (Blended Boric Acid Concentration = 900 ppm)
,

7 % . :.

CVCS LOCATION: ,-l 16 17 18 IBb 18c :i

/ 5T 3't 31 3't 3'+ 3't -Yow gpm) # y 34- # .,34' O y )
IST /Press. (psi JW 130 130 130 0 _J30/ |

Temp. (*F) 120 ~ 120 120 12 6 120

CVCS-t0CAIION: J 1M 23 23b 24
~

N k 20 h .l!low g . lear

Press. (psig) 130 h 0 15 130 J
'

Temp. (*F) 120 120 120 120 120 120 120 :

'
,

h l'lo I
,

N:

|

!

i.
' Amendment I

December 21, 1990
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TABLE 9.3.4-6 (Cont'd)

(Sheet 5 of 8)

CllEMICAL AND VOLUME CONTROL ~ SYSTEM
PRDCESS FLOW DATA f

IV. CVCS MAKEUP SYSTEM OPERATION (Cont'd)

2) Dilute Mode

CVCS40 CATION: 15 16 17 18 18b 18c 19 ,,s.

pm) 0 0 0 0 0 0 0'

ress. (psig) 41 41 41 41 41 0 41

Temp. (*F) 120 120 120 120 120 120 120

CVCS40EATION: [ 21~ 23 23b 24 25 -

~

4 IBo 2co /Bo /60 /Bo /80
ou pm) ]k5 y }45'' pV5 20 }4'5 Jhr vi '

/60
ress. (psig) 0_ 15 JW 130 15 130 130

~N
Temp. (*F) 120 120 120 120 d0 17 120 .

'
3) Shutdown Boration

CVCS,E0 CATION: J [ 16 17 18 18c
,

4 ~40 ISO ISO 150 ISO 1
ow pm) J87 J5f ,13T J32 J3E' +

ISS
ress. (psig}' 41 y 130 130 130

Temp. (*F) 120 % 120 120 -- 12 120

;. .

lioY .I

,

Amendment I
'

December 21', 1990-

.
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TABLE 9.3.4-6 (Cont'd)

(Sheet 6 of 8)

CllEMICAL AND VOLUME CONTROL SYSTEM i

PRDCESS FLOW DATA f
.

IV. CVCS MAKEUP SYSTEM OPERATION (Cont'd)

4) BAST Boration (Boric Acid Batching Operations)

N
Ihve:8'
:

CVC7 LDCATION 15 16 17 18 18b 18c J8 18
"

4 feo /6o /60 /60 /Go Vo 200 .

low gpm) pt prf p J4Y p- 'O )0' );Mr'

'ress. (psig) ( 130 130 j 3 130 0

Temp. (*F) 120 120 120 120 120 120 155 155

5) Resin Sluicing- iii% ',

CVCLEQCATION: ffl 1 22 23 23b 40s 41 -484 is

ow pm) 40 40 20 scf .NTgpm gpm+
cfm_10sof

60 1% IC 12c
Press. (psig) 15 J&S J&5 ,9- 3 JRr 130 130 ;

Temp. (,'F) 120 120 120 120 120 120 120 120
,

6) Borate Mode T,

CVCSJ.0 CATION: 15 16 17 18 18c 19 20 e

'

) 120 10 100 100 0 100 100

iST
Press. (psig) 41 J38- 130 130 15 130 130 i

Temp.-(*F) 120 120 120 120 120 120 120 i
.

eiEf; !'ii; '

d 12o*
]

,

Amendment I >

December. 21, 1990
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TABLE 9.3.4-6 (Cont'd)

(Sheet 7 of 8)

ClimICAL AND VOLUNE CONTROL SYSTm
'

PIf0 CESS FLOW DATA f

-i
V. BORON RECOVERY SYSTEN

1) Processing Nonnal VCT Diversion

.g
CYCSTOC) TION: 32 33 34 i

t /) '
Flow spm 00 10 100

ress. (p g) #

Temp. (*F 120 120 J# of3 1

t@*] 2) Process ng-Max.istum VCT Divnesio ' "

r-
CVG$' LOCATION: JO3 34

g )) )?O' )?tT JJ0'
ISO ICO IS'o

Flo/w
pm

GS GS LS UV
r ss. (psi ) J0' ,W J6' '

Temp. (?F) 120 120 .)2tTjg
,

n ,

|
'

a-

3) Reactor Drain Tank Processing'

CVCS LOCATION: 26 27 _ 30 - 31 .57 N 3 34%
.

low # pm) 200 g 50 50 50 50 ,

' ?S '4o % 66
ress. (psig 3g 3,( ,95~ )8' A6' J0' E

,

Temp. (*F) 120 120 120 120 120 120 g/30 . j

epp

!

$O i(

:

| ,

|- >

k
_ _ _ _
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TABLE 9.3.4-6 (Cont'd) i

(Sheet 8 of 8)
.

CHD11 CAL AIO VOLUME CONTROL SYSTEM
PROCESS FLOW DATA f

i

V. BORON RECGVERY SYSTEM (Cont'd) !

4) Equipment Drain Tank Processing
,

CJCS40 CATION: 38^-28a 29 30 31 32 33 34 .s;e !s

Iw )- h 50 50 50 Sb 1

Wo 40 Go So K
ress. (psi 3 3,ff' gy y p y ,

+

Temp. (*F) 20 120 DM4 120 I?S -il.6: $ E

f '/50' )
< J

5) Holdup Tank ProceJsing--
dt@.

CVCS40tAIION: jI36 37 38 39 !

St St zo z zo
Flow m) )8' ff )8" JAT ,MT

N'Press. (psig) 20 A3 h JVfo I-

Temp. (*F) 120 110- ----120 160 - 4 20 '
;-

RITE: # Locations correspond to numbers in ellipses.on Figure 9.3.4-1 (Shee'ts
1 through 4)

t

h%
,

.

I

%p !
i

.

;

Amendment I >

December 21,'1990 ,
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TABLE 9.3.4-7
i

(Sheet 1 of 2) k

CHEMICAL AND VOLUME CON 1ROL SYSTEM LIST OF ACTIVE VALVES

Valve flow Diagram Valve Line. Actuator
Number Coordinates' Type Size (in.) Type

.

Reference: Figure 9.3.4-1, Sheet 1 of 4 'l

,

h!.!, [Sh 97 93 0 ;
k.Ik N!'"k @.m u, u,vuu ovicaviu.~ ..o i

CH-255 F-3 Globe 1.50 Motor u-
CH-431 H-6 Check 2.00 None
CH-433 G-6 Check 2.50 None

-C" ".2C o-7 dpringiu.AJ 2.00 L.m
- Ciw a -

CH-447 H-6 Check 2.00 None
CH-448 G-6 Check 2.50 None .. !
CH-515 H-8 Globe 2.00 Pneumatic $*NIK ;

f i Diaphragm ;,/ CH-516 H-8 Globe 2.00 Pneumatic
'

.

Diaphragm
CH-523 E-7 Globe 2.00 Pneumatic

,,
'

Diaphragm i
y-C" :4 EG "i 2.00 "t, *

C"-333 u-7 Ch;;k 2.00 'b n t -
-

;

C:|- 74 7 I0 Ch;ck 2.50 'i n:
CH-787 H-1 Check 1.00 None
CH-802 G-1 Check 1.00 None
CH-807 F-1 Check 1 00 None :.

CH-812- E-1 Check 1.00 None i
CH-835 F-2 Check 1.50 None
CH-866 H-1 Check 1.00 None
CH-867 G-1 Check 1.00 None
CH-868 F-1 Check 1.00 None
CH-b'9 E-1 Check 1.00 None

.

Reference: figure 9.3.4-1, Sheet 2 of 4
.

id|"|h.
CH-144 A-8 Hand 3.00 None
CH-154 B-7 Check 3.00 None W
CH-155- A-7 Check 3.00 None .

CH-164 C-6- Hand 3.00 None
-3 CH-174 C-5 Hand 2.00 None

~j CH-177 B-4 Check 3.00 Nonet

CH-190 Check 2.00 None

Amendment I
Lacember 21, 1990
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TABLE 9.3.4-7 (Cont'd)

(Sheet 2 of 2)

CHEMICAL AND YOLUME CONTROL SYSIDi LIST OF ACTIVE VALVES

Valve Flow Diagram Valve Line Actuator
Number Coordinates Type Size (in.) Type

Reference: Figure 9.3.4-1, Sheet 2 of 4 (Cont'd)

CH-191 Check 2.00 None 'g*CH-501 C-4 Gate 4.00 Motor c,

CH-504 Gate 4.00 Motor *
CH-505 G-7 Globe 1.00 Pneumatic

Diaphragm
CH-506 G-7 Globe 1.00 Pneumatic

Diaphragm
CH-514 B-5 Globe 3.00 Motor
CH-534 Gate 3.00 Motor
CH-536 Gate 3.00 Motor

.'l
NN|CH-590 D-1 Globe 2.00 Motor

CH-591 C-1 Globe 2.00 Motor '/CH-705 E-2 Check 2.00 None
CH-719 C-2 Check 2.00 None
CH-750 0-1 Globe 2.00 Motor
CH-753 A-6 Hand 3.00 None
CH-754 D-1 Globe 2.00 Motor
CH-764 C-1 Globe 2.00 Motor
CH-766 C-1 Globe 2.00 Motor

Reference: Figure 9.3.4-1, Sheet 3 of 4 k
CH-494 H-7 Check 1.50 None
CH-560 D-7 Globe 3.00 Pneumatic

; Diaphragm
: CH-561 D-7 Globe 3.00 Pneumatic
! Diaphragm

CH-580 H-6 G1obe 1.50 Pneumatic
Diaphragm

i

! k!}|

)

Amendment I
j December 21, 1990
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Secondary water chemistry is based on the zero solids treatment
method. This method employs the use of volatile additives to
maintain system pli and to scavenge dissolved oxygen which may be
present in the feedwater.

A neutralizing amine is added to establish and maintain alkaline
conditions in the feedtrain. Neutralizing amines which can be
used for pli control are ammonia, morpholine, and cyclohexylamine.
Ammonia should be used in plants employing condensate polishing
to avoid resin fouling. Although the amines are volatile and
will not concentrate in the steam generator, they will reach an
equilibrium level which will establish an alkaline condition in
the steam generator.

NS,
Ilydrazine is added to scavenge dissolved oxygen which may be Mpresent in the feedwater. liydrazine also tends to promote the '

formation of a protective oxide layer on metal surfaces by
keeping these layers in a reduced chemical state.

Both the pli agent and hydrazine can be injected continuously at
the discharge headers of the condensate pumps or condensate
demineralizer, if installed. These chemicals are added as gnecessary for chemistry control, and can also be ad,ded to the-

m
i upper steam generator feed line when nece"7 y.

-ssba
Operating chemistry limits for secondar # steam generator water, '

feedwater and condensat re iven in Tables 10.3.5-1, 10.3.5-2
and 10.3.5-3. AAA 6 PWdMCimdgh@A. E

Q Aca 2 ,6PRI apa NN.I*A,'4WA hnw 'Mee)
The limits stated are divi wmIm thi a 91 Guys.- usaudi, - immimal
and immediate shutdown. The limits provide high quality
chemistry control and yet permit operating flexibility. The
normal chemistry conditions can be maintained by any plant
operating with little or no condenser leakage. The abnormal '

steam generator limits are suggested to permit operations with
minor system fault conditions until the affected component can be
isolated and/or repaired. The immediate shutdown limits
represent chemistry conditions at which continued operation could E
result in severe steam generator corrosion damage.

IThe following procedures are recommended for protection against
secondary system and steam generator corrosion: A

A. When the normal range is exceeded, immediate investigation gg gof the problem should be initiated, sampling frequency 4increased to the abnormal level (at least twice per 8 hour "

! shift) and blowdown increased to one percent of the main
| steaming rate. The problem should be corrected and the,

parameter (s) returned to the normal range within one week.

Amendment E,

| 10.3-19 December 30, 1988
|
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N 8 TABLE 10.3.5-1
Ou@ #AMM IMh
p OPERATING CHEMISTRY LIMITS FOR

SECONDARY STEAM GEt[ERATOR_. WATER _

~~Pou>c [ o je A % p } ] ;
Normal Abnormal i

Variable precificatio " Limits |
pH (mixed system)I } 8.5- M TZ ^

' }(copper free) ( '
).

Cation Conductivity ( } $ 0.8 pmhos/cm 0.8-2. 0 pmhos/cm g;g

Silic 5 300 ppb
E

Chloride 520 ppb 20-100 ppb
.

SodiumI4} 5 20 ppb 20-100 ppb
_ _

'
,

7E-loo ppbSulfate 5 20 ppb I

.._) wik |
'

,
*

!,

| ->
i. t

.

NOTES: "

I(1) Normal specifications are those which should be ' maintained
!by continuous steam generator blowdown during proper [operation of secondary systems. .
i

a :

(2) A mixed system is any secondary system containing - copper I

alloy components. i

(3) If the immediate shutdown limit of 7.0 pmhos/cm is exceeded,
the unit should be shut down within four hours. |

(4) If the immediate shutdown limit of 500 ppb is exceeded, the .}unit should be shut down within four hours.
|
t(5) In plants where condensate polishers are in operation, the jpH of a copper-free system can be controlled to a value of 2 A ;

8.8, with action required at < 8.8. 'te.
,

_ ~ - _

. -

- -
_

;. . , _

| h YM th & t'.ofi% 'b%fp iMicW $(% 1Y 9.2.

m w gc 6 4 6 p% a$~%. -

" "

_ ~- -

.j
-

i

Amendment E I
December 30, 1988
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Q/R 281.40
-

INSERT TO TABLE 10.3.5-1
., 3

r

variable Wet Layup startup I9

pH (mixed system)(2) '>9.8 8.5 - 9.2 *

(copper free) >9.8 >9.0 '

_

Cation Conductivity ( }
. 12.0pmhos/cm

----

IIIsilica ---- ---- !

Chloride 11000 ppb 1100 ppb .

I4ISodium 11000 ppb 1100 ppb'
Sulfate 11000 ppb 1100 ppb
Hydrazine 75 - 200 ppm ----

N ( ver pressure) >5 psig2 ----

Dissolved Oxygen $100 ppb (8) 15 ppb Nitii ,
_

F

,

NOTES: (1) through (7) see prior page.
!(8) Oxygen value applies to steam generator fill source.
|(9)- Startup values shall be met prior to exceeding 5% j

reactor power.

!
.i

i

!

,

;

.

$

i

?

;hid

,

!

:

.

E

F "
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TABLE 10.3.5-2 'f
-

g:F.

E
r
i

OPERATING CHEMISTRY LIMITS FOR FEEDWATER '

.
!

6ts Normal
variable fage,bu+4 Specifications

pH

a. Mixed system '*- 8.8 - 9.--

b. Copper-free system b 9.3 '__ ,

- Conductivity (Intensified cation)I4I 5 0.2 pmhos/cm--
,

Hydrazin 2 ') v (03 2: 20 ppb |

Dissolved Oxygen fjy $ 5 ppb
I4)Sodium < 3 ppb '

Iron s 20 ppb || i_ , , , ,

I}'

Copper $ 2 ppb '. _ ,

.

NOTES:

(1) Normal specifications are those which should be maintained
during proper operation of secondary systems. ,

(2) Analysis not required for copper-free systems.
|

(3) In plants where condensate polishers are in operation, the -

pH of a copper-free system can be controlled to a value of 'I19.0, with action required at < 9.0.

(4) _ Conductivity and sodium are diagnostic parameters. These i

values were set as a means of addressing steam purity
concerns. It'is realized that lower values will be needed
to meet blowdown limitations in Table 10. 3. 5-1. Feedwater
sodium values of <<1 . ppb are- required to meet steam-

mh. .| generator _ water quality. Likewise, cation conductivity iiih! ! ') values <<0.2 are generally required to meet' steam generator' Mi
water _ quality._

__ _, -- t

~ A N ik u d d p esp' % M ime*'d cge_r D M E [D t.z.(5) A '-

' (Q & yhta.14 ag4 h Wahr fG&& kwkm d k Mm\, bo\ M -

(6 %,b aabes agt JcA k 9tS>Zio'f,b5th F d5%. -

g g

R m J be p W k (Aa\ y A 4 *2h b N 'A'*^(f) gg\cakegabn.4 d A Bk % W l'"b December 30,- 1988
Amendment E

,

StV k& 5 .M. -

.. .- - - . -.



. _ _ . . . _ _ _ _ _ _ _ _ _ . . _ _ _ . . _ _ . . _ _ _ _ - . _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ . _ _ _ - - - . _ - - _ _...-.-- - ._. . . . _ .

|-
p
'

!
f
V

,-.

i '

i -
,

e .

e

e
i

.

*

i

I= >

< ,

4,
Er

8 -

i
|- .

.
)1-
.

> . .
. ,

,

3 3

. .
. !

-

'

4. .
4

1 .

!,' ,

: .

i
.

. - i

4
-

,
4 .

,

-

3
- ,.

+
i, ,
. .

I !

l !
<

9

1'

:
. ,

-'

b

1 .,

' i

1

.

I

i. ATTACHMENT 4
.

. b

"

t
'

.] t

i

l. '. t,
h

| I

1 t
1 |

!
..

4

a

1 . 1-

i4 . s
. 3

d ,' i

. |
e

.

k- b
. :

|
1

0
,

1

I
F

:
t

! !
J i

,

*
!,

'

.-
e

V ~
'sA

I' r y
s

; . !
.. .,

4
-

I . |
| - r

-

.
'

* ,

!. I
g

.

t i

1 . . t
M .
W , 2

:
+
n

I

?

i
n

'I:.

'

'

, ,
_ ..--...s-. .-...._ . . . . . .

__
_ _ _ _ , , _ , _ ________,,,,_.,,,nn,,,,,,-v, ,..,,,,n,..,,-,..,,,,,v.,,e.4



.

' ' '
709-18. doc (8822)bh-74

|

|

|

!TABLE 18.5.2-3

GENERAL SYST m 80t COMPONENT DATA

Component Design & Operating Data
~~tES~SAR-DC - CESKKR-F

Component ]Sys80+) (Sys 80)

Reactor Vessel

Total core heat output (MWt) 4600- 39/V 3,800 I

De y pressure (psia) 2,500 2,500
Pru ey system pressure (psia) 2,250 2,250
RCS inlet temperature (*F) 458- S 54 568 | ,

RCS outlet temperature (*F) 615 621
Design minimum RCS flow rate (gpm) 445W W j G50 445,600 |
Steam Generator

Number of units 2 2
Primary Side

Design pressure (psia) 2,500 2,500
Design temperature (*F) 650 650
Operating pressure (psia) 2,250 2,250

(-intet temperature ('F) 6t5.6 621 )
Outlet temperature (*F) 558 564.5

Secondary Side

Design pressure (psia) 1,200 1,270
Design temperature (*F) 570 575
Full Load Steam Pressure (psia) 1,000 1,070
Full Load Steam Temperature (*F) 545 553
Zero Load Steam Pressure (psia)

8 M,100
1,1701

6F.pnie 6 9.59x10 |Total Steam Flow per gen. (lb/h)
Full load steam quality (%) 99.75 99.75
UdWdLt r tWperaturDull 45U 4 [

'

power (*F) -

'

Pressurizer
3

Internal free volume (ft ) 2,400 1,800
Design pressure (psia) 2,500 2,500
Design temperature (*F) 700 700
Operating pressure (psia) 2,250 2,250
Operating temperature (*F) 653 653
Vessel height (ft) 54 42

lume/PbW r ratio 0.629 6T/2
[Pressurizer /RCS volume ratio 0.194 0.147

i'
'Amendment I

December 21, 1990
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h. Calc compensated Level (Calculated, Normally
Valid, Compensated, normally PAMI display of |

density compensated pressurizer level. Normally
continuously displayed via a digital, analog and
trend display.)

3. RCS T (Continuously Displayed)h

The left side of Figures 18.7.3-12 and 18.7.3-13
illustrates the cisplays for RCS T showing the
normally displayed trend format and tib k,ssociated menu
page respectively. The following sensor channels and
valid parameters are provided on this discrete
indicator:

a. T-112HA, T-112HB, T-112HC, T-112HD (525-675'F,

Loop 1 Thot)
I i

b. T-11)(HA, T-11/HB (50-750*F, PAMI Loop 1 Thot) /O
Calculated, Normally Validated,c. Calc Loop 1 T

h8ksp(lay ofNormally PAMI the average loop 1 T
in the most accurate range. Used for comparisbRb
between loop 1 and loop 2)

d. T-122HA, T-122HB, T-122HC, T-122HD (525-675"F,

Loop 2 Thot)
I f

T-12)HA,T-12)[HB (50-750*F, PAMI loop 2 Thot) )Oe.

Calculated, Normally Validated,f. Calc Loop 2 T
h81sp(lay of the average loop 2Normally PAMI T

in the most accurate range. Used for compari'sBRb
between loop 1 and loop 2)

g. Calc RCS T (Calculated, N. rca U.y Validated,
Normally PAMk display of the average temperature

of loop 1 and loop 2 Tbg$. Normally continuously
displayed via a digital nalog and trend display)

4. RCS Tc (Continuously Displayed) .

The right side of Figures 18.7.3-12 and 18.7.3-13
illustrates the displays for RCS T the normally
displayed trend format and the as88dha,ted menu page
(loop 1 menu page is shown, loop 2 T menu page is
similar). The following sensor chan8els and valid
parameters are provided on this discrete indicator:

a. T-112CA, T-112CC (465-615'F, loop 1A T )

9
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b. T-11XCA (50-750*F, PAMI loop 1A Tcold)
I

c. Calc Leg 1A T (Calculated, Normally Validated,cNormally PAMI display of the average loop 1A

Teold)
d. T-112CB, T-112CD (465-615*F, loop 1B Tcold}

I
.

T-11)(CB (50-750*F, PAMI loop 1B Tcold) 0c.

f. Calc Leg 1B T (Calculated, Normally Validated,
Normally PAMI display of the average loop 1B

Tcold)
g. T-122 CA, T-122CC (465-615'F, loop 2A Tcold)

I
h. T-12KCA (50-750*F, PAMI loop 2A Tcold) /O
i. Calc Leg 2A T (Calculated, Normally Validated,

Normally PAMI display of the average loop 2A

Teold)
j. T-122CB, T-122CD (465-615'F, loop 2B Tcold)

/
k. T-12XCB (50-750*F, PAMI loop 2B Tcold) fO
1. Calc Leg 2B T (Calculated, Normally Validated,cNormally PAMI display of the average loop 2B

Tcold)
m. Calc Loop 1 T (Calculated, Normally Validated,

Normally PAMI Tlisplay of the average leg 1A and
leg 1B Tcglg. Used for comparisons between loop 1

cold)and loop

n. Calc Loop 2 T (Calculated, Normally Validated,
Normally PAMI T11 splay of the average leg 2A and
leg 2B T sed for comparisons between loop 1
and loop 3 @ cold)c1

o. Calc RCS T (Calculated, Normally Validated,
Normally PAME display of the average loop 1 and
loop 2 T Normally continuously displayed via
a digitaT Nn.alog and trend display)I

NOTE: The " Loop 1" and " Loop 2" touch
selections, located beneath the " menu"
label, on Figure 18.7.3-13, selects
which loop data (1 or 2) is presently
being displayed. The figure illustrates
the Loop 1 case.

Amendment I
18'.7-85 December 21, 1990
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2. Cooling System

Figure 18.7.3-22 illustrates the cooling system menu
for RCP 1A (other RCP cooling system menus are
similar).
a. HP Cooler Inlet Temperature (T-150, 160, 170, 180)

b. HP Cooler Outlet Temperature (T-151, 161, 171,
181)

c. RCP Essential Cooling Water Flow (F-471, 474, 475,
477)

d. RCP Essential Cooling Water Outlet Temperature
(T-471, 472, 473, 474)

3. Pump / Motor

Figure 18.7.3-23 illustrates the Pump / Motor menu page
for RCP 1A (other RCP pump / motor menus are similar).

a. Motor Current (RCP-1A, 18, 2A, 2B)

b. Motor Lower Journal Bearing Temperature (T-116,
126, 136, 146)

c. Motor Lower Thrust Bearing Temperature (T-154,
164, 174, 184)

d. Motor Upper Journal Bearing Temperature (T-194,
195, 196, 197)

e. Motor Stator Temperature (T-155, 165, 175, 185)
Mwa d an d Reveae S deh

f. Motor j Rotation B3!s6eeg "'a p m at " *-
0

'"' " -~~

( T--- 110 , 129, 129, l'0)-(0-foginq, ,39 ,99),

g. Pump Lower Journal Bearing Temperature (T-152,
162, 172, 182)

h. Pump Upper Journal Bearing Temperature (T-153,
163, 173, 183)

1. Pump Upper Thrust Bearing Temperatures (T-156,
166, 176, 186)

Amendment E,,
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10.0 SENSITIVITY ANALYSES - LEVEL I
,

As discussed in section 2.7. PRAs include a number of data analysis and modelling
'

assumptions. A set of eleven sensitivity analyses were run to evaluate the
potential impact of modelling and data analysis assumptions for the System 80+
PRA. The initial quantification of core damage frequency was performed in four
steps: !

1) The core damage cutsets were generated for each core damage
sequence.

2) Recovery analysis was performed for each core damage sequence and

the cutsets for each core damage sequence were requantified.

3) All core damage sequence cutsets associated with each initiating
event were combined into initiating event core damage cutset files.
Each initiating event core damage cutset file was quantified to
generate an overall core damage frequency for each initiator. +,

4) The initiating event core damage cutset files were combined to form
a Total Core Damage Cutset File. The cutsets in this file were
requantified to generate the total core damage frequency.

Several of the sensitivity analyses were p' formed by requantifying the Total
Core Damage Cutset File with temporary data ..ges in the data base files. The
following paragraphs describe the individual sensitivity analyses and their
results. Table 10-1 summarizes the results of the sensitivity analyses.

10.1 OPERATOR ERROR RATE - GENERAL
r

The System 80+ fault trees and event trees include basic events representing
failure of the operators to perform specific tasks. The probability that the
operator failed to perform the specified tasks was determined using the SHARP"

10 - 1
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methodology as described in .section 2.5 and .5.5. There is uncertainty in the ,

quantification of Human Error Probabilities (HEPs) because of the various i

assumptions that are made in the calculation process, Previous PRAs have shown !

that the core damage frequency can be sensitivity to the HEPs used in the .

Gnalysis. A sensitivity analysis was performed to determine the potential impact
.

on the System 80+ total core damage frequency. All operator error rates ;

presented in- table 5-5 and the non-recovery probability for recovery action.
RCVRMOV. in table 5-7 were increased by one order of magnitude and the Total Core +

Damage Cutset File was requantified. The total core demage frequency increased :
'

from 1.66E-06/yr to 9.82E-06/yr. a factor of 5.92 increase in total core damage
frequency. This indicates that the System 80+ PRA results are somewhat sensitive
to human error probabilities. Table 10-2 presents the dominant cutsets (all
cutsets above 1.0E-06) for this sensitivity analysis. As can be seen from these
cW. sets. nine of the fourteen cutsets involve failure of long-term cooling and
include two or three operator errors.

,

10.2 OPERATOR ERROR RATE - CONTROL ROOM RESPONSE +, |

.

>

In general. Lhe operator errors included directly in the fault tree models or ;

added as non-recovery actions can be classified as errors committed before the
initiating event (pre-existing maintenance errors). failure to perform actions |

in the control room.' and failure to perform local actions (actions outside of the
control room. A question has arisen as to the impact on core damage frequency
if only operator actie , that can be performed from the control room are I

i credited. A sensitivity analysis was performed to evaluate this issue. The ;
I a

failure probability for all @HFD@@@@@@@@ga@ (post-trip local action) components

ir table 5-5 were set to 1.0 with an error factor of 1.0 and the non-recovery .

procability for PCVRMOV in table 5-7 was set to 1.0 with an error factor of 1.0. i

The Total Core Damage Cutset File was then requantified. The core damage
,

*frequency changed from 1.66E-06/yr to 1.8E-04/yr. a factor of 108 increase in
' core damage. Thit indicates that the System 80+ PRA results are sensitive to the e

assumption that the operators can and will perform local actions. Table 10-3
7

presents the domir:.it cutsets (all cutsets above 1.0E-06) for this sensitivity
analysis. As can be seen from this table. 27 of the 29 cutsets involve failure

.

10 - 2 ;
r
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of long-term cooling. For most -of these cutsets, the main operator error
involving failure to perform a local action is AHFDCST. operator fails to align i

CST to EFW storage' tanks, in these scenarios there is more than adequate time 1

- for the control room operators to dispatch equipment operators to align the !

-proper valves. Therefore, it is considered realistic to assume that this ts/pe f
of local action would be performed. !

:

10.3 MOTOR-OPERATED VALVE FAILURE RATE j

'

A large number of motor-operated valves are used in the safety related systems
in a nuclear power plant. In general, these valves must change position to *

perform their safety related function. In the past, there has been some concern !

that the failure rates for motor-operated valves have been under estimated. A i

sensitivity analysis was performed to evaluate the impact of increasing all |
motor-operated valve (MOV) failure rates by one order of magnitude. The' base MOV I

failure rates in the .TC file (see table 5-1) were increased by one order of {
magnitude. This included the base failure rates for VMA. VMB. VMD. VMF, VMQ, and +3 i

VMT. In addition, the common cause failure rate for all MOV related common cause '4
|
!failures as presented in table 5-3 were increased by one order of magnitude. The

Total Core Damage Cutset File was then requantified. The core damage frequency f
increased from 1.66E-06 to 5.72E-06. a factor of 3.4 increase in core damage |
frequency. This indicates that the System 80+ core damage frequency is not ;
highly sensitive to the MOV failure rates. Table 10-4 presents the. dominant i

cutsets (all cutsets above 1.0E-7) for this sensitivity analysis. Eleven of the |
thirty cutsets involve common cause MOV failures and twelve of the cutsets

;

involve multiple independent MOV failures. The remaining 7 cutsets did not !

involve MOV failures.

-
.

:

1

f,
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/

!

+. - . r .- . . , . - - - - . - - -



. . -. ._ _ _ . _ _. . _ _ . . __ _
,

.

'
10.4 SITS FOR MEDIUM LOCAS

.For the System 80+ PRA. a best-estimate thermo-dynamic analysis was performed to

confirm the thermo-dynamic analyst's belief that Safety Injection Tank (SIT) !

injection was not needed to prevent core damage for medium LOCAs. LOCAs with an ;

2 2effective break size between 0.50 ft and 0.03 ft In' previous PRAs. it was

assumed that three of the four SITS had to inject to prevent core damage for both'
large and medium LOCAs and the PRA models were constructed accordingly. In the
System 80+ PRA. SIT failure was included in the large LOCA models (see section

4.1) but was not included in the medium LOCA models (see section 4.2). A i

sensitivity analysis was performed to determine the impact of assuming SIT
injection was required to prevent core damage for medium LOCA, This involved -

effectively incorporating the large LOCA SIT failure model in the medium LOCA r

models. This was accomplished by taking the cutsets for the Large LOCA core
damage sequence LL-4 (see table 9.2.1-4). changing the initiator from.large LOCA
to the two medium LOCA initiators and inserting the new cutsets into the Total

.

.;

Core Damage Cutset File. Four cutsets were added to the file. They are:
1 4 <

'

1) - MLOCA1 * HVCXS-SET 1 |
2) MLOCA1 * LVCXD-SETI

3) MLOCA2 * HVCXD-SET 1 :

E4) MLOCA2 * LVCOX-SETI

fThe Total Core Damage Frequency Cutset File was then requantified. The total
core damage frequency changed from 1.66E-06 to 1.67E-06. a nominal change. This

indicates that the System 80+ core damage frequency is not sensitive to the I
assumption that SIT injection is not needed to prevent core damage for medium |
LOCAs. i

-

10-5 AGGRESSIVE SECONDARY C00LDOWN NOT FEASIBLE

.

For small LOCAs and Steam Generator Tube Ruptures (SGTR). it was assumed that if

safety injection was not available for inventory control the RCS could be i

i

10 - 4
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depressurized via a rapid cooldown using'the secondary side and the Shutdown
Cooling Pumps aligned to provide' injection for RCS . inventory control. This ;

assumption was based on analyses for System 80 plants documented in

CEN-239* "' A confirmatory analysis was performed to demonstrate that these
'

analyses are valid for System 80+. The question still remains of the potential
impact on the core damage frequency if aggressive secondary cooldown for SCS
injection were considered not feasible. A sensitivity analysis was performed to
evaluate the impact on core damage frequency of assuming that Aggressive ,

Secondary Cooldown for SCS injection was not feasible. This was accomplished by

deleting the cutsets for Small LOCA sequences SL-9 and SL-10 (see tables 9.2.3-5
and 9.2.3-6) and SGTR sequences SGTR-15 and SGTR-16 (see tables 9.2.4-9 and
9.2.4-10) from the Total Core Damage Cutset File. setting the probability that
the operator fails to perform the aggressive secondary cooldown to 1.00
(AHFFASCSLOCA = 1.0 and AHHFASCSGTR = 1.0) and requantifying the Total Core

Damage Cutset File. The total core damage frequency changed from 1.66E-06 to
7.7E-06. a factor of 4.6 increase in the core damage frequency. This indicates
that the System 80+ PRA results are not highly sensitive to the assumption that
aggressive secondary cooldown for SCS injection is feasible for inventory control e,

'

for small LOCAs and SGTRs. Table 10-5 presents all cutsets with a frequency of [
greater than 1.0E-8 for this sensitivity analysis. The top four cutsets in this

,

table involve failure of safety injection following a small LOCA or SGTR and no
cggressive secondary cooldown for SCS injection. The safety injection system
failures in all four cases are due to common cause failure of various valves.

:

10.6 RCP SEAL FAILURE ON STATION BLACK 0UT
.

With loss of all station AC power (Station Blackout). RCP seal cooling water will

._

The NRC has postulated in their evaluation of Station Blackout" thatbe lost.
under these conditions, the seals will begin to degrade and gross seal leakage
on t.he order of several hundred gpm may occur. The CEOG contends that this.is
not credible for pumps used in C-E plants". System 80+ uses CE-KSB pumps. The

{
CE-KSB pumps use a system of 3 hydrodynamic seals to seal the pump shaft. (These

seals are similar to the Byron Jackson RCP seals except that the Byron Jackson

i
10 - 5
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,

seals use four stages.) Hydrodynamic seals are less subject to leakage than are
the hydrostatic seals used by other RCP manufacturers. The first two seal stages f
derease the pressure by about 84%. and the third stage decreases it by 16%. Each

of the three seal stages is capable of operating at full system pressure.
.

!

Several tests have been performed to address the capability of Byron Jackson seal
assemblies to maintain integrity and limit seal leakage under loss of seal
cooling / station blackout conditions. A simulated station blackout test was run
on a prototype seal cartridge for one utility. This test was run for more than
50 hours at steady state SB0 conditions: no shaft rotation no cooling, and plant
operating temperature and pressure. Seal controlled leakage remained within

-

'

normal limits (approximately 1 GPM) for the entire period. Another significant4

test was a thirty minute loss of cooling water test. In this case. the RCP shaft i

was rotating a more severe condition than for 580. During this test, the seal
maintained its function. and the maximum controlled leakage was 2 GPM. 1

Thus, based on the robust seal design, and the results of the tests and operating ,

experience. CE has asserted that the System 804 RCP seals can cope with SB0 +4
' '

Conditions without developing significant seal leakage. However, a sensitivity
analysis was performed to evaluate the potential impact on core damage frequency
if there is a finite probability that the System 80+ RCP seals will fail ,

following a Station Black 0ut (SBO) or Loss of Component Cooling Water initiating |
events.

,

t

The impact on core damage frequency of RCP seal failure following an SB0 can be
estimated by creating a new core damage sequence. SBORCP, generating the cutsets. !
and quantifying the cutsets to get an incremental core damage frequency that can f
be added to the overall core damage frequency. The new sequence can be expressed

Ias:

SBORCP = (Station Blackout Occurs) AND [10-1] i
1

(RCP seals fail given that the SB0 has occurred) AND |
<

(Offsite power not recovered in time to prevent core ;
'

uncovery and damage)

10 - 6
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An SB0 is defined to be a Loss Of Offsite Power (LOOP) with demand failure of
both diesel generators and failure of the Standby AC Source. If, following an

|
SBO. RCP failures occur. core damage can be prevented if offsite power is

i,

restored and the injection pumps started before core is uncnvered. The availtble |

time to recover offsite power is a function of the RCP seal leak rate. For ;his ;
sensitivity analysis, it was assumed that the RCP seal leak rate was such that

|
the time available to recover offsite power before the core would become i

Iuncovered was one hour. The fault tree presented in figure 10-1 was used to
!model the new sequence. SBORCP.

o

The initiating event. Loss of Component Cooling Water. <ill result in the loss
of cooling water flow to the seals of two of the four ACPs. At the same time. .f
cooling water flow to the charging pumps may also be lost. This would result in I

'loss of seal injection flow to the RCPs also. In January.1992. ABB-CE committed
s

to install a backup seal injection system to provide additional protection for -|
!.he RCP seals given loss of seal cooling and seal injection. This backup system ;

will consist of a positive displacement pump that will provide seal inject flow !
via the existing seal injection lines in the CVCS system. In order to provide +, !
seal protection for loss of CCW. this pump will be self cooled. The pump driver [

'

will be powered from one of the four 4.16 KV v aal buses which can be powered by !

offsite power the emergency diesel generators or the standby AC source. This ;

pump will be manually loaded to an available 4.16 Kv bus when needed. !,

-!

The potential impact of an RCP seal failure following loss of component cooling '

water on core damage frequency can be estimated by creating a new core damage !

sequence. LCCWRCP. generating the cutsets, and quantifying the cutsets to get an t
,

incremental core damage frequency that can be added to the overall core damage |

| frequency. The new sequence can be expressed as: ;

:
i

LCCWRCP - (Loss of Component Cooling Water Occurs) AND (Backup Seal !

Injection System Fails) AND (RCP seals fail given that the .

| loss of component cooling water has occurred) AND (Safety '

t Injection System fails to provide inventory control) i
!

I f

i
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The fault tree presented in figure 10-2 was used to represent this sequence. >

q

The data for all basic events in the above models, with the exception of
RCPSEAL4. RCPSEAL2. and RCPSIBU is presented in the data tables in chapter S.

,

The calculations of the values for RCPSEAL4. RCPSEAL2. and RCPSIBU are presented ~!

in the following paragraphs.
,

.

ABB-CE plants are designed with Reactor Coolant Pumps (RCPs) with- multiple !

'

stages. in series, each able to hold the full primary pressure. The earlier
plants have Byron Jackson pumps and seals with 4 stages in a replaceable seal !
cartridge. The three newer plants have KSB pumps using seals with 3 stages. ;

Four plants are using Bingham seals (4 stages) on BJ pumps. All of the seal i

designs have the characteristic that each stage is able to hold the full primary 'f
pressure. Reference 73 summarizes the pumps, seals and operating experience for j
ABB-CE reactors. In the analysis presented here, the full assembly of the three
or four stages will be referred to as the seal and the individual sections are

, ,

called the stages. [

q
'

ABB-CE reactors have accumulated 190 reactor years of operating experience to !

date. There has never been a seal induced LOCA at any of these plants for any- ]
reason including loss of seal cooling.

:

In the April 19. 1991 Federal Register Notice, the NRC announced the release of :

their proposed resolution to Generic Issue 23 in Draft Regulatory Guide DG-1008 ~
and supporting documents. In response to that draft, the CEOG had ABB-CE survey -|

7the CE reactor owners and document their RCP seal performance ~1n CEN-408 -In i

addition. earlier seal events were identified from references 74 through 87.
.

'

These events' are both from reactor operations and planned tests. Table 10-6
summarizes the events. The first two columns give the dates and plant. Tests |

are noted with a "T". The number of pumps or seals are noted in the next column. |
The fourth column gives the number of stages that were exposed to loss of !
cooling. The fifth column gives the number of leaks reported. All but one leak I

with reported leakage rates were 3 gpm or less. The only exception was the j
s

8/1/88 event where a 20 gpm leak was observed and two stages were reported '

10 - 8 ;
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damaged in a single. seal. A leakage of 20 gpm is still well below the maximum
capacity of.the charging pumps for all the ABB-CE plants and therefore not a
LOCA. Even under SB0 conditions. this rate of coolant loss would not lead to l

1

core uncovery until well over 24 hours which is well over the NRC mandated j

" coping time" of 4 hours. This one event was considered as a common cause
failure and used in calculating B. In some cases. the pumps were kept running

.

for a period after coeling loss. These conditions are considered more severe |

than SB0 conditions because more heat is imparted into the seal. No events (with j
or without seal cooling) at ABB-CE reactors have been seal LOCAs.

.

Details of the exact type of damage to the stages was lacking in most event :

descriptions. In normal operation the seals leak slightly by design (about 1 gpm .

bleed-off). This bleed-off is necessary for lubrication. In most events, no

increase in bleed-off was observed. Where there was an increase in leakage, most j

reported leakages were 3 gpm or less. In a few events it was reported that a |
stage was damaged. |

t

fThe approach taken in this analysis was to first calculate the conditional +4
probability of a stage failure' given loss of cooling and then calculate- the I

'

probability of having all three or four stages in a single seal fail by using the ;

Multiple Greek Letter Method" First. optimistic and pessimistic stage failure -
rates were estimated. The optimistic failure rate was based on the assumption f
that the only stage failures were the events where a stage failure was reported. !

*The pessimistic failure rate was estimated assuming that any increase in leakage
was caused by a stage failure. The median value was then calculated by assuming
a log-normal failure probability distribution and the optimistic failure
probability represented the 5% fractile and the pessimistic estimate represented
the 95% value. i

- Having calculated the probability that a single stage would fail, it is now i

possible by using the multiple greek letter method of common cause failure |
analysis, to calculate the probability that 3 or 4 consecutive stages in a |
complete seal would fail simultaneously. The equation for the probability of a [
complete seal assembly failing is: !

|

f10 - 9
/

f

i
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I

j
Q = # * y * 6 * P,,,,, [10-2] ;

where: 0= probability per demand of total seal- '

failure given loss of cooling. 1

|

i
#= conditional probability that the common cause- |

of a component failure will be shared by one~ or i

more additior,al components. !
i

fy= conditional probability that the common cause

of a component failure that is shared by one' or'
more components will be shared by two or more ;

components additional to the first. 3
14

6= conditional probability that the common -cause f

of a component failure that is shared by two or -
more components will be shared by three or more'

,

components additional to the first. -+4

i

and P,,,,,a total failure probability of a stage due to {
all independent and common cause events.

!

There was one event where two stages were reported as failed. This permits the.
calculation of B. Since no events reported the loss of three or more stages, the

7values used for y and 6 will be ' recommended values of 0.5 and 0.9 respectively.
'For a three stage seal . 6 - 1.0.
,

The optimistic estimate of the stage failure probability is based on reported
stage failures and assigned a 5% fractile in a probability distribution. From ;

column 6 of Table 10-6 there were 6 reported stage failures in 245 stage j
exposures or 2.45E-2/d. The 95% fractile was based on the assumption that any
leakage increase was a stage failure (column 4 of Table 1) and is 15 stages in |

L 245 stage exposures or 6.12E-2/d. Assuming that the failure probability
| distribution is log normal the median value is the square root of the product

10 - 10
r

'
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i

- of these two extremes and is equal to P.,,, - 3.87E-2/d.
,
,

|

# is the ratio of stages that failed in a common mode to the total number of
t

failed stages With the 8/1/88 event being the only common mode failure. B - |

2/(3.87E-2 * 245) = 0.211. :
,

'

The equation for the probability 0. of a complete seal assembly to fail given
loss of cooling is: '|

0 - B * y * 6 * P,,,, [10-3] ;

!

where: 0- failure probability per demand of RCP seal' !

given loss of cooling ],

-

,

B= 0.211 I

!
y= 0.5 !

:
9

'

6- 0.9 for four stages r

1.0 for three stages

'

ar * P.,,,- 3.87E-3/d
!

!

This results in: j
.:

~

0 ,,,,,= 3.7E-3/d g4

I

0 .,,,, = 4.1E-3/d3

i

For, a Station Blackout event. all four RCP seals are exposed. Therefore the ;
'

probability.of a seal LOCA is four times that for a single RCP. Thus:

RCPSEAL4 - 4 * 4.1E-03 - 1.64E-02/ demand. f
An error factor of 3.0 was assigned to this value. !

10 - 11 ;
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,

-For a Loss of One Division of Component Cooling Water. only two RCP seals are
exposed. Therefore the probability of an RCP seal LOCA is two times the base

"

RCP seal failure probability. Thus:
.

RCPSEAL2 = 2 * 4.lE-03 = 8.2E-03/ demand. 1

An error factor of 3.0 was assigned to this value.

i
As stated above. this backup system will consist of a positive displacement pump '

that will provide seal' inject flow via the existing seal injection lines in the
CVCS system. In order to provide seal protection for loss of CCW. this pump will

;
be self cooled. The pump driver will be powered from one of the four 4.16 Kv
vital buses which can be powered by offsite power, the emergency diesel |

,

generators or the standby AC source.. |
r

t

The detailed design for the standby seal injection system has not yet been ,

developed. However, a system unavailability can be estimated based on the above
information. The system will have one positive displacement pump. For the '

purpose.s of this analysis, it is assumed that a motor driven pump will be used. +, i

'

The following information was extracted from the KAG*: :
,

P(f) = 2.5E-05/ hour for a motor driven pump. ;

O = 2.0E-03/ demand d

Assuming a mission time of 24 hours, the system unavailability contribution due
to the pump is:

,

U = 2.0E-3 + 24 * 2.5E-05 - 2.6E-03.p

i

It is also assumed that the system will have four motor-operated valves that will |
have to open. It is assumed that these valves will be powered from the 125 VDC ,

vital buses. Based on data in the KAG*, the unavailability contribution
attributable to the valves not opening would be:

i{
,

0, = 4 * 4.0E-03/ demand - 1.6E-02

10 - 12
| -
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Thus the total estimated unavailability of the system is:

U, = U, + 0 - 2. 6E - 03 + 1. 6E - 02 1.9E-02 1
-

i
,

i

For the purposes of this analysis this value was rounded up to 5.0E-02 to
account for operator errors. Thus:

.

RCPSIBU = 5.0E-02
.

'

An error factor of 5.0 was assigned to this value.

The fault trecs for SBORCP and LCCWRCP were quantified using the data above and

the base failure data from section 5. The resultant core damage frequency for i

SBORCP was 3.59E-09/ year. The resultant core damage frequency for LCCWRCP was

calculated to be 1.04E-09. Thus, the calculated increase in core damage
frequency attributable to RCP Seal LOCAs would be 4.63E-09. This would be an +4

'

increase of less than 1%. Thus, the System 80+ PRA core damage frequency results

are not sensitive to the assertion that the RCP seals will not fail following an
SBO. Additional analyses were performed to further evaluate the impact on core
damage frequency of variations in the assumed conditional probability of RCP seal
failure on SBO. The values used for the conditional RCP seal failure rate in
these analyses included the 5th percentile values for RCPSEAL4 and RCPSEAL2, the

95th percentile values and an order of magnitude increase for the mean values.
In addition, the impact of the conditional RCP seal failure rate value of 0.6
used in NUREG-1150 was evaluated. The 0.6 value is applicable only to the
Westinghouse seal design which is known to have RCP seal leak problems on station
blackout. The 4L , - te RCP seal design evaluated in NUREG-1150 is
significantly different from the CE-KSB seal design

As shown on figures 10-3 and 10-4. Station Blackouts with an assumed RCP Seal

LOCA do not cause a significant increase in the total System 80+ core damane
frequency over the entire range of evaluated conditional seal failure ,

.

10 - 13
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.

probabilities. Even using the conditional seal failure probability for .;

Westinghouse seals would result in only a 10% increase in total core damage j
frequency. Thus, the System 80+ core damage frequency is not sensitive to the ')
assertion that the RCP seals will not fail as a result of a station blackout'
These sequences would also be expected to have little impact on the containment-
performance analyses because they are similar in nature to other sequences that
have been evaluated and SBORCP and LCCWRCP have low frequencies (less than 1% of !
the total). For example. LCCWRCP would map into PDS 167 which has a total |
frequency of 5.2E-08 (see table 12.1-7).

.

.

:

10.7 COMPONENTS UNAVAILABLE DUE TO MAINTENANCE

;

Components in safety related systems are periodically tested per technical
specification requirements. In some cases, the components may be unable to

.

perform their safety related function during the test. In addition, if the :

component is found to be failed during the test, it is taken out of service for
'maintenance. While the component is out of service for maintenance, it is unable +4

to perform its safety related function. Component unavailability due to test and. '
'

maintenance was included in the System 80+ PRA models. The basic events for-
component unavailability due to test and maintenance are presented in table 5-4.
A sensitivity analysis was performed _ to evaluate the impact on core damage I

frequency if it was assumed that all components were able to perform their safety .
,

related function while in test and that no maintenance was performed on' safety ~ !

related equipment while the plant was at power. This was done by setting the ,

failure rate. for all basic events in table 5-4 to 0.0 and re-quantifying the
Total Core Damage Cutset File. The total core damage frequency did not change
from the b6se value of 1.7E-06/yr. This indicates that the results of the System

| 80+ PRA would not improve if there was no testing or maintenance unavailability
,

| . for-safety related components.
.

10.8 ADVERSE MTC

An ATWS is an event in which an anticipated transient occurs but the reactor is i
not shutdown by automatic insertion of the control rods. One factor that '

| 10 - 14
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|
|

influences the progression of an ATWS event is the Moderator Temperature |

Coefficient (MTC). If the MTC is more positive than a calculated critical value.
;

the peak RCS pressure will exceed the level C stress limit pressure and a non- j
mitigatable LOCA is assumed to occur (see section 4.13.1). For System 80+ the

critical MTC was calculated to be -0.30E-4 4/ F. For MTC values more positive
than -0.30E-4 @/ F. the peak RCS pressure will exceed the level C stress limit |
pressure if less than tree PSVs open. For System 80+. it has been determined '

that the MTC value should be less than -0.30E-4 @/ F for 99% of the core life
(see figure 5-2. page 5-68). The dominant ATWS core damage sequence is (ATHS i

occurs) AND (MTC is adverse). A sensitivity analysis was run to evaluate the
impact on core damage frequency 1f the MIC was found to be adverse over a larger ;

f raction of the core life. For this sensitivity analysis. the value for SE-MIC,
adverse MTC. in the CAFTA data base was increased from 0.01 to 0.1 and the Total

'

Core Damage Cutset File was requantified. The total core damage frequency I

increased from 1.66E-6/ year to 2.09E-6 per year. a factor of 1.3 increase in core -
damage f requency. This indicates that the overall System 80+ core damage

i

frequency is not very sensitive to the adverse MTC probability.
+,

.

.

10.9 LOSS OF OFFSITE POWER FREQUENCY

>

For the System 80+ PRA. the core damage frequency contribution attributable to
events initiated by a Loss Of Offsite Power (LOOP) was calculated to be 2.0E-
08/ year. This represents only 1.3% of the total core damage frequency for -

internal events. In past PRAs, the core damage frequency attributable to LOOP
has been greater in both absolute value and relative contribution to the total.
There are a number of reasons for the reduction in the core damage frequency

;
contribution for LOOP for System 80+. These ir.cwde the capability of the main

,

turbine / generator to runback and pickup hotel lead on loss of offsite power. two
separate switchyards for incoming power, a four train EFW system with two 100%

cap 5 city turbine driven pumps. 6 vital batteries which provide an 8 hour coping
capability and a standby combustion turbine which can backup the diesels. Based
on the first three features described in the preceding sentence, the Loss Of .

Offsite Power (LOOP) initiating event was defined as a loss of site power which
.

required the startup and loading of the emergency diesel generators. The LOOP
'

10 - 15
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i

frequency calculated for System 80+ (-see section 3.3.7. page 3-43) is 5.0E-3 per f
year. This is almost an order of magnitude lower than a LOOP frequency based {
purely on the failure of the grid. This value, as presented in the KAG'. is '

3.5E-2/ year. A sensitivity analysis was performed to determine the impact on the
overall core damage frequency if the LOOP frequency was increased by an order of }
magnitude. The value for the event. LOOP. was increased from 5.0E-3/ year to
5.0E-2/ year in the CAFTA database. The Total Core Damage Cutset File was then [
requantified. The total core damage frequency increased from 1.66E-6 to 1.96E-6. i

1

an 18% increase in the total core damage frequency. This indicates that the ~:

System 80+ overall core damage frequency is not highly . sensitive to the LOOP
frequency. A hand calculation indicated that the LOOP core damage frequency [

'would increase from 2.0E-8 to 3.2E-7. A core damage frequency contribution of
3.7E-7 is 11% of the new total core damage frequency.

An additional L00P sensitivity analysis was performed to evaluate the effect of
changing the base loss of Grid frequency from 0.035/ year to 0.15/ year. The

effective System 80+ LOOP frequency for this case was 2.32E-2/ year as opposed to
the base case frequency of 5.0E-3/ year. For this case, the total core damage +4 !

'

frequency increased from 1.66E-06/ year to 1.78E-06/ year, a change of only 7%. [
'

'This is not a significant increase.

!
>

10.10 OTHER SENSITIVITY ANALYSES. i

10.10.1 Vessel Rupture !

!
Vessel rupture was originally evaluated in WASH 1400. It is typically defined

'
as a rupture of the vessel or a large LOCA in excess of the ECCS capabilities.
Vessel rupture is assumed to directly lead to core damage. This event and its [
initiating frequency have essentially been accepted as is since WASH 1400 because

it'has little impact on the overall core damage frequency for existing plants. :

However, it contributes approximately 6% of the total core damage frequency.
With current materials and current manufacturing methods, it has been questioned
as to whether or not vessel rupture is a credible event for an ALWR., A :

10 - 16- ;
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!

sensitivity analysis was performed to evaluate the impact on plant core damage >

_

frequency if vessel rupture was assumed not to be credible. This was |
~ accomplished by subtracting the Vessel rupture core damage frequency contribution i

from the total plant core damage frequency. As expected, the plant core damage
- frequency decreased from 1.66E-06/ year to 1.56E-06/ year, a decrease of about 6%. :

i

;

10.10.2 Common Cause Failures j.

i

I

As discussed in section 9.4. the System 80+ plant core damage frequency is
~

dominated by common cause failures. It has been contended that with complete i

divisional separation, improved staff training. improved maintenance techniques ;
.

and proper selection of components. the potential for common mode failure can be !
essentially eliminated. A sensitivity analysis was performed to evaluate the
impact on plant core damage frequency of the assumption that all common mode .

failures except for diesels and batteries were eliminated. This analysis was
performed by setting all common mode failure rates except for those for diesel i

generators and batteries to 0.0 and requantifying the lotal Core Damage Cutset
File. The plant core damage frequency decreased by essentially an order of + ,-
magnitude, from 1.66E-06/ year to 2.15E-07/ year. This is a significant decrease. '

'
,

Combining the assumption that vessel rupture is not credible and that common mode

failure of equipment other than the diesel generators and batteries are not {
credible results in a total core damage frequency of 1.15E-7/ year. This is a |

factor of 14.4 decrease from the base core damage frequency. The combined impact !

of these two assumptions on plant core damage frequency is significant. !
:

;

:

I
.

!

;

.

i
,
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|
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Table 10-1
SUMMARY OF SYSTEM 80+ PRA SENSITIVITY ANALYSIS RESULTS :t

'' CASE DESCRIPTION MODELED AS OLD NEW' CHANGE :

CDF CDF FACTOR

8 Adverse MTC More Probable Increase probability of having 1.66E-06 2.09E-06 1.3
an adverse MTC when an ATWS1

occurs by a factor of 10
,

9 LOOP Frequency higher Increase LOOP frequency by 1.66E-06 1.96E-06 1.18 !

factor of 10
9A LOOP Frequency Higher Increase loss of Grid Frequency 1.66E-06 1.78e-06 1.07

to 0.15/ year

: 10A Vessel Rupture Not Set Vessel Rupture Rate to 0.0 1.66E-06 1.56E-06 -1.07
Credible,

~10B Common Mode Failure Not Set all Common Mode Failure 1.66E-06 2.15E-07 -7.7
Credible Ratess except for Diesels and

Batteries to 0.0 ',

10C Vessel Rupture and Common Set Vessel Rupture and all 1.66E-06 1.15E-07 -14.4 .;Mode Not Credible Common Mode Failure Rates Except -

J for Diesels and Batteries to 0.0
_

,

..

!
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Table 10-2 i
DOMINANT CUTSETS FOR SENSITIVITY CASE 1

OPERATOR ERROR RATE - General1 *

B.E. M00./CS.
MODULE / EVENT NAME DESCR! Pit 04 RATE EXPOSURE PRO 9. PROB.

1) SYS80P *9.82E-06
1) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-01< 1.80E-06

NVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143, St-540/5 5.62E-04 5.62E-04
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

2) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-01< 1.08E-06 ,

HVCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (SI-113/143, $1-540/5 5.62E-04 5.62E-04 !

SLOCA SMALL LOCA 3.00E-03 3.00E-03 j3) AVCXDIST COMMON CAUSE FAILURE OF OlSTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.05E-06 -

LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02< F

4) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.05E-06
LOFW LOSS OF FEE 0 WATER 4.1E-01 4.10E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<,

5) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-01< 4.41E-07
HVMXD-SET 3 COMMON CAUSE FAILURE OF $1 LINE M 0 ISO VALVES (51-616/51-646) TO 1.3BE-04 1.38E-04
SGTR STEAM GENERATOR TUSE RUPTURE 4.5E-03 4.50E-03

6) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E 02 6.40E 01< 2.67E 07
FHFFSIAS OPERATOR FAILS 70 GENERATE SAFETY INJECTION ACTUATION SIGNAL 4.6E-03 4.60E-02<

i FSSXStAS COMMON CAUSE FAILURE OF SAFETY INJECTION ACTUATION SIGNALS 3.02E-03 3.02E-03 i
SLOCA SMALL LOCA 3.00E-03 3.00E-03

7) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-01< 2.65E-07 !

HVMKD-SET 3 COMMON CAUSE FAILURE OF $! LINE M-0 ISO VALVES (St-616/SI-646) TO 1.38E-04 1.38E-04
<SLOCA SMALL LOCA 3.00E-03 3.00E-03 *

8) AHFFASCSGTR OPERATOR FA!LS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7 10E-01< 1.85E-07
HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.80E-05 5.80E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

.

9) ATWS ANTICIPATED TRANSIENT WITHOUT SCRAM 4.75E 06 4. 75 E - 06 1.41E-07 !
,

UHFFBORONRCS OPERATOR FAILS TO INIT! ATE BORON CELIVERY TO RCS VIA CHARGING PUMP 3'.25E-02 3.25E-01< 1

VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02< ;

10) FHFFEFWS OPERATOR FAILS TO ACTUATE EFWS COMPONENTS 4.6E-03 4.60E-02< 1.25E-07 [
FSERAPS NO EFAS ACTUAT!CN SIGNAL FROM ALTERNATE PROTECTION SYSTEM 2.60E-02 2.6CE-02 f
FSEX-EFAS COMMON CAUSE FAILURE OF EMERGENCY FEEDWATER ACTUATION SIGNAL 2.79E-03 2.79E-03 !
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E 01 j
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02< !

11) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY C00LCOVN FOR SGTR 7.10E-02 7.10E-01< 1.12E-07 |HPSXD-SET 2- COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO START 3.49E-05 3.49E-05 !

SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03 +

12) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-01< 1.11E-07 .

HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.80E-05 5.80E-05 k

SLOCA SMALL LOCA 3.00E-03 3.00E-03
13) HHFFNOTLEG OPERATOR FAILS TO INITIATE HOT LEG INJECTION 1.38E-04 1.38E-03< 1.09E-07

MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05 I

14) HYMXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 150 VALVES 8.00E-04 8.00E-04 1.00E-07
LLOCA LARGE LOCA 6.97E-05 6.97E 05
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

*

10 - 20'

.

.h

,it

. , . , . ,,.r,,, . --.- , . , ,,.,._m ~ . - - , y - ,. . ,r,,._ . ,,m ,..,e.,,, , , . , . . ~ . . . . . . . , . . , . , , _ ,_, m.,., , _ , , - s.,___. ,. <-. _ . .. .,



Table 10 2 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 1

OPERATOR ERROR RATE - General
B.E. M00./CS.

s MODULE / EVENT NAME DESCRIPTION EAlE EXPOSURE PROB. PROS.

15) VR VESSEL RUPTURE 1.00E-07 1.00E 07 1.00E-07
16) HHFFHOTLEG OPERATOR FAILS TO INITIATE HOT LEG INJECTION 1.38E-04 1.38E 03< 9.62E-08

LLOCA LARGE LOCA 6.97E-05 6.97E 05
17) HHFFNOTLEG OPERATOR FAILS TO INITIATE HOT LEG INJECT!DN 1.38E-04 1.38E-03< 9.62E-08

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E 05-
18) JVCXD SET 2 COMMON CAUSC FAILURE OF 2 SI CHECK VALVES (SI-143,$1 543,$1-123,SI 1.44E 04 1.44E-04 9.35E 08

TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
AHFDCST CPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.10E 03<

19) ANFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E 01< 8.95E-08
HVCXD-SETS COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI 404/5, 51-434, St 2.80E-05 2.80E-05
SGTR STEAM GENERATOR TUBE RUPTURE. 4.5E-03 4.50E-03

20) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-01< 8.95E-08
HVCXD* SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECK VALVES (SI-217/SI-247) TO 2.80E-05 2.80E 05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-63 4.50E-03

21) HVCXD* SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (51-113/143, S1-540/5 5.62E-04 5.62E-04 8.35E-08
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 3.30E-02<
SGTR STEAM CENERATOR TUSE RUPTURE 4.5E-03 4.50E 03

22) AMFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E 01< 6.70E-08
HPSXD-SET 2 COMMON CAUSE FAILURE OF-ALL 4 St PUMPS TO START 3.49E-05 3.49E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

23) JHFDSCSLTC. OPERATOR FAILS TO ALIGN SHUTOOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E-03< 6.53E-08
-TOTH TRANSIENTS 0THER 5.9E 01 5.90E-01

YHFFFEE0 BLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
AHFDCST OPERATOR FAILS TO AltGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-03<

24) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES ($1-143,S1-543.51-123,S1 1.44E-04 1.44E-04 6.49E-OS
LCFW LOSS OF FEE 0 WATER 4.1E 01 4.10E-01
AHFDCST CPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E 03<

25) HVMXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO VALVES 8.00E 04 8.00E-04 6.31E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

25) HYMXD-SEf2 COMMON CAUSE FAILURE OF HOT LEG M 0 ISO VALVES 8.COE-04 8.00E-04 5.58E-08
MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E -05

27) HYCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (St-113/143, St 540/5 5.62E 04 5.62E-04 5.56E-08
JHFORHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E 03 3.30E 02<
SLOCA SMALL LOCA 3.00E-03 3.00E-03

28) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 5.53E-08
LOFW ' LOSS OF FEE 0 WATER 4.1E 01 4.10E 01
VVMXSLDV COMMON CAUSE FAILURE OF BLEED YALVES 4.80E-03 4.80E-03

29) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E 05 2.81E-05 5.53E-08
LOFW LOSS OF FEEDVATER 4.1E-01 4.10E 01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E 03 4.80E 03'

30) AMFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-01< 5.38E 08
HVCXD-SET 5 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-404/5, SI-434, SI 2.80E-05 2.8CE 05-
SLOCA SMALL LOCA 3.00E-03 3.00E-03
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Table 10-2 (cont'd)
*

DOMINANT CUTSETS FOR SENSITIVITY CASE 1
OPERATOR ERROR RATE - General

B.E. MOD./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.

31) AHFFASCSLOCA 0FERATOR FAILS TO PERFORM AGGRESSIVE SECONDART COOLDOWN FOR SMALL 6.4E-02 6.40E-01< 5.38E-08
HVCXD-SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECK VALVES (St-217/SI-247) 70 2.80E-05 2.80E-05
SLOCA -SMALL LOCA 3.00E-03 3.00E-03

32) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI 651/SI-6 8.00E-04 8.00E-04 4. 75 E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED STSTEM 9.15E-03 9.15E-02<
AhFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-03<

33) ATWS ANTICIPATED 1 ANSIENT WITHOUT SCRAM 4. 75 E-06 4. 75E -06 4. 75E -08
SE-MTC ADVERSE MTC (> -0.3) 0.01 1.00E-02

34) JHFDSCSLTC OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E-03< 4.54E-08
LOFW LOSS OF FEEDWATER 4.1E C1 4.10E-01
VHFFFEEDBLEED DPERATOR FAILS TO INITIATE FEED & BLEED STSTEM 9.15E-03 9.iSE-02<
ANFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.10E 03<

35) HVCXD SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143, SI-540/5 5.62E-04 5.62E 04 4.43E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

36) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.08E-07 1.08E-07 4.43E-08
LOFW LOSS OF TEEDWATER 4.1E-01 4.10E 01

37) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-01< 4.31E-08
HBDXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMP BREAKERS TO CLOSE 1.35E-05 1.35E 05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.5CE-03

38) HVCXD-SET 3 COMMON CAUSE FAtLURE OF 3 OR MORE St LINE CHECK VALVES TO OPEN 6.10E 04 6.10E-04 4.25E-08
LLOCA LARGE LOCA 6.97E-05 6.97E-05

39) HVCXD-SET 6 COMMON CAUSE FAILURE OF $1 LINE CHECK VALVES (St-113/143, 51-540/5 5.62E-04 5.62E-04 3.92E 08 s

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05
40) JVMXSt-651/654 ' COMMON CAUSE FAILURE OF ALL 4 $UCTION VALVES FROM RCS (SI 651/St-6 8.00E-04 8.00E-04 3.30E-08

LOFW LOSS OF FEEDWATER 4.iE 01 4.10E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED STSTEM 9.15E 03 9.15E-02<
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1'.10E 04 1.10E-03<

41) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (St-143,SI 543,St-123.Si 1.44E 04 1.44E-04 3.30E 08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
AVNAEF-215 MANUAL VALVE EF 215 FAlts TO OPEN 3.88E 04 1 3.88E-04

42) SGTR STEAM CENERATOR TUBE RUPTURE 4.5E-03 4.50E-03 3.23E-08
VHFFFEE0 BLEED OPERATOR FAILS TO INITIATE FEED & BLEED STSTEM 9.15E-03 9.15E 02<
AVMAEF-102 MOV EF 102 FAILS TO OPEN 4.00E-03 1 4.00E-03
AVSDEF 104 DC MOTOR VALVE EF 104 TRANSFERS CLOSED 1.68E-06 18 1.09E-02
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.8CE-01 1.80E+00<

43) LHVAC - LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.080-02 2.96E-08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.iSE-02<
JVMASI 310 SCS MX1 FLOW CONTROL VALVE St-310 FAILS TO OPEN 4.00E-03 1 4.00E 03
AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW rTORAGE TANKS 1.10E-04 1.10E 03<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED YALVE 1.80E-01 1.30E+00<
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Table 10-2 (cont'd) *

DOMINANT CUTSETS FOR SENSITIVITY CASE 1
OPERATOR ERROR RATE - General

B.E. M00./CS.
MODULE /EVENi NAME DESCRIPTION RATE EXPOSUPE PROB. PR09.

44) LHVAC LOSS OF CNE DIVISION OF HVAC 4.08E-02 4.08E-02 2.96E-08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED STSTEM 9.15E-03 9.15E-02<
JVMASI-601 SCS TRAIN 1 DISCHARGE ISO VALVE St-601 FAILS TO OPEN 4.00E-03 1 4.00E-03
AMFDCST CPERATOR FAILS TO ALIGN CST TO EFW STORACE TANKS 1.10E-04 1.10E-03<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

45) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 2.96E-08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMASI-655 SCS SUCTION M-0 ISO VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E 03
ANFOCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-03<
RCVRMOV FAILURE TO MANUALLY CPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

46) LHVAC LCSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 2.96E 08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO CPEN 4.00E-03 1 4.00E 03
ANFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-03<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERA *ED VALVE 1.8CE-01 1.80E+00<

47) ANFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY C00LDOWN FOR SMALL 6.4E-02 6.40E 01< 2.59E-08
HBDXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMP BREAKERS TO CLOSE 1.35E-05 1.35E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

48) JHFDSC$tTC CPERATOR FAILS TO ALIGN SRUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.1CE 04 1.10E 03< 2.30E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<

| AVNAEF-215 MANUAL VALVE EF 215 FAILS TO CPEN 3.88E-04 1 3.88E-04
49) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (S1-143,51-543,51-123,S1 1.44E-04 1.44E 04 2.29E-08

LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
AVNAE F-215 MANUAL VALVE EF-215 FAILS To OPEN 3.88E-04 1 3.88E-04

50) JVMxCC 111/211 COMMON CAUSE FAILURE OF SCS/CCW VALVES CC-111/CC-211 TO OPEN 2.00E-04 2.00E-04 2.14E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
VHFFFEEDBLEED CPERATOR FAILS TO INITIATE FEED & 9 TEED SYSTEM 9.15E-03 9.15E 02<

l AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.1CE 04 1.1CE-03<
l RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

51) JVMxD-SET 1 COMMON CAUSE FAILURE OF SCS MX FLOW CONTROL VALVES 70 (SI-310/SI-3 2.00E 04 2.00E 04 2.14E-08
TOTH TRANSlENTS-0THER 5.9E 01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E 02<
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.1CE 04 1.10E 03<
RCVRMOV FAILURE TO MANUALLY CPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

52) JVMxD-SET 2 COMMON CAUSE FAILURE OF SCS DISCHARGE ISO VALVES 10 (SI-601/SI-600 2.00E-04 2.00E-04 2.14E 08
TOTH ' TRANSIENTS-0THER 5.9E 01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS 70 INITIATE FEED & BLEED SYSTEM 9.15E-03 9.iSE-02<
ANFDCST OPERATOR FAILS TO AllGM CST TO EFW STORAGE TANKS 1.10E-04 1.10E-03<
RCVRMOV FAILURE TO MANUALLY CPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

53) JVMxS1-655/656 COMMON CAUSE FAILURE OF SI-655/SI-656 MOVs TO OPEN 2.00E-04 2.00E 04 2.14E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01 .

VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E 02< ,

AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.10E-03<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E 01 1.80E+00<
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Table 10-2 (cont'd)
00M!NANT CUTSETS FOR SENSITIVITY CASE 1

OPERATOR ERROR RATE - General
B.E. M00./CS.

c MODULE / EVENT NAME DESCR!PTION RATE EXPOSURE PROB. P?OS.

54) FHFFSIAS OPERATOR FAILS TO GENERATE SAFETY INJECTION ACTUATION SIGNAL 4.6E-03 4.60E-02< 2.06E 08
| FSSXSIAS COMMON CAUSE FAILURE OF SAFETY INJECTION ACTUAtl0N SIGNALS 3.02E 03 3.02E-03

JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR !NJECTION OPER 3.30E 03 !.30E-02<
- SGTR STEAM CENERATOR TUBE RUPTURE 4.5E-03 4.50E-03>.

55) HvMXD SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES ($1-616/S1*646) TO 1.38E-04 1.38E-04 2.05E-08 i

JHFERNRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 3.30E-02<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

56) DVRBMSSVS MAIN STEAM SAFETY VALVES (MSSVs) FAIL to RESEAT 5.60E-02 5.60E 02 1.86E 08
PHFFS! PUMP OPERATOR FAILS TO THROTTLE SAFETY INJECTION PUMP IN TIME 2.00E 04 2.00E-03<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
UHFDRFIRWSTSGTR OPERATOR FAILS TO ALIGN CYCS TO FILL IRWST FOLLOWING SGTR 3.7E 03 3.70E 02<

57) JVCXD SET 2 COMMON CAUSE FAILURE OF 2 SI CHECK VALVES (S1-143,51 543,S1-123,51 1.44E-04 1.44E 04 1.70E-08
TOTH TRANSIENTS 0THER 5.9E-01 5.90E-01
AVCAEF-214 CHECK VALVE EF-214 FAILS TO CPEN 2.00E-04 1 2.00E-04

58) JVMXSI 651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-04 1.68E-08
TOTH TRANSIENTS-0THER 5.9E 01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E 04 1 3.88E-04

59) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.64E-08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMASI-653 SCS SUCTION M 0 ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E 03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-03<

60) LNVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E 02 1.64E 08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMASt-651 SCS SUCTION M 0 ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03
AHFDCST OPERATOR FAILS TO AllGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E 03<

61) JHFDSCSLTC OPERATOR FAILS TO AllGN SHUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E-03< 1.60E-08
LOTW . LOSS OF FEEDWATER' 4.1E*01 4.10E-01
VHFFFEE0 BLEED OPERATOR FAILS 70 INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04

62) HvMxD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-04 1.37E-08
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 3.30E 02<
SLOCA SMALL LOCA 3.00E-03 3.00E-03 1

63) HVMXD-SET) COMMON CAUSE FAILURE OF 3 OR MORE St M 0 VALVES TO OPEN 1.89E 04 1.89E 04 1.32E*03
LLOCA LARGE LOCA 6.97E 05 6.97E-05

64) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E 05 2.81E-05 1.29E-08
LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E-03
YHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<

55) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.29E-08
LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E-03-
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<

66) DNFFRECLOSEADV OPERATOR FAILS TO RECLOSE ADYs ON THE RUPTURED SG-2 3.75E 03 3.75E 02< 1.2SE-08
PHFFSIPUMP OPERATOR FAILS to THROTTLE SAFETY INJECTION PUMP.lN TIME 2.00E 04 2.00E-03<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
UHFORFIRWSTSGTR OPERATOR FAILS TO ALIGN CVCS TO FILL IRWST FOLLOWING SGTR 3. 7E - 03 3.70E-02<
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Table 10-2 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 1

OPERATOR ERROR RATE - General
B.E. MOD./CS.

s' MODULE / EVENT NAME DESCRIPTION RAT { EXPOSURE PROB. PROB.

67) JHFDSCSLTC OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E-03< 1.19E-08
TOTH TRANSIENTS 0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED CPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
AVCAEF-214 CHECK VALVE EF-214 FA!LS TO OPEN 2.00E-04 1 2.00E-04

68) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 SI CHECK VALVES (S1-143,51-543,51-123,S1 1.44E-04 1.44E-04 1.18E-08
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
AVCAEF 214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04

69) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/$1-6 8.00E-04 8.00E 04 1.16E-08
LOFW LOSS OF FEEDUATER 4.1E-01 4.10E-01
VHFFFEE08 TEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.8SE-04 1 3.B8E-04

70) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.16E-08
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<

71) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.16E-08
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<

72) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E-04 1.14E 08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

73) FHFFSIAS OPERATOR FAILS TO GENERATE SAFETY INJECTION ACTUATION SIGNAL 4.6E-03 4.60E-02< 1.10E-08
FSSX$IAS COMMON CAUSE FAILURE OF SAFETY INJECTION ACTUATION SIGNALS 3.02E 03 3.02E 03
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E 05

74) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.09E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E 02<
MVMASF-002 MOV SF-002 FAILS TO OPEN 4.00E 03 1 4.00E 03
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

75) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.09E-08
70fH TRANSIENTS 0THER 5.9E-01 5.90E-01
VNFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
MVMASF-005 MOV SF-005 FAILS TO OPEN 4.00E-03 1 4.0CE-03
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E 01 1.80E400<

76) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.09E 08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.15E-02<
MVMASF 005 MOV SF 005 FA!LS TO OPEN 4.00E-03 1 4.00E-03
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.SOE-01 1.80E+00<

77) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.09E 08
TOTH TRANSIENTS-0THER 5.9E 01 5.90E-01 '

VHFFFEEDBLEED OPERATOR FAILS TO INIT* ATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
MVMASF-002 MOV SF 002 FAILS TO OPEN 4.00E-03 1 4.00E 03
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

78) HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (SI-616/S!-646) TO 1.38E-04 1.38E-04 1.09E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

,

10 - 25

4

%
4

. ,. - _ . . , . . - . . . _ . . - ~ - .~ . , _ _ _ , . . . . . . . _ , - , ,. ,._. .~~-,. -,__..,____ __. . . - _ . _ . . ~ _ . . -_ _ , , _ ,-



__ _ - - _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ . _ _. .- . .

_

Table 10-2 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 1

OPERATOR ERROR RATE General
B.E. MOD./CS.

MODULE / EVENT NAME DESCRIPTION R&ll EXPOSURE PROB. PROB.
s

79) LSSB LARGE SECONDARY SIDE BREAK 1.50E-03 1.50E-03 1.0SE-08
VHFFFEEDBLEED OPERATOR FA!!$ TO INITIATE FEED & BLEED SY$ TEM 9.15E-03 9.15E-02<
AVMAEF-102 - MOV EF-102 FAILS TO OPEN 4.00E 03 1 4.00E 03
AVSDEF-104 DC MOTOR VALVE EF 104 TRANSFERS CLOSED 1.68E-06 18 1.09E-02
RCVRMOV- FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

80) APAXDEFWP102 104 COMMON CAUSE DEMAND FAILURE OF EFW MOTOR PUMPS 2.37E -04 2.37E 04 1.06E-08
APTXDP101-103 COMMON CAUSE DEMAND FAILURE OF EFW TURBINE PUMPS 1.19E 03 1.19E 03
LOFW LOSS OF FEEDWATER 4.1E 01 4.10E-01
VHFFFEED8LEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<

81) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.04E 08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMASI-310 SCS MX1 FLOW CONTROL VALVE SI-310 FAILS TO OPEN 4.00E 03 1 4.00E 03
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E 04
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E 01 1.80E+00<

82) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.04E-08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.15E-02<
JVMASI-601 SCS TRAIN 1 DISCHARGE ISO VALVE SI 601 FAILS TO OPEN 4.00E-03 1 4.00E 03
AVNAEF-215 MANUAL VALVE EF 215 FAILS TO OPEN 3.88E 04 1 3.88E-04
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

d 83) LHVAC LOSS OF ONE DIV!SION OF NVAC 4.08E 02 4.08E-02 1.04E-08
VHFFFEEDBLEED OPERATOR FAILS 70 INtilATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMAS!*655 SCS SUCTION M-0 ISO VALVE St-655 FAILS TO OPEN 4.00E-03 1 4.00E 03
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E+00<

84) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.04E-08
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-02<
JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN 4.00E-03 1 4.00E-03
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04
RCVRMOV FAILURE TO MANUALLY CPEN MOTOR OPERATED VALVE 1'.80E-01 1.80E+00<

85) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEC CNECK VALVES 1.44E 04 1.44E 04 1.00E-08
MLOCA1 MEDIUM LOCA i 6.97E-05 6.97E-05

86) HVCXD SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E-04 1.00E-08
LLOCA LARGE LOCA 6.97E-05 6.97E 05
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TABLE 10-3
*

DOMINANT CUTSETS FOR SENSITIVITY CASE 2
OPERATOR ERROR RATE - Control Room Response

B.E. M00./CS.
- MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.
................. ........... .... ........ .... ........

1) SYS80P *1.80E-04
1) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 51 CHECK VALVES (SI-143,SI-543,SI-123,SI 1.44E-04 1.44E-04 8.50E-05

TOTH TRANSIENTS 0THER 5.9E 01 5.90E-01
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<

2) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK YALVES (S!-143,SI-543,St-123,SI 1.44E-04 1.44E-04 5.90E-05
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E 01
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.00E+00<

3) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS ($1-651/SI-6 8.0CE-04 8.00E 04 4.32E-06
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO !NITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AHFDCST OPERATOR FAILS TO AllGN CST TO EFW STORAGE TANKS 1.10E 04 1.00E+00<

4) JVMXSt 651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-04 3.00E 06
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E 01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.15E-03
ANFDCST OPERATOR FAILS TO AllGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<

5) HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143. 51-540/5 5.62E-04 5.62E-04 2.53E-06
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

6) JVMXSI-CI1/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (St-651/St-6 8.00E-04 8.00E-04 2.27E-06
TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
VVMXBL1V COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E 03,

AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
7) HVCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (SI-113/143, St-540/5 5.62E-04 5.62E-04 1.69E-06

JHFDRHRt OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SLOCA SMALL LOCA 3.00E-03 3.00E-03

8) JVMXSI-65 /654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI 651/St 6 8.00E-04 8.00E-04 1.57E-06
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VVMXBLOV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<

9) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E 02 4.08E-02 1.49E-06
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
JVMAst-651 SCS SUCit0N M-0 150 VALVE SI 651 FAILS TO OPEN 4.00E-03 1 4.00E 03
AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.00E+00<

10) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E 02 4.08E-02 1.49E-06
-VHFFFEE0 BLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.15E-03
JVMASt-310 SCS HX1 FLOW CONTROL VALVE St-310 FAILS TO OPEN 4.00E 03 1 4.00E 03
AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<

11) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.49E-06
VHFFFEEDBLEED DPERATOR FAILS TO INITIAft FEED & BLEED SYSTEM 9.15E-03 9.15E-03
JVMASI 601 SCS TRAIN 1 DISCHARGE ISO VALVE St-601 FAILS TO OPEN 4.00E-03 1 4.00E-03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.8CE-01 1.00E+00<
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TABLE 10-3 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 2*

OPERATOR ERROR RATE - Control Room Response
B.E. M00./CS.

MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROS. PROB.,

................ ........... .... ........ ..... ........

12) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.49E-06
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
JVMASI-655 SCS SUCTION M-0 ISO VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E 03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<

13) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.49E-06
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN 4.00E-L' 1 4.00E-03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<

14) LHVAC LOSS OF ONE DIVISION OF HVAC 4 08E-02 4.08E-02 1.49E-06
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.'5E 03 9.15E-03
JVMASI-653 SCS SUCTION M-0 ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03
AAFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS .10C-04 1.00E+00<

15) J'.MXCC-111/211 COMMON CAUSE FAILURE OF SCS/CCW VALVES CC 111/CC-211 TO OPEN 2.00E-04 2.00E-04 1.08E-06
TCTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED CPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AktDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS . 10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.t?E-01 1.00E+00<

16) JVMX)-SET 1 COMMON CAUSE FAILURE OF SCS MX FLOW CONTROL VALVES TO (SI-310/SI 3 2.00E 0' O.0GE-04 1.08E-06
TOTH TRANSIENTS-0THER 5.9E 01 5.90E 01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03

r AMFDCST OPERATOR FAILS TO ALIGN CST 70 EFW STORAGE TANKS 1.10E-04 1.00E+00<
'

RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<
17) JVMXD-SET 2 COMMON CAUSE FAILURE OF SCS DISCHARGE ISO VALVES 70 (SI-601/SI-600 2.00E-04 2.00E-04 1.08E-06

TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AHFOCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<

18) JVMXSI-655/656 COMMON CAUSE FAILURE OF SI-655/SI-656 MOVs TO OPEN 2.00E-04 2.00E-04 1.08E-06
TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
VHFFFEEDBLEED OPERATOR FAILS 70 INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<

19) AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.00E+00< 9.00E-07
PHFFSIPUMP OPERATOR FAILS TO THROTTLE SAFETY INJECTION PUMP IN TIME 2.00E 04 2.00E 04
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E 03

20) HVMXD SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E 04 1.3SE-04 6.21E 07
JHFDRHR1 OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR IN.iECTION OPER 3.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

21) JHFDSCSLTC OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E 04 5.9?E-07
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS 70 INITIATE FEED & BLEED SYSTEM ' 9.15E-03 9.15E-03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E 04 1.00E+00<
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TABLE 10-3 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 2

OPERATOR ERROR RATE - Control Room Response
B.E. MOD./CS.

MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.
, ................ ........... .... ........ ..... ........

k

22) HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (St-616/SI-646) TO 1.38E-04 1.38E-04 4.14E-07
JHFDRHRt OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SLOCA SMALL LOCA 3.00E-03 3.00E-03

23) JHFDSCSLTC OPERATOR FAILS TO AllGN SHUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E-04 4.13E-07
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E 01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
ANFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<

24) HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143, $1-540/5 5.62E-04 5.62E-04 2.65E-07
JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-04
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORACE TANKS 1.10E-04 1.00E+00<

25) HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.80E-05 5.80E 05 2.61E 07
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

26) JVCXD-SET) COMMON CAUSE FAILURE OF SCS DISCHARGE CHECK VALVES (SI 178/SI-163) 3.60E-05 3.60E-05 1.94E-07
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANES 1.10E-04 1.00E+00<

27) JVCXD-SET 3 COMMON CAUSE FAILURE OF 2 DV! CHECK VALVES (SI-247/SI-227) TO OPEN 3.60E-05 3.60E-05 1.94E-07
TOTM TRANSIENTS 0THER 5.9E 01 5.90E-01
VHFFFEECBLEED OPERATOR FAILS TO INIT! ATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AMFDCST OPERATOR FAILS TO ALIGN CST TO EFW SiORAGE TANKS 1.10E-04 1.00E+00<

28) HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES ($1-113/143, SI-540/5 5.62E-04 5.62E-04 1.84E-07i

l JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCT10N VALVES FROM RCS (S1-651/S1-6 8.00E-04 8.00E-04
( LOFW ~ LOSS OF FEEDWATER 4.1E-01 4.10E-01

AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.00E+00<,
'

29) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLCCWN FOR SGTR 7.10E-02 7.10E-02 1.80E-07
HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143, SI-540/5 5'.62E-04 5.62E-04
SGTR STEAM CENERATOR TUBE RUPTURE 4.5E 03 4.50E 03

30) HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.8CE-05 5.80E-05 1.74E-07
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E 03 1.00E+00<
SLOCA SMALL LOCA 3.00E-03 3.00E-03

31) HPSXD-SET 2 COMMON CAUSE FAILURE CF ALL 4 St PUMPS TO START 3.49E-05 3.49E-05 1.57E-07
JHFDRNRI OPERATOR FAILS TO ALIGN SKUTDOWN C00 LING SYSTEM FOR INJECTION OPER -3.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

32) DVRBMSSVS MAIN STEAM SAFETY VALVES (MSSVs) FAIL TO RESEAT 5.60E-02 5.60E-02 1.42E-07
HVCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (SI-113/143, 51-540/5 5.62E-04 5.62E-04
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
UHFDRFIRWSTSGTR OPERATOR FAILS TO ALIGN CVCS TO FILL IRWST FOLLOWING SGTR 3.7E 03 1.00E*00<

33) HVCXD-SETS COMMON CAUSE FAILURE OF St LINE CHECK VALVES (S1-404/5, St-434, SI 2.80E-05 2.80E-05 1.26E-07
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E 03 4.50E-03

34) HVCXD-SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECK VALVES (St-217/SI-247) TO 2.80E-05 2.80E-05 1.26E-07
JHFDRHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
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TABLE 10-3 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 2

OPERATOR ERROR RATE - Control Room Response
B.E. MOD./CS.

MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROG. PROB.s
................ ........... .... ........ ..... ........

35) AMFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E 02 1.08E-07
HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143, $1-540/5 5.62E-04 5.62E 04
SLOCA SMALL LOCA 3.00E-03 3.00E 13

36) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CFECK VALVES 2.81E-05 2.81E-L" 1.05E-07
LOFW LOSS OF FEEDVATER 4.1E-01 4.10E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E 03

37) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP OISCHARGE CHECK VALVES 2.81E 05 2.81E 05 1.05E-07
LOFW LOSS OF FEEDWATER 4.1E-01 (.s0E 01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 3 15E 03

38) HPSXD-SET 2 COMMON CAUSE FAILORE OF ALL 4 St PUMPS TO START 3.49E-05 3.49E-05 1.05E-07
JHFORHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SLOCA SMALL LOCA 3.00E-03 3.00E-03

39) VR VESSEL RUPTURE 1.00E 07 1.00E 07 1.00E-07
40) HVCXD-SET 5 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (S1-404/5, 51-434, SI 2.80E-05 2.80E-05 8.40E 08

JHFORNRI OPERATOR FAILS TO AllGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SLOCA SMALL LOCA 3.00E-03 3.00E 03

41) HVCXD-SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECK VALVES (SI-217/SI-247) TO 2.80E-05 2.60E-2; A 4EE-08
JHFORHRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION CPER 3.30E-C' * 00E+00<.

SLOCA SMALL LOCA 3.00E-0- .00E 03
42) HVMXD SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (St-616/SI-646) TO 1.38E-06 1.38E-04 6.51E-08

JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 S.00E-04
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AMFDCST CPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKC 1.10E-04 1.00E+00<

43) HVMXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M 0 ISO VALVES 8.00E 04 8.00E-04 6.31E-08
MLOCA2 MEDIUM LOCA 2 7.89E 05 7.89E-05

44) FHFFSIAS OPERATOR FAILS TO GENERATE SAFETY INJECTION ACTUATION SIGNAL 4.6E-03 4.6CE-03 6.25E-08
FSSXSIAS COMMON CAUSE FAILURE OF SAFETY INJECTION ACTUATION SIGNALS 3.02E-03 3.02E-03
JHFDRHRI OPERATOR FAILS TO ALIGN SHUT 00WN COOLING STSTEN FOR INJECTION DPER 3'.30E-03 1.00E+00<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

45) NBDXD SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMP BREAKERS TO CLOSE 1.35E 05 1.35E 05 6.07E-08
JHFDRFRI OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E 03 1.00E+00<

| SGTR STEAM CENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
'

| 46) HVMXD-SEi COMMON CAUSE FAILURE OF HOT LEG M 0 ISO VALVES 8.00E 04 8.00E 04 5.58E-08
MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E 05,

47) HVMXD SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO VALVES 8.00E-04 8.00E-04 5.58E-08'

l LLOCA LARGE LOCA 6.97E-05 6.97E-05
RCVRMOV FAILURE TO "ANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.00E+00<

i '>8) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CNECK VALVES 2.81E-05 2.81E-05 5.53E-08
| LOFW LOSS OF FEEDWATER

,

4.80E-03 4.80E 03
4.1E-01 4.10E-01

l VVMXSLDV COMMCN CAUSE FAILURE OF BLEED VALVES
| 49) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 5.53E-08

LOFW LOSS OF FEEDWATER 4.1E*01 4.10E-01
VVNXB. COMMON CAUSE FAILURE OF BLEET VALVES 4.80E-03 4.80E-03
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TABLE 13-3 (cont'd)
DOMINANT CUTSETS FOR SENSITIV!TT CASE 2

OPERATOR ERROR RATE - Control Room Response
8.E. M00./CS.

' MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.
................ ........... .... ........ ..... ........

50) DVRSMSSVS MAIN STEAM SAFETY VALVES (MSSVs) Fall TO RESEAT 5.60E-02 5.60E-02 5.04E-08
PHFFS! PUMP OPERATOR FAILS TO THROTTLE SAFETT INJECTION PUMP IN i!ME 2.00E-04 2.00E-04
SGTR STEAM CENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
UHFORFIRWSTSGTR OPERATOR FAILS TO ALIGN CVCS TO FILL !RWST FOLLOWING SGTR 3.7E-03 1.00E+00<

51) ATWS ANTICIPATED TRANSIENT WITHOUT SCRAM 4. 75E- 06 4.75E-06 4.75E-08'

SE-MTC ADVERSE MTC (> *0.3) 0.01 1.00E 02
'32) HVCXO SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (SI-113/143, $1-540/5 5.62E 04 5.62E 04 4.43E-08

MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05
53) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.0P5 07 .38E-07 4.43E 08

LOFW LOSS OF FEEDWATER 4.1?-01 4.lCE-01
54) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGG5ESS!VE SECONDARY C00LDOWN FOR SGTR 7.10E-02 7.10E-02 4.41E 08

HVMXD-SET 3 COMMON CAUSE FAILURE OF $1 LINE M 0 ISO VALVES (S!-616/St-646) TO 1.38E-04 1.38E-04
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

55) HVCXD-SET 3 COMMON CAUSE FAILURE OF 3 OR MORE St LINE CHECK VALVES TO OPEN 6.10E-04 6.10E-04 4.25E-08
LLOCA LARGF LOCA 6.97E-05 6.97E -05

56) H8DXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMP BREAKERS TO CLOSE 1.35E-05 1.35E-05 4.05E-08
JHFORHRt OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 1.00E+00<
SLOCA SMALL LOCA 3.00E-03 3.00E-03 ,

57) HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (St-113/143, $1 540/5 5.62E-04 5.62E-04 3.92E-08
MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05

58) DVRBMSSVS MAIN STEAM SAFETY VALVES (MSSVs) FAtt TO RESEAT 5.60E-02 5.60E-02 3.48E-08
HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 150 VALVES (St-616/St-646) TO 1.38E 04 1.38E-04
SGTR STEAM CENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
UHFDRFIRWSTSGTR OPERATOR FAILS TO AllGN CVCS TO FILL IRWST FOLLOWING SGTR 3.7E-03 1.00E+00<

59) JVCXD SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (SI-143,SI-543,St-123,St 1.44E-04 1.44E-04 3.30E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.8SE 04 1 3.88E-04

60) AMFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDART COOLDOWN FOR SMALL 6.4E-02 6.40E-02 2.65E 08
HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES ($1-616/SI-646) TO 1.38E 04 1.38E 04
SLOCA SMALL LOCA 3.00E-03 3.00E-03

61) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 51 CHECK VALVES ($t-143,51-543,51-123,51 1.44E-04 1.44E-04 2.29E-08
LOFW LOSS OF FEE 0 WATER 4.1E-01 4.10E-01
AVNAEF-215 MANUAL VALVE EF 215 FAILS TO OPEN 3.B8E-04 1 3.88E-04

62) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY C00LDOWN FOR SGTR 7.10E 02 7.10E 02 1.85E-08
NPSXR SET 2 COMMON CAUSE FAILURE OF ALL 4 $1 PUMPS TO RUN 5.80E-05 5.80E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

63) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 SI CHECK VALVES (St-143,St-543,SI-123,51 1.44E-04 1.44E-04 1. 70E-08
TOTH . TRANSIENTS-0THER 5.9E-01 5.90E-01
AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.00L 04 - 1 2.00E-04

64) DVRBMSSYS MA!N STEAM SAFETY VALVES (MSSVs) FAIL TO RESEAT 5.60E-02 5.60E-02 1.46E-08
NPSXR* SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS 70 RUN 5.80E-05 5.80E-05

"
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03
UHFDRFIRWSTSGTR OPERATOR FAILS TO ALIGN CVCS TO FILL IRWST FOLLOWING SGTR 3.7E*03 1.00E+00<

65) HVMKD-SET 1 COMMON CAUSE FAILURE Or 3 OR MORE St M-0 VALVES TO OPEN 1.89E 04 1.89E-04 1.32E-08
LLOCA LARGE LOCA 6.97E-05 6.97E-05
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TABLE 10-3 (cont'd)
'

DOMINANT CUTSETS FOR SENSITIV!TY CASE 2
OPERATOR ERROR RATE - Control Room Response

B.E. M00./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROS. PROB.
................ ........... .... ........ ..... ... ....

66) JVCKD-SET 2 COMMON CAUSE FAlltid 0F 2 51 CHECK VALVES (St-143,St-543,SI-123,SI 1.44E-04 1.44E-04 1.18E-08
LOFW LOSS OF FEEDWAT 2 4.1E-01 4.10E-01
AVCAEi-214 CHECK VALVE E' 214 FAILS TO OPEN 2.00E-04 1 2.00E-04

67) HVCXD-SET 4 COMMON CAUSF FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E 04 1.14E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

68) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-02 1.12E-08
HPSXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 S1 PUMPS TO START 3.49E-05 3.49E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

69) AMFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-02 1. 9 '. e- 08
HPSXR SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.80E-05 5.80E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

70) HHFFHOTLEG OPERATOR FAILS TO INIT! ATE HOT LEG INJECTION 1.38E-04 1.38E-04 1.0?E-08
MLOCA2 - MEDIUM LOCA 2 7.89E-05 7.89E 05

71) HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E 04 1.38E 04 1.09E-08
MLOCA2 MEDIUM LOCA 2 7.89E 05 7.89E-05

72) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E 04 1.44E-04 1.00E-08
MLOCA1 MEDIUM LOCA 1 6.97E 05 6.97E-05

73) HVCXD SET 4 COMMON CAUSE FAILURE OF HOT LEG CNECK VALVES 1.44E-04 1.44E-04 1.00E-08
tt0CA LARGE LOCA 6.97E-05 6.97E-05

!
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TABLE 10-4
*

DOMINANT CUTSETS FOR SENSITIVITY CASE 3
MOTOR-CPERATED VALVE FAILURE RATE

8.E. H00./CS.
''"999b![!I!![33Qj g{{gg{{{{gy 33{{ {{{g}y3{ {}gB; {ggg;,,,.

1) SYS80P *5.72E-06
1) AVCXDIST' COMMON CAUSE FAILURE OF O!STRIBUTION LINE CHECK VALVES 2.81E-05 2.81E 05 5.53E-07

LOFW LCSS OF FEEDWATER 4.1E-01 4.10E 01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<

2) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 5.53E-07
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E 01
VVMXBLOV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<

3) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-02 4.41E-07
HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (SI-616/St-646) TO 1.38E-94 1.38E-03<
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E 03

4) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-02 2.65E-07
HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M 0 ISO VALVES (S!-616/S!-646) TO 1.38E-04 1.38E 03<
SLOCA SMALL LOCA 3.00E-03 3.00E-03

5) ANFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 7.10E-02 1.80E-07
HVCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (SI-113/143, 51-540/5 5.62E 04 5.62E-04
SGTR STEAM CENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

6) MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E 05 1.26E 07
HYMASt-331 HOT LEG 2 M-0 ISO VALVE SI-331 FAILS To coEN 4.00E-03 1 4.00E-02<
HVMAS!-604 HOT LEG 1 M 0 ISO VALVE St-604 FAILS TO OPEN 4.00E-03 1 4.00E-02<

7) MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05 1.26E-07
HVMAS!-609 HOT LEG 2 M 0 ISO VALVE SI-609 FAILS TO OPEN 4.00E-03 1 4.00E*02<
HVMASt-321 MOT LEG 1 M-0 VALVE St-321 FAILS TO OPEN 4.00E-03 1 4.00E-02<

8) MLOCA2 MEDIUM LOCA 2 7.89E 05 7.89E-05 1.26E-07
| MVMASI-609 HOT LEG 2 M-0 ISO VALVE S1-609 FAILS TO OPEN 4.00E-03 1 4.00E-02<

HVMASI-604 HOT LEG 1 M-0 ISO VALVE SI-604 FAILS TO OPEN 4.00E-03 1 4.00E-02<
9) MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E 05 1.26E-07

HVMASI-331 HOT LEG 2 M-O ISO VALVE S1-331 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASI-321 HOT LEG 1 M 0 VALVE St-321 FAILS TO CPEN 4.00E-03 1- 4.00E-02<

10) LLOCA LARGE LOCA 6.97E -05 6.97E-05 1.12E 07
HVMAst-331 HOT LEG 2 M 0 ISO VALVE St-331 FAILS TO OPEN 4.00E 03 1 4.00E 02<
HVMASI-321 MOT LEG 1 M-0 VALVE SI-321 FAILS TO OPEN 4.00E-03 1 4.00E 02<

11) LLOCA LARGE LOCA 6.97E-05 6.97E-05 1.12E-07
HVMAS! 331 MOT LEG 2 M 0 ISO VALVE $1-331 FAILS TO OPEN 4.00E-03 1 4.00E 02<
HVMASI-604 HOT LEG 1 M C ISO VALVE SI-604 FAILS TO OPEN 4.00E 03 1 4.00E-02<

12) LLOCA LARGE LOCA 6.97E-05 6.97E-05 1.12E-07
HVMAst-609 HOT LEG 2 M-0 ISO VALVE St-609 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASI-321 HOT LEG 1 M-0 VALVE $1-321 FAILS To OPEN 4.00E-03 1 4.00E-02<

13) LLOCA LARGE LOCA 6.97E-05 6.97E-05 1.12E-07
HVMASI-609 HOT LEG 2 M-0 ISO VALVE SI-609 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASI-604 HOT LEG 1 M-0 ISO VALVE St 604 FAILS TO OPEN 4.COE-03 1 4.00E-02<

14) MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05 1.12E-07
HVMASI 609 HOT LEG 2 M 0 ISO VALVE SI 609 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASI 321 HOT LEG 1 M-0 VALVE SI-321 FAILS TO OPEN 4.00E-03 1 4.00E-02<

~10 - 33
.

%

~

4



!

TABLE 10-4 (cont'd)
. DOMINANT CUTSETS FOR SENSITIVITY CASE 3
( MOTOR-OPERATED VALVE FAILURE RATE

B.E. M00./CS.
s' MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.

................. ........... .... ........ ..... ........

15) MLOCA1 MEDIUM LOCA i 6.97E-05 6.97E-05 1.12E-07
HVMASI-331 HOT LEG 2 M O 150 VALVE SI-331 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASI-604 HOT LEG 1 M-0 ISO VALVE SI-604 FAILS TO OPEN 4.00E-03 1 4.00E-02<

16) MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05 1.12E-07
HVMASI-609 HOT LEG 2 M-0 ISO VALVE S1-609 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASI-604 HOT LEG 1 M-0 ISO VALVE St-604 FAILS TO OPEN 4.00E-03 1 4.00E-02<

17) MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05 1.12E-07
HVMASI-331 HOT LEG 2 M-0 ISO VALVE SI-331 FAILS TO OPEN 4.00E-03 1 4.00E-02<
HVMASt 321 HOT LEG 1 M-0 VALVE St 321 FAILS To OPEN 4.00E-03 1 4.00E-02<

18) HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES ($1-616/S!-646) TO 1.38E-04 1.38E-03< 1.09E-07
MLOCA2 MEDIUM LOCA 2 7.89E 05 7.89E-05

19) AHFFASCSLOCA CPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY C00t00WN FOR SMALL 6.4E-02 6.40E-02 1.08E-07
HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES ($1-113/143, SI-540/5 5.62E-04 5.62E 04
SLOCA SMALL LOCA 3.00E-03 3.00E-03

20) AVCKDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.05E 07
LOTW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03

21) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.05E-07
LOFW LOSS OF FEEDWATER 4.1E-01 4.1CE-01
VHFFFEEDBLEED GPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03

22) VR VESSEL RUPTURE 1.00E 07 1.00E 07 1.00E-07
23) HVMXD-SET 3 COMMON CAUSE FAtLURE OF SI LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-03< 9.62E-08

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05
24) JVMXSI 651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM 'C5 (SI-651/SI-6 8.00E-04 8.00E-03< 8.79E-08

TOTH TRANSIENTS-OTHER 5.9E-01 5.90E 01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E 03 4.80E-02<
AVNAE F-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04

25) HVMXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO FALVES 8.00E-04 8.00E 04 6.31E 08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

26) JVMXSt-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION vat VES FROM RCS (St-651/SI-6 8.00E-04 8.00E-03< 6.11E-08
LOFW LOSS OF FEEDWATER 4.1E 01 4.10E 01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
AVNAEF 215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 -1 3.88E-04

27) HVMKD-$ET2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO VALVES 8.00E-04 8.00E-04 5.58E-08
MLOCA1 MEDIUM LOCA 1 6.97E- 05 6.97E-05

28) ATWS ANTICIPATED TRANSIENT WITHOUT SCRAM 4.75E-06 4. 75 E- 06 4. 75 E -08
SE-MTC ADVERSE MTC (> -0.3) 0.01 1.00E-02

29) APTXDP101-103 COMMON CAUSE DEMAND FAILURE OF EFW TURBINE PUMPS 1.19E 03 1.19E-03 4.68E-08
AVMXEF102-103 COMMON CAUSE FAILURE OF EFW DIST. AC VALVES EF-102 & EF-103 2.00E-04 2.00E-03<
LOFW LOSS OF FEE 0 WATER

~

4.1E-01 4.10E-01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.8CE 03 4.80E 02<

30) JVMXSt-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-03< 4.53E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E 01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04
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TABLE 10-4 (cont'd)
00MINANT CUTSETS FOR SENSITIVITT CASE 3

MOTOR-OPERATED VALVE FAILURE RATE
B.E. M00./CS.

MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.s

.. .............. ........... .... ........ ..... ........

31) HYCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CMECK VALVES (SI-113/143, 51-540/5 5.62E-04 5.62E 04 4.43E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

32) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.08E-07 1.08E-07 4.43E-08
LOFW LOS$ OF FEE 0 WATER 4.1E-01 4.10E-01

33) HVCXD-SET 3 COMMON CAUSE FAILURE OF.3 OR MORE $1 LINE CHECK VALVES TO OPEN 6.10E-04 6.10E 04 4.25E-03<

LLOCA LARGE LOCA 6.97E-05 6.97E-05
34) HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-113/143, SI-540/5 5.62E-04 5.62E-04 3.92E-08

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05
35) JVCXD+ SET 2 COMMON CAUSE FAILURE OF 2 SI CMECK VALVES (SI-143,St-543,SI-123,St 1.44E 04 1.44E-04 3.30E-08

TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04

36) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-03< 3.15E-08
LOFW LOSS OF FEE 0 VATER 4.1E-01 4.10E-01
VVMXBLOV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
AVCAEF-214 CHECK YALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04

37) LHVAC LOSS OF CNE DIVISION OF HVAC 4.08E-02 4.08E 02 3.04E-08
VVMX8LDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
JVMASI-651 SCS SUCTION M-0 ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E 02<
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04

38) LHVAC LOSS OF ONE DIVI 5!0N OF MVAC 4.08E 02 4.08E-02 3.04E-08
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
JVMASI-653 SCS SUCTION M-0 ISO VALVE St-653 FAILS TO CPEN 4.00E-03 1 4.00E-02<
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04

39) JVMXSt-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTICN VALVES FROM RCS (St 651/SI-6 8.00E-04 8.00E 03< 2.49E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E C3 4.80E-02<
AMFDCST OPERATOR FAILS To ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-04

40) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (St-143,SI-543,St-123,SI 1.44E-04 1.44E-04 2.29E-08
LOFW LOSS OF FEE 0 WATER 4.1E*01 4.10E 01
AVNAEF-215 MANUAL VALVE EF 215 FAILS TO CPEN 3.88E-04 1 3.88E-04

41) SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E 03 2.13E C8
VVMXBLOV COMMON CAUSE FAILURE OF BLEED VALVES 4.8CE-03 4.80E-02<
AVMDEF 106 MOV EF-106 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-03 <
AVSDEF 104 DC MOTOR VALVE EF-104 TRANSFERS CLOSED 1.68E-06 18 1.09E-02

42) HVMXD SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-03< 2.05E-CB
JHFDRNRt. OPERATOR FAILS TO ALIGN SHUTDOWN COOLING STSTEM FOR INJECTION OPER 3.3CE-03 3.30E 03
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E 03

43) HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E 03< 1.93E-08
LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E 03
SE-PSV FAILURE OF PRIMARY SAFTET VALVE TO RESEAT 2.8E 03 2.80E-03

44) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDART COOLDOWN FOR SGTR 7.10E-02 7.1CE-02 1.85E 08
HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 51 PUMPS TO RUN 5.80E 05 5.80E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

i
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TABLE 10-4 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 3

MOTOR-OPERATED VALVE FAILURE RATE
B.E. M00./CS. '

MODULE / EVENT NAME DESCRIPfl0N RATE EXPOSURE PROB. PROB.
................. ........... .... ...... . ..... ........

45) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (S!-651/SI-6 8.00E-04 8.00E-03< 1.73E-08
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
AMFDCST OPERATOR FAILS TO AllGN1 CST TO EFW STORAGE TANKS 1.10E-04 1.10E-04

46) JVCXD SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (S!-143,SI-543.St-123,SI 1.44E-04 1.44E-04 1.70E-08
TOTH TRANS!ENTS-0THER 5.9E-01 5.90E-01
AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.0CE-04 1 2.00E-04

47) SGTR STEAM GENERATOR TudE RUPTURE 4.5E-03 4.50E-03 1.69E-08
VVMXBLDV COMMON CAUSE FAILUCE OF BLEED VALVES 4.80E-03 4.80E-02<
AVMAEF-102 MOV EF-102 FAILS TC'OPEN 4.00E-03 1 4.00E 02<
AVSDEF-104 DC MOTOR VALVE EF-104 TRANSFERS CLOSED 1.68E-06 18 1.09E 02
RCVRMOV FAILURE TO MANUALLY CPEN MOTOR OPERATED VALVE 1.80E-01 1.80E-01

48) JVNXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-03< 1.68E-08
TOTH TRANS:ENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.8BE-04

49) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.59E-08
HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (SI 616/SI-646) TO 1.38E 04 1.38E-03<
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

50) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E 05 1.59E-08
HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES fSt-616/SI 646) TO 1.38E-04 1.38E-03<
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

51) LHVAC. LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.57E 08.

VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
JVMASI-653 SCS SUCTION M-0 ISO VALVE S1-653 FAILS TO CPEN 4.00E-03 1 4.00E-02<
AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04

52) LHVAC LOSS OF ONE DIVISION OF HVAC 4.08E-02 4.08E-02 1.57E-08
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-02<
JVMASI-651 SCS SUCTION M-0 ISO VALVE St-651 FAILS TO CPEN 4.00E-03 1 4.00E-02<
AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04

53) HvMXD-SET 3 COMMON CAUSE FAILURE OF $1 LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-03< 1.37E-08
JHFDRHRt OPERATOR FAILS TO ALICN SHUTDOWN COOLING SYSTEM FOR INJECTION OPER 3.30E-03 3.30E-03

| SLOCA SMALL LOCA 3.00E-03 3.00E-03
| 54) HVMXD-SET) COMMON CAUSE FAILURE OF 3 OR MORE St M-0 VALVES TO CPEN 1.89E-04 1.89E-04 1.32E-08
i LLOCA LARGE LOCA 6.97E 05 6.97E-05

55) DVMKD-ADVSG1 COMMON CAUSE FAILURE OF 2 ADVs ON STEAM GENERATOR 1 TO OPEN 2.00E-04 2.00E-03< 1.24E-08
MVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 150 VALVES (SI-616/SI-646) TO 1.38E 04 1.38E-03<,

! a SGTR STEAM GENERATOR TUBE PUPTURE 4.5E-03 4.50E-03
56) DVMXD-ADVSG2 COMMON CAUSE FAILURE OF 2 ADVs ON STEAM GENERATOR 2 TO OPEN 2.00E-04 2.00E-03< 1.24E-08

HVMKD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (St-616/SI-646) TO 1.38E-D4 1.38E-03< s

; SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.5CE-G3
i . 57) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 $1 CHECK VALVES (SI-143.SI-543,St-123,St 1.44E*04 1.44E-04 1.18E-08

LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01'

AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04
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TABLE 10-4 (cont'd)
'

DOMINANT CUTSETS FOR SENSITIVITY CASE 3
MOTOR-OPERATED VALVE FAILURE RATE

.

B.E. M00./CS.
M00ULE/ EVENT NAME DESCRIPTION ' RATE EXPOSURE PROB. PROB.
................. .......... ,,,, ,,,,,,,, ,,,,, ,,,,,,,,

58) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VI.LVES FROM RCS (S!-651/SI-6 8.00E-04 8.00E 03< 1.16E-08
LOFW . LOSS OF FEEDWATER 4.1E-01 4.10E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.15E 03
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.S8E-04

59) KVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEC CHECK VAL \TS 1.44E-04 1.44E-04 1.14E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

60) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY C00LDOWN FOR SGTR 7.10E-02 7.10E-02 1.12E 08
HPSXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO START 3.49E-05 3.49E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

61) AMFFASCSLOCA CPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 6.40E-02 1.11E-08
HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.80E-05 5.80E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

62) HHFFHOTLEG OPERATOR FAILS TO INITIATE HOT LEG INJECT 10N 1.38E-04 1.38E-04 1.09E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

63) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E-04 1.00E-08
LLOCA LARGE LOCA 6.97E-05 6.97E-05

64) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E 04 1.00E 08,

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05
65) HVMXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO VALVES 8.00E-04 8.00E-04 1.00E-08

,

LLOCA LARGE LOCA. 6.97E-05 6.97E-05 t
RCVRMOV FAILURE TO MANUALLY CPEN MOTOR OPERATED VALVE 1.80E 01 1.80E-01

3
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TABLE 10-5
DOMINANT CUTSETS FOR SENSITIVITY CASE 4

AGGRESSIVE SECONDARY COOLDOWN NOT FEASIBLE
B.E. M00./CS.

v MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.
................. ........... .... ........ ..... ........

1) SYS80P +7.7CE-06
1) ANFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 1.00E+00< 2.53E-06

HVCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (S1 113/143, SI-540/5 5.62E-04 5.62E-04
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

2) AMFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 1.00E+00< 1.69E-06
HVCXD-SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES ($1-113/143, 51-540/5 5.62E-04 5.62E 04
SLOCA SMALL LOCA 3.00E-03 3.00E 03

3) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 1.00E+00< 6.21E-07
HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 150 VALVES (SI-616/SI-646) TO 1.38E*04 1.38E-04
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

4) ANFFASCSLOCA CPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 1.00E+00< 4.14E-07
HVMXD-SET 3 COMMON CAUSE FA! LURE OF SI LINE M-0 ISO VALVES (SI-616/St-646) TO 1.38E-04 1.38E-04
SLOCA SMALL LOCA 3.00E-03 3.00E-03

5) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 1.00E+00< 2.61E-07
HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 $1 PUMPS TO RUN 5.80E-05 5.80E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

6) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E 02 1.00E+00< 1.74E-07
HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.80E-05 5.80E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

7) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E 02 1.00E+00< 1.5?E 07
HPSXD* SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO START 3.49E 05 3.49E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

8) AMFFASCSGTR OPERATOR FAILS TO PERFORM AGGRES$1VE SECONDARY COOLDOWN FOR SGTR 7.10E-02 1.00E+00< 1.26E-07
HVCXD-SETS COMMON CAUSE FAILURE OF $1 LINE CHECK VALVES (St-404/5, SI-434, St 2.80E-05 2.80E 05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E 03 4.50E-03

9) AHFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 1.00E+00< 1.26E-07
HVCXD-SET 7 COMMON CAUSE FAILURE OF ALL 4 DV! CHECK VALVES (St-217/SI-247) TO 2.80E-05 2.80E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

10) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.05E-07
LOFW LOSS OF TEEDWATER 4.1E-01 4.10E 01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E 03 9.15E-03

11) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCMfRP.E CHECK VALVES 2.81E-05 2.81E-05 1.05E-07
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

.

VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & GLEED SYSTEM 9.15E-03 9.15E-03
12) ANFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRES$tVE SECONDARY C00LDOWN FOR SMALL 6.4E-02 1.00E+00< 1.05E-07

HPSXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO START 3.49E-05 3.49E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

13) VR VESSEL RUPTURE 1.00E-07 1.00E-07 1.00E-07
14) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY C00LOOWN FOR SMALL 6.4E 02 1.00E+00< 8.40E-08

HVCXD-SETS COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (S!-404/5, $1-434, St 2.80E-05 2.80E-05
SLOCA SMALL LOCA 3.00E 03 3.00E-03

15) AMFFASCSLOCA CPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR $ MALL 6.4E-02 1.00E+00< 8.40E-08
HVCXD-SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECX VALVES (SI-217/St-247) TO 2.80E-05 2.80E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03
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TABLE 10-5 (cont'd)

DOMINANT CUTSETS FOR SENSITId!TY CASE 4
AGGRESSIVE SECONDARY COOLDOWN NOT FEASIBLE

B.E. M00./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.
................. ........... .... ........ ..... ........

16) HkHXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO VALVES 8.00E-04 8.00E-04 6.31E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

17) ANFFASCSGTR OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SGTR 7.10E-02 1.00E*00< 6.07E-08
HSDXD SET 2 COMMON CAUSE FAILURE OF ALL 4 $1 PUMP BREAKERS TO CLOSE 1 35E-05 1.35E-05
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

18) HVMED-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 ISO VALVES 8.00E-04 8.00E-04 5.58E-08
MLOCA1 MEDIUM LOCA 1 6.97E -05 6.97E-05

19) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 5.53E-08
LOFW LOSS OF tEEDWATER 4.1E-01 4.10E-01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-03

20) AVCXEFWP COMMON CAUSE FA! LURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 5.53E-08 i
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-03

21) ATWS ANTICIPATED TRANSIENT WITHOUT SCRAM 4.75E 06 4. 75 E- 06 4. 75 E-08
SE-MTC ADVERSE MTC (> -0.3) 0.01 1.0CE-02

22) HVCXD SET 6 COMMON CAUSE FA! LURE OF St LINE CHECK VALVES ($1-113/143, SI-540/5 5.62E-04 5.62E-04 4.43E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

23) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.08E 07 1.08E-07 4.43E-08
LCFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

'
24) HVCXD-SET 3 COMMON CAUSE FAILURE OF 3 OR MORE St LINE CNECK VALVES TO OPEN 6.10E-04 6.1CE-04 4.25E 08,

LLOCA LARGE LOCA 6.97E-05 6.97E 05
25) AHFFASCSLOCA OPERATOR FAILS TO PERFORM AGGRESSIVE SECONDARY COOLDOWN FOR SMALL 6.4E-02 1.00E+00< 4.17E 08

FHFFStAS OPERATOR FAILS TO GENERATE SAFETY INJECTION ACTUATION SIGNAL 4.6E 03 4.60E-03
FS$XSIAS COMMON CAUSE FAILURE OF SAFETY INJECTION ACTUATICN SIGNALS 3.02E-03 3.02E-03
SLOCA SMALL LOCA 3.00E-03 3.00E-03

26) AHFFASCSLOCA OPERATOR FA!LS TO PERFORM AGGRESSIVE SECONOARY C00LDOWN FOR SMALL 6.4E-02- 1.00E+00< 4.05E-C8
MBDXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 $1 PUMP BREAKERS TO CLOSE 1.35E-05 1.35E-05
SLOCA SMALL LOCA 3.00E-03 3.00E-03

27) HVCXD SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (S1-113/143, St-540/5 5.62E-04 5.62E-04 3.92E-08
MLOCA1 MEDIUM LOCA 1 6.97E 05 6.97E-05

28) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (SI-143,51-543,SI-123,SI 1.44E-04 1.44E-04 3.30E-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E-04

29) JVCXD-SET 2 COMA 0N CAUSE FA! LURE OF 2 St CHECK VALVES ($1 143,S1-543,S1-123,51 1.44E-04 1.44E-04 2.29E-08
i LOFW LOSS OF FEEDWATER 4.1E 01 4.10E-01
| AVNAEF-215 MANUAL VALVE EF-215 FAILS TO OPEN 3.88E-04 1 3.88E 04

30) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2.St CHECK VALVES (S!-143,SI-543,SI-123,St 1.44E-04 1.44E-04 1.7CE-08
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AVCAEF 214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E-04 1 2.00E-04

31) HVMXD-SET 1 COMMON CAUSE FAILURE OF 3 04 MORE St M-0 VALVES TO OPEN 1.89E-04 1.89E-04 1.32E-08
LLOCA LARGE LOCA 6.97E-05 6.97E-05

32) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 $1 CHECK VALVES (S!*143,SI-543,$1-123,St 1.44E-04 1.44E-04 1.18E-08
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
AVCAEF-214 CHECK VALVE EF-214 FAILS TO OPEN 2.00E 04 1 2.00E-04

10 - 39 '

t
|-

'
,

b

t>

.- _ , ,. - - - -- - - - - . . - - - - . - - - - - - -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _

TABLE 10-5 (cont'd)
'

00MINANT CUTSETS FOR SENSITIVITY CASE 4
AGGRESSIVE SECONDART COOLDOWN NOT FEAS!BLE+

B.E. M00./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.
................. ........... .... ........ ..... ........

33) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E-04 1.14E-OS
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E 05

34) HHFFHOTLEG OPERATOR FAILS TO !NITIATE HC1 LEG INJECTION 1.3BE-04 1.38E-04 1.09E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

35) HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.3BE-04 1.09E-08
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

36) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E-04 1.00E-08
LLOCA LARGE LOCA 6.97E-05 6.97E-05

37) HVCXD-SET 4 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES 1.44E-04 1.44E-04 1.00E-08
MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05

38) HVMXD-SET 2 COMMON CAUSE FAILURE OF HOT LEG M-0 150 VALVES 8.00E-04 8.00E-04 1.00E 08
LLOCA LARGE LOCA 6.97E-05 6.97E-05
RCVRMOV FAILURE TO MANUALLY OPEN MOTOR OPERATED VALVE 1.80E-01 1.80E-01

39) HMFFHOTLEG OPERATOR FAILS TO INITIATE NOT LEG INJECTION 1.38E-04 1.38E 04 9.62E-09
LLOCA LARGE LOCA 6.97E 05 6.97E-05

40) HHFFHOTLEG OPERATOR FAILS TO INITIATE NOT LEG INJECTION 1.38E 04 1.38E-04 9.62E-09
MLOCA1 NE01UM LOCA 1 6.97E-05 6.97E -05

41) HVMXD-SET 3 COMMON CAUSE FAILURE OF $1 LINE M-0 !$0 VALVES (SI-616/SI-646) 70 1.38E-04 1.38E 04 9.62E-09
MLOCA1 MEDIUM LOCA 1 6.97E 05 6.97E-05

42) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (SI-143,SI-543,SI-123,5! 1.44E-04 1.44E-04 9.35E-09
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
AhFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORACE TANKS 1.10E-04 1.10E-04

! 43) HYCXD* SET 6 COMMON CAUSE FAILURE OF St LINE CHECK VALVES ($1-113/143, St-540/5 5.62E-04 5.62E-04 7.87E-09
LOOP LOSS OF OFFSITE POWER !.00E-03 5.00E-03r

! SE-PSV FAILURE OF PRIMARY SAFTEY VALVE TO RESEAT 0.8E-03 2.80E-03
| 44) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 1.81E-05 2.81E-05 6.64E-09
' LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E 02 2.40E-02
VVMARC-407 MOV RC'407 FAILS TO OPEN 2.40E-02 2.40E-02

45) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 6.64E 09
LOFW LOSS OF FEE 0 WATER 4.1E-01 4.10E-01

,

| 'VVMARC-408 MOV RC 408 FAILS TO OPEN 2.40E-02 2.40E-02
VVMARC-409 MOV RC 409 FAILS TO OPEN 2.40E-02 2.40E-02

46) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 6. 64 E-09
LOFW LOSS OF FEE 0 WATER 4.1E-01 4.10E-01
VVMARC-406 MOV RC-406 FAILS TO CPEN 2.40E-02 2.40E-02

i VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02
'

47) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 6.64E-09
| LOFW LOSS OF FEEDVATER 4.1E-01 4.10E-01

VVMARC-408 MOV RC-408 FAILS TO OPEN. 2.40E 02 2.40E-02l

| VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02
48) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.31E-05 6.64E-09'

| LOFW LOSS OF FEE 0 WATER 4.1E-01 4.10E-01
VVMARC 408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02
VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02

{
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TABLE 10 5 (cont d)8

DOMINANT CUTSETS FOR SENSITIVITY CASE 4
AGGRESSIVE SECONDARY COOLDOWN NOT FEASIBLE

B.E. M00./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROS. PROB.
................. ........... .... ........ ..... ........

49) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUNP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 6.64E-09
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VVMARC-406 MCV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02
VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02

50) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 6. 64E- 09
LCFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02
VVMARC 407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02

51) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUNP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 6.64E 09
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02
VVMARC-409 MOV RC-409 FAILS TO CPEN 2.40k-02 2.40E-02

52) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 St CHECK VALVES (S1-143,51-543,S1-123,51 1.44E-04 1.44E-04 6.49E-09
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01
AHFDCST OPERATOR FAILS TO ALIGN CST TO EFW STORAGE TANKS 1.10E-04 1.10E-04

53) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 6.47E-09
HVCXD-SET 6 COMMON CAUSE FAILURE OF SI LINE CHECK VALVES (SI-113/143, S1-540/5 5.62E-04 5.62E-04
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

54) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 6.47E-09
HVCXD* SET 6 COMFiON CAUSE FAILURE OF St LINE CHECK VALVES (51-113/143, 51-540/5 5.62E-04 5.62E-04
LOTW LOSS OF FEECWATER 4.1E-01 4.10E-01

55) HPSXR-SET 1 COMMON CAUSE FAILURE OF 3 CR MORE S1 PUMPS TO RUN 7.31E-05 7.31E-05 5.10E-09
LLOCA LARGE LOCA 6.97E-05 6.97E-05

56) HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO RUN 5.8CE-05 5.80E-05 4.58E-09
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

57) HPSXD-SET 1 COMMON CAUSE FAILURE OF 3 OR MORE St PUMPS TO START 6.46E-05 6.46E-05 4.50E-09
LLOCA LARGE LOCA 6.97E-05 6.97E-05

58) HPSXR-SET 2 COMMON CAUSE FAILURE OF ALL 4 $1 PUMPS TO RUN 5.80E-05 5,80E-05 4.04E-09
MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05

59) EDOXDDGA B COMMON CAUSE DEMAND FAILURE OF DCs 2.80E-04 2.80E-04 3.43E-09
LOOP LOSS OF 0FFSITE POWER 5.00E-03 5.00E-03
RCVRPWR10 FAILURE TO RECOVER OFFSITE POWER IN 10 HOURS 4.90E-02 4.90E-02
RCVR$BAC FAILURE TO START AND LCAD STANOBY AC POWER 5'00E-02 5.00E-02.

60) ESXXSEQ ' COMMON CAUSE FAILURE OF DG LOAD SEQUENCERS 2.25E-D4 2.2SE-04 2.76E-09
LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E-03
RCVRPWR10 FAILURE TO RECOVER OFFSITE POWER IN 10 HOURS 4.90E-02 4.90E-02
RCVRSBAC FAILURE TO START AND LCAD STANDBY AC POWER 5.00E-02 5.00E-02

61) HPSXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS 70 START 3.49E-05 3.49E-05 2.75E 09
MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05

62) HPSXD-SET 2 COMMON CAUSE FAILURE OF ALL 4 St PUMPS TO START 3.49E-05 3.49E-05 2.43E-09
MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05

,
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TABLE 10-5 (cont'd)
DOMINANT CUTSETS FOR SENSITIVITY CASE 4

AGGRES31VE SECONDARY COOLDOWN NOT FEASIBLE*

B.E. M00./CS.
s - MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.

................. ........... .... ........ ..... ........

63) EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02 2.40E-09
EDDJDuB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E 02
LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E-03

| RCV;PVR10 FAILURE TO RECOVER OFFSITE POWER IN 10 HOURS 4.90E-02 4.90E-02
i RLVRSBAC FAILURE TO START AND LOAD STANDBf AC POWER 5.00E-02 5.00E-02

64) HVCXD-SET 1 COMMON CAUSE FAILURE OF 3 OR MORE SI CHECK VALVES TO OPEN 3.42E-05 3.42E-05 2.3EE-09
LLCCA LARGE LOCA 6.97E-05 6.97E-05

65) HVCXD-SET 2 COMMON CAUSE FAILURE OF 3 OR MORE St PUMP OISCHARGE LEG CHECK VALV 3.42E-05 3.42E-05 2.38E-09
LLOCA LARGE LOCA 6.97E - 05 6.97E -05

66) LLOCA LARGE LOCA 6.97E-05 6.97E-05 2.32E 09
; LVCXD* SET 1 COMMON CAUSE FAILURE OF 3 OR MORE SIT DISCHARGE CHECK VALVES TO OP 3.42E-05 3.42E-05
l 67) HVCXD-SET 5 COMMON CAUSE FAILURE OF St LINE CHECK VALVES (SI-404/5, SI-434, SI 2.80E-05 2.80E-05 2.21E-09

MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05
68) HVCXD SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECK VALVES (SI-217/SI-247) TO 2.80E-05 2.80E-05 2.21E-09

MLOCA2 MEDIUM LOCA 2 7.89E-05 7.89E-05
69) HVCXD-SETS COMMON CAUSE FAILURE OF St LINE CHECK VALVES (S1-404/5, SI 434, SI 2.80E-05 2.80E-05 1.95E-09

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05
70) HVCXD SET 7 COMMON CAUSE FAILURE OF ALL 4 DVI CHECK VALVES (SI-217/SI-247) TO 2.80E-05 2.80E-05 1.95E-09

MLOCA1 MEDIUM LOCA 1 6.97E-05 6.97E-05
71) HVMXD-SET 3 COMMON CAUSE FAILURE OF SI LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-04 1.93E-09

LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E 03
SE-PSV FAILURE OF PRIMARY SAFTEY VALVE TO RESEAT 2.8E-03 2.80E-03

72) EXLXESF COMMON CAUSE FAILURE OF 480 V LC ESF TRANSFORMERS 3.78E-07 3.78E-07 1.70E-09
SGTR STEAM GENERATOR TUBE RUPTURE 4.5E-03 4.50E-03

73) EJEXDGRM COMMON CAUSE FAILURE OF DG ROOM DAMPERS 1.37E-04 1.37E-04 1.68E-09 '
LOOP LOSS OF OFFSITE POWER 5.00E-03 5.00E-03
RCVRPWR10 FAILURE TO RECOVER OFFSITE POWER IN 10 HOURS 4.90E-02 4.90E-02
RCVRSBAC FAILURE TO START AND LOAD STANDBY AC POWER 5.00E-02 5.00E-02

74) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-63?/SI-6 8.00E 04 8.00E-04 1.68E-09
TOTH TRANSIENTS-0THER 5.9E-01 5.90E-01
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03
AVNAEF-215 MAMUAL VALVE EF-215 FAILS TO OPEN 3.8CE-04 1 3.88E-04

75) AVCXDIST COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES 2.81E-05 2.81E-05 1.59E-09
HVMXD* SET 3 COMMON CAUSE FAILURE OF $1 LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-04
LOFW LOSS OF FEE 0 WATER 4.1E-01 4.10E-01

76) AVCXEFWP COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES 2.81E-05 2.81E-05 1.59E-09
HVMXD-SET 3 COMMON CAUSE FAILURE OF St LINE M-0 ISO VALVES (SI-616/SI-646) TO 1.38E-04 1.38E-04
LOFW LOSS OF FEEDWATER 4.1E-01 4.10E-01

77) ATWS ANTICIPATED TRANSIENT WITHOUT SCRAM 4. 75 E-06 4.75E-06 1.41E 09
UHFFBORONRCS OPERATOR FAILS TO INITIATE SORON DELIVERY TO RCS VIA CHARGING PUMP 3.25E-02 3.25E-02
VHFFFEEDBLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E 03
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TABLE 10-6
EVENTS WITH LOSS OF COOLING TO RCP PUMPS

FAILED
D3f1 PLANT PUMPS STAGES LEAKS STAGES DESCRIPTION_t.

4/17/74 FT CLH 4 16 2 0 ISOLATED CCW TO RCPS ON ESFAS SIGNAL
-4 RCPs RUN FOR 45 MIN WITHOUT COOLING

| 9/20/75 FT CLH 4 16 1 1 ALL 4 SEALS CHANCED AFTER LOSS OF CCW *

4/15/77 SL-1 4 16 0 0 LOSS OF CONTAINMENT INSTRU. AIR CAUSED LOSS OF CCW
12/19/78 SONG BJ T 1 4 0 0 BJ PUMP . TEST, 30 MIN. PUMP RUNNING, PUMP RUN FOR

t
2.5 HR$ WITH COOLINGi

| 6/11/80 SL 1 4 16 0 0 CCW TO RCPs LOST (8+ HRS)
6/24/80 ANO 2 4 16 1 0 PARTIAL LOSS OF AC, LEAK 1.5 - 2 GPM
8/26/80 SL2 T' 1 4 0 0 BJ PUMP TEST, 50 HRS, 5B0 TEST, NORMAL BLEED 0FF 0.6

GPM >

XX/XX/81 FT CLN 4 16 0 0 CCW LOST 1 HR IN HOT STANDBT, PUMPS RESTARTED 0.K.,

''

3/XX/83 SONG-2 4 16 0 0
11/21/83 PV-KSB T 1 3 0 0 TEST OF KSB PUMP FOR PV-1, 36 MIN., PUMP STOPPED -

11/15/84 MLS-2 1 4 0 0 CCW LOST FOR 9 HRS
11/16/84 MLS-2 1 4 1 1 CCW LOST FOR 6 HRS, 1 STAGE REPORTED FAILED, NO

I LEAKAGE
12/19/84 SL-2 2 8 2- 0 LOSS OF CCW TO 2 PUMPS FOR 30 MIN
2/20/85 WiF-3 4 16 1 0 LCSS CCW, 3 PMPS NOT RESTORED, 3 GPM FROM 1 PUMP

4.5 HR -

8/8/85 SL-2 4 16 2 0 LCSS OF CCW, 2 SEALS LOST COOLING FOR 4.5 HRS
4/4/86 PV-2 1 4 0 0 COOLING LOST FOR 3 HRS, PUMP RAN FOR 10 MIN.

,

7/1/86 PV-2 4 12 2 1 ALL COOLING LOST FOR 3 HRS, PUMPS OPERATED FOR 10 .

MIN., 3* STAGE REPORTED DISASSEMBLED
|

12/86 AECL-BG T 9 18 0 0 9 TESTS, 2 SEALS, B!NCHAM-WILLAMETTE,NO FAILURE, '

24 HR TEST
12/86 AECL-BJ T 7 14 0 0 7 TESTS, 2 SEALS, BJ, NO FAILURES
12/87 N9000 T 1 3 0 0 BJ MODEL TEST FOR STATION BLACKOUT
7/6/88 PV-1 1 3 0 0 CCW LOST TO 1 PUMP, 8 HRS
8/1/88 ANO-2 1 4 2CC'' 2 SENSING LINE BROKE, 2 FACES BROKEN, LEAK 20 GPM
3/3/89 PV-3 4 12 1 1 LOSS SEAL INJECTION, CCW TO ALL PUMPS FOR 73 MIN.,

1" STAGE REPORTED FAILE0
777 BINGM i 1 4 0 0 SONG TEST ON 4.5" SHAFT 30 MIN.4

TOTALS:
24 EVENTS 72 245 15 6 +

* T = TEST (S) .

'

** CC = COMMON CAUSE FAILURE

,
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Figure 10-1
..

Fault Tree for Core Damage Due to RCP Seal LOCA on SB0
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Figure 10-2
.' Fault Tree for Core Damage Due to RCP Seal LOCA Following Loss of CCW '
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Figure 10-3
Change in Core Damage Frequency Vs Assumed Conditional RCP Seal Failure Rate
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Figure 10-4
Percent Change in Core Damage Frequency Vs

;

Assumed Conditional RCP Seal Failure Rate
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11.I4
#3 LEVEL II AND LEVEL Ill SENSITIVITY ANALYSES

In performing the containment response analysis and the consequence analysis,
several assumptions were made regarding the progression of severe accident
phenomena. Sensitivity analyses were performed to assess the potential impact
on the System 80+ design due to certain assumptions regarding the physical
processes and phenomena involved in the release of radioactive materials to the
environment and the consequences of the release. The sensitivity analyses
associated with containment response are presented in Section 14.1 and those
associated with the release consequences are presented in Section 14.2.

| 14.1 CONTAINMENT RESPONSE SENSITIVITY ANALYSES
i

The results of the "present" or base case analysis of containment response show
that the conditional probability for intact containment releases. RC1 is 0.902.
Likewise, the conditional probabilities for (1) late containment failure

|
releases. RC2. (2) early containment failure releases. RC3. (3) containment

| isolation failure releases. RC4. and (4) containment bypass releases. RC5. are
0.076. 0.011. 0.011 and 0.0 respectively. To assess the effects of certain

i assumptions used in the base case analysis, ten containment response sensitivity
analyses were performed. These analyses assessed the impact of specified
assumptions on the containment failure modes and the overall conditional
containment failure probability. These analyses involved changing certain
conditions or assumptions that are modeled in the containment event trees (CETs)
and then re-quantifying the CETs to ascertain the impact. Table 14.1-1
summarizes the results of the sensitivity analyses for containment response. The
base case results are also included in Table 14.1-1 for comparison purposes. The
following sub-sections describe the individual sensitivity analysis and present
their results.

.

| 14.1.1 Availability of Hydrogen Ignitors

t

The hydrogen ignitors are provided to prevent the build-up of hydrogen inside the
containment following a severe accident. With the ignitors operating, hydrogen
is burned at a low enough concentration to prevent a threat to containment

14-1
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integrity. Because multiple failures of the ignitors in each division must occur
to prevent the burning of hydrogen at a low enough concentration, a low .

probability was assigned to the unavailability of the ignitors. A sensitivity. j
analysis was performed to determine the effects of the hydrogen ignitors being |
unavailable. For this case the ignitors were assumed to always fail (i.e. a j
failure probability of 1 was assigned to "IGFAIL"). The CETs were then re- .j

"

quantified for all PDSs. |
i
,

The results for this sensitivity case are presented in Table 14.1-1 as case |
number 1. The results for this case show that the conditional probabilities for |
the various release classes are unchanged, when compared to the base case. ;

containment would remain intact 90.2% of the time following a severe accident. !

This implies that the containment response analysis for the System 80+ design is |
not sensitive to the availability of the hydrogen ignitors.

,

14.1.2 Containment Characteristics More Favorable to DDT |

The System 80+ containment characteristics are considered unfavorable for a |
.

deflagration to transition into a detonation. Therefore. for the PRA a low ' |

probability value is assigned to the event (DDT0K) in the supporting logic |
modules that represents deflagration to transition into detonation. Although j
this type of event is considered to be highly cnlikely to impossible for the j
System 80+ design, a sensitivity analysis was performed to determine the q

potential impact on the various release classes. To model "DDT0K" as more likely '

than assumed, the probability of this event was changed from 0.0 or 0.01 to 0.05 -

for all PDSs except those PDSs where the release point is in the In-containment !

Refueling Water Storage Tank (IRWST) refer to Table 12.1-1. j
a

The results for this sensitivity case are similar to those for the hydrogen
ignitors and are presented in Table 14.1-1 as case number 2. The results show |
no change in the conditional probabilities for the various release classes. This |
implies that the System 80+ containment characteristics are not sensitive to [
deflagration that leads to detonation transition, based on the assumption made i

in this sensitivity analysis that the deflagration to detonation characteristics |
are much more likely (by a factor of 5) to occur. !

!
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f14.1.3 Low Heat Transfer Rate for " WET" Cavity

-!
1

If the cavity is filled with water, some of the energy from the corium will be i

transferred to the water and the rest will cause concrete ablation. A high heat
transfer rate between the corium and the water enables the corium to be cooled -{
which in turn limits the amount of concrete ablation. However, if the heat j

transfer rate is low, the containment shell may be penetrated before concrete I

fablation is terminated. To assess the effects of low heat transfer rate from the
corium to the cavity water, a sensitivity analysis was performed. For this case, j
it was assumed that the probability of the heat transfer rate is twice as low as j
the value assumed for the base case analysis of the PRA. To model this decrease j

in the heat transfer rate.'the probability that the heat transfer rate is low {
enough for the corium to penetrate the containment shell was increased from 0.01 {
to 0.02 for all PDSs associated with " WET" cavity. .

!

The sensitivity results for this case are presented in Table 14.1-1 as case
number 3. After re-quantifying the CETs for this sensitivity case, the results j
show that the conditional probability for Stact containment releases RC1, .j

'
decreased slightly from 0.902 to 0.890. Conversely, the conditional probability
for late containment failure releases RC2. increased from 0.076 to 0.088. This |
corresponds to an increase in the conditional probability for release class RC2 j

of approximately 15%. The conditional probabilities for release classes RC3. !

RC4. and RC5 are shown to remain unchanged. With such an increase in the
conditional probability for release class RC2, late containment failure of the !

System 80+ design is somewhat sensitive to the ability to transfer heat .from the ;

corium to the c.avity water.

!
I

14.1.4 Cavity Not Always Fill with Water j

As discussed in the previous sensitivity case in Section 14.1.3, a high heat f
transfer rate from the corium to the water covering the debris is beneficial. j

'This allows cooling of the corium and the eventual termination of concrete
ablation prior to the containment shell being penetrated. The base case of the ;

PRA assumes that the cavity is always full for PDSs associated with " WET" cavity. |
This sensitivity case assess the impact on the conditional probabilities for the :
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'release classes if the cavity had a 50% chance of being full. instead of always
,

being full as assumed in the base case analysis. To determine the impact, the i
"probability of "WETCAVITY" was changed from 1.0 (cavity is always full) to 0.5

and then the CETs were re-quantified.
{
:

The sensitivity results for this case are presented in Table 14.1-1 as case - '|
number 4. The results show that the conditional probability for intact j
containment releases. RC1. decreased from 0.902 to 0.450 and conversely the

,

conditional probability for late containment failure releases, RC2. increased
from 0.076 to 0.533. The conditional probabilities for the other release classes

i

(RC3. RC4. and RC5) remained unchanged. The results of this case implies that j
"the late containment failure probability would increase by a factor of

approximately 7 if there is a 50% chance that the cavity is not filled with
water. This implies that late containment failure is very sensitive to the !
amount of water discharged to the cavity by the Cavity Flooding System following'

a severe accident. >

!

14.1.5 Recovery of Containment Heat Removal Function i

The containment spray system is the preferred system used to remove heat from the -

containment during an accident. MAAP analyses have shown that it would take
approximately 48 hours to over-pressurize the containment for those accident ;

sequences which include failure of containment heat removal. Based on the time !
it takes to over-pressurized the containment and the events that cause the loss
of containment sprays, the PRA assumed that it is possible to recover the
containment sprays before the containment fails. Failures of containment spray |

.

equipment inside the containment are assumed to be non-recoverable during a
,

severe accident. The System 80+ design includes provisions for connecting an
,

'

external source of water to one containment spray header via a standpipe and
flanged connection to the containment spray line near the containment
penetration. Flow would be provided by a skid mounted pumping device which is

|
independent of station power. This backup system would be used to provide spray
flow given any failure of containment spray equipment outside the containment.

;

The assigned conditional non-recovery probability of the containment spray backup {
system is 0.1 for the base case analysis. This implies that 90% of the time the j
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containment spray backup system would perform its function when required. To

assess the effects of containment spray being less likely to be recovered, a-
~

sensitivity analysis was performed. For this sensitivity analysis, the

conditional probability of not recovering containment spray was doubled (i.e.,
the probability increased for 0.1 to 0.2) to represent the containment spray less
likely to be recovered when required.

The sensitivity results for this case are presented in Table 14.1-1 as case -
number 5. After re-quantifying the CETs for this case, the results show that the.
conditional probability for intact containment releases. RCl would decrease form
0.902 to 0.895. Conversely, the conditional proaanility 'for late containment
failure releases. RC2. would increase from 0.076 to 0.083. 'The conditional
probability for the other types of releases (RC3. RC4. and RC5) would remain
unchanged. The change in the conditional probability for release class RC2
represents a increase of approximately 9%. This implies that late containment
failure releases are somewhat sensitive to the reliability of the emergency
containment heat removal system and the recovery of containment heat removal
following a severe accident.

14.1.6 Induced Failure.of P<S Piping

High temperature steam and high pressure steam circulates through the RCS :
following a severe accident with high pressure core damage sequences. Research
has indicated that this condition may induce a temperature related creep rupture
of the RCS pressure boundary prior to vessel failure. The likely locations of
such breach include the hot leg and the pressurizer surge line. The PRA assumes-
that temperature induced failure of the RCS hot leg or surge line is likely to
occur in the System 80+ design because of the high level of zirconium per thermal
megawatt of power and the type of material (carbon steel) used to construct the
hot leg. Because of the likelihood of failure, a probability of 0.65 was
assigned to "HSINTACT" which represents temperature induced failure of the RCS
piping. To determine the potential impact of this assumption on the conditional
probabilities of the release classes, two sensitivity cases were performed. The
first case assumes that a temperature induced creep failure of the RCS piping
would always occur and is modeled by changing the value of "HSINTACT" from 0.65

14-5
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to 1.0. The second case is the opposite, and assumes that a temperature induced {
creep failure of the RCS piping would never occur. For the second case. the !
value of "HSINTACT" is changed from 0.65 to 0.0. Note that because temperature |
induced creep failure of the RCS piping involves high pressure core -damage j

sequences, the value of "HSINTACT" is changed for those PDSs with RCS leak rate !

occui ring due to cycling of the relief valves and RCS pressure being high. j

|

The sensitivity results for the temperature induced creep failure of the RCS
piping are presented in Table 14.1-1 as cases 6A and 6B, respectively. The

!results for both these cases show that conditional probabilities for all the
release classes remained unchanged and the System 80+ design is insensitive to >

temperature induced creep failure of RCS piping. f

r

14.1.7 Depressurization of RCS by SDS
,

It is advantageous to depressurize a high or medium pressure accident sequence- |

to below the 250 psig target threshold prior to vessel breach. The primary ,

purpose of this action is to reduce the potential threat of direct containment j
!heating. In addition, this action would also reduce the potential for rocket

induced failure of the containment and reduce the potential for- containment !
i

failure induced by cavity collapse resulting - from high pressure melt eject j

loadings. The Safety Depressurization System.(SDS) is modeled as the primary ;

means o'f depressurizing the RCS. In the PRA Level I analysis it was shown that .

failure of SDS is dominated by operator error. Although the onset of core damage ;
would occur if the SDS was not initiated, there was still sufficient time to

depressurize the RCS prior to vessel breach. Consequently, it was assumed that f
there is an 80% chance the operator would open the SDS valves in time to !

depressure RCS during core damage. .A value of 0.2 was therefore assigned to [
L "NOSDSDP" which represents failure of the SDS to depressurize the RCS following j

a severe accident. To asses what effects, if any, this assumption may have on . -|
the release classes, two sensitivity cases were performed. The first case j

assumed that the SDS would always depressurize the RCS for PDSs with high RCS l
pressure and a leak rate via the cycling of the relief valves. For this case. [
the value.of "NOSDSDP" was changed from 0.2 to 0.0. The second case assumed that |
the SDS would never depressurize the RCS and consequently the value of "NOSDSDP" }

;
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was changed from 0.2 to 1.0. |
|

The sensitivity results for depressurizing the RCS are presented in Table 14'.1-1
as cases 7A and 78, respectively. The results for both these cases show that. j

conditional probabilities for all the release classes remained unchanged and the ;|

System 80+ design is insensitive to RCS depressurization using the SDS.for high
pressure core damage accident sequences.

:

14.1.8 Containment Isolation !

!
i

The detailed containment penetration designs for the electrical cables, personnel |
airlocks. equipment hatch, and fuel transfer tube were not available for |
evaluation during the period when the PRA was being performed. An estimate |
probability of 2.1E-03 was therefore used for failure to isolate the [
containment. This estimate probability was based on prior PRAs and historical j
data. To assess the impact of containment isolation reliability on the various ';
release classes for the System 80+ design. .a sensitivity analysis that assumed j

a less reliable containment isolation system was performed. For this case, the |
containment isolation system was assumed to be less reliable than the base case i

by a factor of 5. The more unreliable containment isolation system was reflected j
in the model by changing the value of "lSOL" from 2.1E-03 to 1.0E-02. :

The sensitivity results for this case are presented in Table 14.1-1 as. case i

number 8. The results show that the conditional probability for intact releases, j
RC1. decreased from 0.902 to 0.893 which is approximately 1%. cor the late !

containment failure releases, RC2. the conditional probability increased from :
0.076 to 0.078. This increase is approximately 3%. Release classes RC3 and RC5
remained unchanged. Of all the release classes, containment isolation failure |

releases. RC4 was affected the most. The conditional probability for this
1

release class changed from 0.011 to 0.017 or an increase of approximately 55%.
This implies that the containment isolation failure ' releases are extremely - i

sensitive to the reliability of the containment isolation system for the System t

80+ design. !
6

+

.
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TABLE 14.1 1

SUMMARY OF CONTAINMENT RESPONSE SENSITIVITY ANALYSIS
RESULTS FOR SYSTEM 80+

CASE DESCRIPTION MODELED AS CONDITIONAL PROBABILITY OF RELEASE
No. CLASS

RC1 RC2 RC3 RC4 RC5

BASE AS DESCRIBED IN THE FRA AS MODELED IN TIIE PRA 0.902 0.076 0.011 0.011 0.0

1 11: IGNITORS UNAVAILABLE CHANGE PROBABILITY OF *IGFAIL' FROM 0.902 0.076 0.011 0.011 0.0
CURRENT VALUE TO 1.0 OF ALL PDSs.

2 CONTAINMENT CHARACTERISTICS FAVOR INCREASE TIIE PROBABILITY OF *DDTOK* FROM 0.902 0.076 0.011 0 011 0.0
DEFLAGRATION TO DETONATION 0.0 OR 0.01 TO 0.05 FOR ALL PDSs.
TRANSITION

3 LOW HEAT TRANSFER FROM CORIUM TO INCREASE THE PROBABILITY OF *LOWHTXFER* 0.890 0.088 0.011 0.011 0.0
CAVITY WATER FROM 0.01 TO 0.02 FOR ALL PDSs ASSOCIATED

WTI11 " WET * CAVITY.

4 INSUFFICIENTIIEAT TRANSFER FROM CIIANGETIIE PROBABILITY OF *WETCAVITY' O.445 0.53R 0.006 0.011 0.0
CORIUM TO CAVTTY WATER FROM 1.0 TO 0.5 FOR ALL PDSs ASSOCIATED %T111

* WET * CAVITY.

$ CONTAINMENT llEAT REMOVAL LESS INCREASE 111E PROBABILITY OF *NCHRECOV" 0.895 0.083 0.011 0.011 0.0
LIKELY TO BE RECOVERED FROM 0.1 TO 0.2.

6A INDUCED FAILURE OF RCS PIPING CliANGE T11E PROBABILITY OF *IISINTACT* FROM 0.902 0.076 0.011 0.011 0.0
ALWAYS OCCUR 0.65 TO 1.0 FOR PDSs WITil RCS LEAK RATE =

"CRV* AND RCS PRESSURE = "IllGil'

6B INDUCED FAILURE OF RCS PIPING NEVER CHANGE THE PROBABILITY OF *HSLNTACT* FROM 0.902 0.076 0.011 0.011 0.0
OCCURS 0.6510 0.0 FOR PDSs WIT 11 RCS LEAK RATE =

"CRV" AND RCS PRESSURE = *HIGH*
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TABLE 14.1-1 (Cont'd)

SUMMARY OF CONTAINMENT RESPONSE SENSITIVITY ANALYSIS
RESULTS FOR SYSTEM 80 4-

i

CASE DESCRIPTION MODELED AS CONDITIONAL PROBABILITY OF
No. RELEASE CLASS *

RCl RC2 RC3 RC4 RCS ,

7A TllE RCS IS NOT DEPRESSURIZED BY Tile CitANGE PROBABILITY OF "NOSDSDP" FROM 0.2 0.902 0.076 0.011 0.011 0.0
SDS TO 1.0 FOR PDSs WTTII RCS LEAK RATE = "CRV*

AND RCS PRESSURE = "lHGII*,

7B TIIE RCS IS DEPRESSURIZED BY TIIE SDS CIIANGE PROBABILITY OF *NOSDSDP* FROM 0.2 0.902 0.076 0.011 0.01! 0.0
TO 0.0 FOR PDSs WIT 11 RCS LEAK RATE = "CRV"
AND RCS PRESSURE = "IIIGil".

8 CONTAINMENT IS LESS LIKELY TO BE CitANGE PROBABILITY OF *ISOL* FROM 2.1E-03 0.893 0.078 0.011 0,017 0.0
ISOLATED TO 1.0E42.
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14.2 SENSITIVITY ANALYSES OF RELEASE CONSEQUENCES !

The base case results for the consequence analysis show that the NRC's goals for |
large releases are met with substantial margins. The risks associated with large .!

i

releases are measured by dose at distance, early fatalities, and late fatalities. j

The base case results show that the probabilities of exceeding a whole-body dose
,

of 25 Rems at 300 meters and one-half mile from the reactor site boundary are i

2.3E-08 and 1.9E-08 per year. respectively. In both cases, the probability of
|

exceeding these risk measures is much less than the NRC's goal of 1.0E-06 per
year. The base case results also show that the probabilities of exceeding one
prompt. and one late fatality are 2.1E-09 and 2.0E-07 per year, respectively. ;,

These risk measures for the System 80+ design are also within the NRC's goal of l
1.0E-06 per year. To assess the effects of certain assumptions on the base case !

results for the risk measures, several sensitivity analyses were performed. j
Table 14.2-1 summarizes the results of the sensitivity analyses for the risk ;

consequences, and the associatec Complementary Cumulative Distribution Functions ;

(CCDFs) for the sensitivity cases are presented in Figures 14.2-1 through 14.2- !

28. It should be noted that although certain sensitivity cases show increase in. [

the probability of exceeding the risk measures, the System 80+ design would still ~!

meet the NRC's goals for large releases. The following sub-sections describe the j

individual sensitivity analysis and present their results. !

1.

14.2.1 Location of Release Point
|

The location of the releases is one of the parameters used to characterize a
release classes. In the base case analysis, it is assumed that releases to the

,

environment caused by containment over-pressure sequences occur at 54 feet above
;

grade level (i.e. . at the equipment and personnel hatches at elevation 146 ft.). t

for containment bypass failures and failures due to melt-through into the !

subsphere region the releases pass through the auxiliary building and eventually
to the environment at grade level. Releases caused by a steam generator tube [
rupture and a stuck open main steam safety valve is assumed to occur at 64 ft. !

above grade. The other isolation failure releases are assume.to occur at 54 ft. 1
.

above grade. As indicated above, the release point varies for the different - |
'

release classes addressed in the base case analysis. To assess the impact of the
-

i
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release point on the risk measures, two sensitivity cases were performed. The j
first case assumed that all releases to the environment occurred at the top of i

'
the containment building which is approximately 173 ft. or 52.8 meters. The

results for this case is presented in Table 14.2-1 as case No. lA. The second. ;'

case that assessed the impact of the release point assumed that all releases to ;

the environment occurred at grade level. The results for this case is presented j
in Table 14.2-1 as case No. 1B. i

The CCDFs for the four risk measures of case 1A are presented in Figures 14.2-1
through 14.2-4. Similarly, the CCDFs for case 18 are presented in Figures 14.2-5 !

through 14.2-8. ;;

.i

IThe results shown in Table 14.2-1 for cases 1A and 1B indicate that if all the
releases occurred at the top of the containment building or at grade level it

,

would have no impact on the probability of exceeding the dose at one-half mile,
or on the probability of exceeding one latent fatality. For these risk measures. I

the probabilities of exceedance would be the same as the base case, whether the .;
releases occurred at the top of the containment or at grade level.

i

The results show that the whole-body dose at 300 meters is less likely to be
exceeded, when compared to the base case results. The probability of exceeding.
the dose at 300 meters decreased for releases that occurred at the top of the '

containment building and at grade level. If the releases occurred at the top of '

the containment building, the probability of exceeding the 25 Rem dose at 300-
;

meters decreased from 2.3E-08 to 2.0E-08 (approximately 13%). Likewise, if the. [
releases occurred at grade level, the probability of exceeding the 25 Rem dose

,

at 300 meters also decreased from 2.3E-08 to 1.9E-08 (approximately 17%). Based
''on these percentages, the risk measure for dose at 300 meters is relatively

insensitive to the location of the releases when compared with the base case. i

,

The probability of exceeding one early fatality decreased for releases that' i
occurred at the top of the containment and for releases that occurred at grade

|- level, as shown in Table 14.2-1. If the releases occurred at- the top of the
l r

containment, the probability of exceeding one early fatality would decrease from i

1.6E-09 to 7.0E-10 (approximately 50%). If the releases occurred at grade level.

14-11
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the probability of exceeding one early fatality would actually increase slightly j
from 1.6E-09 to 1.7E-09 (approximately 6%). This implies that early fatalities *

would be sensitive to all releases which occurred at the top of the containment '5

and relatively insensitive to all releases which occurred at grade level. j

|

|14.2.2 Iodine and Cesium Release Fractions
1

:

The isotcpic content of the release for each release class was calculated using- !

S8050r<, This code, a modified version of the ZISOR code. reflects the System 80+ ]
design features. One or more PDSs were selected for each release class, and a.

;S80$0R run was made to calculate the source term isotopic content for the
specified release class. The source term isotopic content is the weighted ;

average of the source terms of the PDSs selected to characterize the release i

class. This sensitivity case was performed to assess the impact on the overall
plant risk due to an increase in the release fractions. For this case, the- i

release fractions were increased by an order of magnitude except those release .I
classes in which the total fraction would exceed 100%. For the exceptions. the
release fractions were increased by a factor of 2. The results for this case are f
presented in Table 14.2-1 as case No. 2. The CCDFs for the four- risk measures' 'j
are presented in Figures 14.2-9 through 14.2-12.

.

The results for. this case as shown in Table 14.~2-1. indicate that the
probabilities of exceeding all four risk measures would increase, with~ the

;
'probability of exceeding one early fatality most affected. Although the- risk -

measures increased when compared with the base case.-the NRC's goals for large
;releases would still be met. The probability of exceeding the 25 Rem whole-body

dose at 300 meters increased by a factor of 1.6 (from 2.3E-08 to 3.6E-08). '

Likewise, the probability of exceeding the 25 Rem whole-body dose at one half
mile increased by a factor of 1.3 (from 1.8E-08 to 2.3E-08). The probability of. [
exceeding one early fatality and one latent fatality increased by a factor of 2.7 !
and 1.1. respectively. The probability increased from 1.6E-09 to 4.3E-09 for one [
early ' fatality. For one latent fatality. the probability increased from 1.9E-07 j
to 2.1E-07. The results for this case imply that all four risk measure are f
sensitive to the isotopic content or release fraction that is used to I

characterized the release class.
.

k
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14.2.3 Containment Bypass Releases Unscrubbed

!

Containment bypass releases are characterized by an interfacing system LOCA via
the suction line of the Shutdown Cooling System (SCS). The release path .is
through tN broken SCS line into the subsphere region of the auxiliary building. |
This region will be flooded to a depth of 4 to 8 ft of water and the releases !

from the RCS are therefore subject to scrubbing. The amount of scrubbing i

depends on the depth of water in the flooded region. This case was performed to
deterInine the effects on the risk measures if the containment bypass releases j

;

were not scrubbed. The results for this case are presented in Table 14.2-1 as
case No. 3. The CCDFs for the four risk measures are presented in Figures 14.2- i

13 through 14.2-16.
E

:

The results for this case, as shown in Table 14.2-1. indicate that the

probability of exceeding the 25 Rem whole-body dose at one-half mile and the |
probability of exceeding one latent fatality would remain unchanged. The table
also shows that the probability for the whole-body dose at 300 meters would -!

decreased from 2.3E-08 to 2.2E-08 (approximately 4%). The probability of
,

exceeding one latent fatality would increase slightly from 1.6E-09 to 1.8E-09-
(approximately 13%). These results imply that there would be an insignificant !

increase in latent fatalities if containment bypass releases were unscrubbed
prior to release to the environment. |

'

14.2.4 Reliability of Containment Isolation Systems

Containment isolation failure is characterized by two types of scenarios. The
first type of scenarios involves a SGTR with a stuck open secondary side valve. j

and the second type of scenarios involves core damage accident sequences in
combination with direct loss of the containment isolation function. Releases due
to containment isolation failure are influenced by the availability of liquid on
the secondary side of the steam generator and the availability of containment
spray. This case was performed to assess the impact of the reliability of
containment isolation systems on risk. In performing the sensitivity analysis ,

for this case. the probability of containment isolation failure was increased by
an order of magnitude. The results for this case are presented in Table 14.2-1

.
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as case No. 4. The CCDFs for the associated risk measures are presented in
Figures 14.2-17 through 14.2-20.

The results for this case. as shown in Table 14.2-1. indicate that the
probabilities for all of the four risk measures would increase if the failure ;

probability of the containment systems increased. The probability for whole-body i
dose at 300 meters would increase by a factor of.8 approximately, from 2.3E-08 i

to 1.9E-07. For whole-body dose at one-half mile, the probability of exceeding (
25 Rem would increase by 9 approximately. Similarly, the probabilities of i

exoxding one early and one latent fatality would increase by a factor of 10 and
2. respectively. This implies that a less reliable containmerit isolation |
function would increase the overall risk of the plant.

14.2.5 Basemat Melt-through !

i

Basemat melt-through refers to the process of concrete. decomposition and -

destruction associated with corium interacting with the reactor cavity basemat. o

This type of accident progression is slow and provided the corium melts through
to the containment subsoil, the corium releases to the environment is expected !

to be negligible for the System 80+ design. Because of the low credibility of
,

this scenario, a low probability of occurrence is assigned to basemat melt- ;

through. This sensitivity case was performed to determine the impact on risk if .

a basemat melt-through event were to occur more frequently than what is currently
assumed in the base case analysis. For this case, the probability of basemat !

melt-through was increased by 10%. The results for this case are presented in
Table 14.2-1 as case No. 5. The corresponding CCDFs for the four risk measures I

are presented in Figures 14.2-20 through 14.2-24. !

r
i

The results for this case, as shown in Table 14.2-1. indicate that the !

probabilities of exceeding the dose at distance and the early fatalities remained f
unchanged. The probability of exceeding one latent fatality would increase by j

+-

a factor of 2 approximately. This implies that if the likelihood ' basemat j
melt-through increased then the risk associated with latent fatalities for the

!
: System 80+ design would be affected the most. I

t
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14.2.6 Interfacing System LOCA l
,

:

.'An interfacing system LOCA is the loss of RCS inventory outside the containment: 1

via a low pressure system which interfaces with the RCS. The releases associated !
with this type of event include vaporization releases with no scrubbing inside
the containment atmosphere prior to the release but with the. source term - j
attenuated due to deposition in the auxiliary building. .The frequency.for this ;

release class was estimated to be 5.1E-10 per year This low frequency is- .i
attributed to the various design enhancements that are incorporated in the Safety |

4

Injection System and the Shutdown Cooling System. In the base case analysis. i
,

releases associated with interfacing system LOCA (i .e. . containment bypass - .

releases) were identified as insignificant contributors to the overall risk of ;

the plant. This sensitivity case was performed to assess the impact on the j
overall risk of the plant if interfacing system LOCA occurred more frequently

;

than what is calculated in the base case analysis. For this case, the frequency 1

of interfacing system LOCA was increased by two orders of magnitude. The results
for this case are presented in Table 14.2-1 as case No. 6. The corresponding |
CCDFs for the four risk measures are presented in Figures 14.2-25 through 14.2- j
30. .

:

!

The results for this case as shown in Table 14.2-1 indicate that the overall !

; risk of the plant would increase. The probabilities of exceeding the dose at ;

distance risk measures increased by a factor of 3 for both the 25 Rem whole-body
dose at 300 meters and the 25 Rem whole-body dose at one-half mile from the |

5reactor site boundary. The increase in probabilities for the early and latent
fatalities was not as large as the increase-in probabilities for the dose at '

distance. The probabilities of exceeding one early fatality and one latent i

fatality both increased by a factor of approximately 1.3.
,
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TAllLE 14.21
,

SUMMARY OF SENS!TIVITY R13UL13 OF RISK CONSEQUENCES FOR SYSTEM N0+

iCASE DESCRIF110N l'ROBABILITY OF EXCEEDING -

No.
23 Rems 23 Rems 1EARLY 1 LATENT -r

@ 300 M 3 % Mi FATALITY FATALITY |- ,g
.

BASE AS DESCRIBED IN SECTION 13 2.3E48 1.8E48 1.6E49 1.90-07

1A RELEASES OCCUR AT TiiE TOP OF 11iE 2.0E.08 1SE48 7.0E-10 1.9E47 |
CONTAINMENT (173.2 ft OR 52.8 M)

iB RELEASES OCCUR AT GRADE LEVEL 1.9E-08 ! .9E48 1,7E09 f .9E47

2 INCREASED IODINE AND CESIUM RELEASE 3.6tM8 13E48 4.3E-09 2.1E47 i

FRACTIONS ,

3 CONTAINMENT DYPASS RELEASES UNSCRUBBED 2.2E48 1.8E48 1.8E49 1.9E47

4 CONTAINMENTISOLATION SYSTEM IS LESS 1.91147 1.7E O7 1.6E OR 3.7E47 |

RELIABLE
.

|
5 BASEMAT MELT-TilROUGil OCCURS MORE 2.3E48 1.8E48 1.6G09 3.2E47 j

FREQUENTLY

6 ISLOCA OCCURS MORE FREQUENTLY 7.2 E-08 62048 2.0E49 2.4E-07
1

!

:
i

..I
| r

| !

|

|

T

h

I

t

,

-r

!
I

L

l !

L
'

14-16 !

1

!

-t
t

-. - - 1. .__.__. . _ . - - . - _ . , . -- - - - -.



- _ . --- - . ~ _ - _ _ . -_. . . . . . . .. .. . __-.- - - __

FIGURE 14.2-1

CCDF FOR DOSE @ 300 METERS FOR CASE 1A i
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FIGURE 14.2-2 ;

e

CCDF FOR DOSE @ 1/2 MILE FOR CASE 1A
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FIGURE 14.2-3

PROB ABILITY OF EXCEEDANCE FOR EARLY
FATALITY FOR CASE 1A
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FIGURE 14.2-4 ;

.

PROBABILITY OF EXCEEDANCE FOR LATENT :

FATALITY FOR CASE 1A
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FIGURE I4.2-5
!

CCDF FOR DOSE @ 300 METERS FOR CASE IB
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FIGURE 14.2-6 5

h

CCDF FOR DOSE -@ 1/2 MILE FOR CASE 1B :
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FIGURE 14.2-7

PROBABILITY OF EXCEEDANCE FOR EARLY <

FATALITY FOR CASE IB :
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FIGURE 14.2-8
'

PROBABILITY OF EXCEEDANCE FOR LATENT |
FATALITY FOR CASE IB ;
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FIGURE 14.2-9
f

CCDF FOR DOSE @ 300 METERS FOR CASE 2 :
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FIGURE 14.2-10

!

CCDF FOR DOSE @ 1/2 MILE FOR CASE 2 i
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FIGURE 14.2-11
,

PROBABILITY OF EXCEEDANCE FOR EARLY
FATALITY FOR CASE 2
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FIGURE 14.2-12 ;

PROB ABILITY OF EXCEEDANCE FOR LATENT ,

FATALITY FOR CASE 2
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FIGURE 14.2-13
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,

CCDF FOR DOSE @ 300 METERS FOR CASE 3 i
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FIGURE 14.2-14

CCDF FOR DOSE @ 1/2 MILE FOR CASE 3
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FIGURE 14.2-15

PROBABILITY OF EXCEEDANCE FOR EARLY
FATALITY FOR CASE 3
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FIGURE 14.2-16

PROBABILITY OF EXCEEDANCE FOR LATENT :
FATALITY FOR CASE 3
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FIGURE 14.2-17

CCDF FOR DOSE @ 300 METERS FOR CASE 4

10-5

10-6

\

\

._

10-7 (
\
\

w \

Q -

U
\u

10-8

\

10-9
'

__

_

10-10
I IlilIli l I 11|||| 11111||! I I |||111 I I i11111 I'l Iillll i IIlilli l I ||1111 1 111||||

0 1 2 3 4 5-10-4 10-3 10-2 10'I 10 gg 10 10 10 10

DOSE (REM)

14-33

..



___ . . _ . _ _ _ . - . .. _ _ _ _ _ . _ _ . . . .

,

i

1

1
,

FIGURE 14.2-18

CCDF FOR. DOSE @ 1/2 MILE FOR. CASE 4 |
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FIGURE 14.2-19 |
iPROBABILITY OF EXCEEDANCE FOR EARLY

FATALITY FOR CASE 4 |
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FIGURE 14.2-20 ,

PROBABILITY OF EXCEEDANCE FOR LATENT
FATALITY FOR CASE 4
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FIGURE 14.2-21

;

CCDF FOR DOSE @ 300 METERS FOR CASE 5 j
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1 lGURE 14,2-22
i

CCDF FOR DOSE @ 1/2 MILE FOR CASE 5 .
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FIGURE 14.2-23

PROBABILITY OF EXCEEDANCE FOR EARLY
FATALITY FOR CASE 5
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FIGURE 14.2-24 ,
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PROBABILITY OF EXCEEDANCE FOR LATENT
FATALITY FOR CASE 5
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FIGURE 14.2-25 '
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CCDF FOR DOSE @ 300 METERS FOR CASE 6
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!FIGURE 14.2-26

i

CCDF FOR DOSE @ 1/2 MILE FOR CASE 6
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FIGURE 14.2-27

PROBABILITY OF EXCEEDANCE FOR EARLY
FATALITY FOR CASE 6
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FIGURE 14.2-28 :

PROBABILITY OF EXCEEDANCE FOR LATENT
FATALITY FOR CASE 6
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SUMMARY OF PRA-BASED DFSIGf1 INSIGHTS

This section of the report summarizes the PRA based insights for the System 80+
design. The System 80+ PRA was performed to satisfy the objectives required for
the Advanced Light Water Reactor design certification PRA. These objectives, as
they relate to the System 80+ design, are:

to assess. as realistic as possible, the risk profile of the.

proposed design in terms of the frequency of severe core damage
accidents and their consequences:

to develop better understanding and insights about the design.

strengths and relative weaknesses beyond those identified through
deterministic analyses; and

to support pre- and post-certification regulatory activities which.

include Design Acceptance Criteria (DAC): Inspection. Testing.
Analyses, and Acceptance Criteria (ITAAC); Reliability Assurance
Program (RAP): and technical specifications.

Since the System 80+ PRA is being used to support the pre- and post-certification
activities, the insights gained regarding the risk contributors are very useful.
Therefore, the following useful information and insights are summarized in this
section of the report:

how PRA insights influenced the design,.

what design features were added to or deleted from the design as a.

result of PRA insights.

.

how it was determined if there were any vulnerabilities in the plant.

design from internal or external events.

how the PRA was used to develop an appropriate balance of prevention.

and mitigation in the design.

15-1
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how to use the models information. and results of the design for=

verifying some of the key assumptions of the PRA.

how to use insights from the uncertainty, importance, and.

sensitivity analyses to support various activities such DAC. RAP.
ITAAC, and technical specifications.

how to use insights from the external events analyses shutdown and.

low power risk analyses to support pre- and post-certification
activities.

The special features that are incorporated into the System 80+ design to prevent
and mitigate accidents are summarized in Section 15.1. Insights about the System
80+ design gained from the internal events risk profile and the external events
risk profile are summarized in Sections 15.2 and 15.3 respectively. Shutdown

and low-power operation are included as part of the System 80+ PRA and the
insights gained from the risk associated with these modes of operation are
summarized in Section 15.4. The use of PRA in the design process is summarized
in Section 15.5. The use of PRA results and insights to support certification
and followup activities is summarized in Section 15.6.

15.1 Special Design Features

System 80+ is an evolutionary Advanced Light Water Reactor (ALWRL ABB C-E

designed the System 80+ using PRA extensively in the design process to identify
areas for improvement and to monitor progress toward meeting risk reduction
goals. Using the Standard System 80 design as the starting point. the System 80
design evolved into System 80+. The changes were made to make the plant safer,

more available, and easier to operate. There* ore, the System 80+ design contains
features that reduced risk, when compared with existing generation of commercial
nuclear power plants. Table 15.1-1 summarizes the System 80+ evolut%;

,

features that affect safety and compares them to similar features of Systs.:n 9'

The features summarized in Table 15.1-1 contributes to risk reduction, some more

than others. These features are either preventative or mitigative. The purpose

15-2
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of the preventative features is to minimize or reduce the initiation of plant
transients. arrest or terminate the progression of plant transients once they
occur, and prevent core damage. Likewise, the purpose of the mitigating features
is to mitigate severe accidents and the consequences of core damage.

15.1.1 Design Feature for Preventing Core Damage
!

The following briefly describes the major features that were incorporated into
the System 80+ design to limit plant transients and to prevent severe accidents
from occurring.

Laraer Pressurizer

The reason for designing a larger pressurizer volume in the System 80+. as
compared the existing generation of commercial nuclear power plants, is to make
the plant response to transients slower and more resilient. The larger pressure
volume helps maintain a higher pressurizer pressure and water level following a
turbine trip. It also helps prevent emptying the pressurizer followin,
overcooling transients. For certain transient events, the rise in pressurizer
pressure will be moderate and consequently the primary safety valves will not be
challenged. A larger pressurizer volume also he W to lower the peak pressure
that can be reached following an Anticipnea Transient Without Scram (ATWS)
event. The primary bases for increasing the pressurizer volume are:

to prevent the draining of the pressurizer and uncovering of the.

heaters following a reactor or a turbine trip.

to prevent water level surges that cause liquid or two-phase flow to.

reach the primary safety valves following a feedwater line break or
a loss of load transient.

to prevent the lifting of the primary safety valves following.

'

certain transient events.

to increase the margin for a safety injection actuation signal.

15-3
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during a reactor or turbine trip

to minimize the fluctuation of the pressurizer during transient.

events.

Larger Steam Generators

The larger than existing steam generators of System 80+ is designed to make the
plant response to transients slower and more resilient. The increased heat
transfer area of the steam generators provides a 10% tube plugging margin, which
helps increase the availability of the steam generator secondary heat removal.
The increased downcomer volume and the 20% increase in steam generator inventory

help reduce the fluctuations during transients and increase the boil-off time to
dryout the steam generators. The time required to dryout the secondary inventory'

of the steam generators is approximately 50% longer for System 80+ than the
dryout time for System 80. The improved steam generator tube materials and the
reduced hot-leg temperature are designed to help reduce the frequency of steam
generator tube ruptures.

Shutdown Coolina System (SCS)/ Containment Soray System (CSS 1

In addition to their long-term decay heat removal function, the SCS pumps are
designed to perform residual heat removal injection and cooling of the In-
containment Water Storage Tank (IRWST). In the residual heat removal injection i

mode of operation, the SCS is used (in conjunction with the Rapid -

Depressurization System) as a backup to the Safety Injection System (SIS) to
inject borated water into the reactor core. To provide operating flexibility,
the design pressure of the SCS is much higher for System 80+ than Standard System '

80. The SCS pumps can also be used as backup to the CSS pumps to perform IRWST

cooling during " feed and bleed" operations (beyond design basis events). The ;

two-train redundancy for each of these systems coupled with the interchangeable |

SCS and CSS pumps. enhance the availability of these systems.

l
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Multiple Independent Connection to Grid and Turbine / Generator Runback Capability
,

The System 80+ design includes a main switchyard for incoming and outgoing
electric power and a separate and independent backup switchyard that is tied to
the grid at some distance from the main switchyard. In addition, the System 80+

1

turbine generator system and the associated buses are desi.gned to runback to
maintain hotel load on a loss of grid event. These features are intended to
reduce the frequency of Loss of Offsite Power (LOOP) events and station blackout
events.

Separate Startuo and Emeraency Feedwater System

The use of a non-safety related Startup Feedwater System (SFWS) for normal
startup and shutdown operations helps reduce the demands on the Emergency
Feedwater System (EFWS). In addition, the SFWS provides an independent means of

supplying feedwater to the steam generators fcr removing heat from the Reactor
Coolant System (RCS) during emergency conditions when the main feedwater is not

available (the SFWS is automatically actuated upon loss of main feedwater and
prevents the need to actuation the EFWS).

,

Imoroved Control Room Desian !

The System 80+ control room design (Nuplex 80+) is intended to improve existing ' >
.

control rooms while maintaining their strengths. In that respect it is an ;

evolutionary design that is expected to provide more and better information to :
the operator than the Standard System 80 design. i

t

Imoroved Normally Operatina Component Coolina Water System (CCWS)

The Component Cooling Water System (CCWS)'is a closed-loop system that provides

. Cooling water to remove- heat from plant systems, components, and structures. |
Heat from the CCWS is rejected to the ultimate heat sink through the open-loop
Station Service Water System (SSWS). Each of these systems consists of a,

separate and redundant division. Each division contains two pumps: one is '

-normally operating, while the other pump is in standby and starts automatically
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if the operating pump trips. This configuration eliminates the demand failures
of pumps and valves that were found to be significant contributors to risk in the
System 80 design with standby CCWS/SSWS configurations.

Facilities Desians

Facilities are designed to provided physical separation of systems or trains of
system that perform redundant safety-related functions. This increases the
availability of systems due to their protection from failures associated with
internal fires. internal floods, and similar common-cause failures. This
contributes to risk reduction when compared to existing plant designs.

Safety Iniection System (SIS) with Direct Vessel In.iection

The primary function of the Safety Injection System (SIS) is to inject borated
water into the RCS for inventory and reactivity control during severe accidents
such as Loss of Coolant Accidents (LOCAs) and ATWS. The SIS can be used in ,

conjunction with the Rapid Depressurization System for " feed and bleed"
operation. For continuous long-term post-LOCA (large) cooling of the reactor
core, the SIS pumps are realigned to provided simultaneous hot-leg and direct
vessel injection to prevent boron crystallization. The following are major
evolutionary characteristics of the System 80+ SIS:

four high-pressure 100% capacity pumps,.

four safety injection tanks (SITS)..

direct vessel injection (pumps take suction from the IRWST and.

deliver borated water to the reactor vessel downcomer via the DVI
lines),

elimination of need for low pressure pumps,e

elimination of need to realign pump suction..

15-6
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hot side injection into each hot-leg.*

capability to test pumps at design flow..

" feed and bleed" cooling of the RCS (in conjunction with the Safety.
,

Depressurization System for beyond design basis events).

These evolutionary characteristics help reduce the unavailability of the System
80+ SIS to levels below those for existing generation of commercial nuclear power
plants. This was achieved by reducing or eliminating several contributors to SIS
unavailability. For example: (1) a four-train (as compared to a two-train) SIS, ,

reduces the contribution to the system unavailability that is due to outages for ;

testing, repair and maintenance: (2) the elimination of the low-pressure pumps
eliminates the failures to start for these pumps: (3) the elimination of the need
to realign the suction of the pumps eliminates the contribution of the failure
to do so: (4) the provision for cold-leg DVI increases the time for SIS response
during a small break LOCA.

Safety Denressurization System (SDS)

The Safety Depressurization System (SDS) consists of two sub-systems: (1) the
Reactor Coolant Gas Vent System (RCGVS) and (2) the Rapid Depressurization System

(RDS) or bleed system. The RCGVS provides a safety-related means of venting non-

condensable gases from the pressurizer and the reactor vessel upper head.
Likewise, the RDS provides a manual safety-related means of rapidly
depressurizing the RCS so that the SIS can d1'iver borated water to the reactor
core, when long-term decay heat removal fails via the Shutdown Cooling System or

via the steam generator secondary heat removal. Rapid depressurization of the
RCS_ is manually accomplished and is often exercised in conjunction with the
" feed" function which is provided by the SIS. This is a significant risk-

reduction feature added to the System 80+ design.

!

! Emeraency Feedwater System (EFWS)
L

,

The Emergency Feedwater System (EFWS) provides an independent safety-related
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I

i

means of supplying feedwater to the steam generators during the early phase of '

secondary heat removal in the event that both the main feedwater and the startup
feedwater are lost. The EFWS consists of two divisions. each of which is aligned
to deliver feedwater to its respective steam generator. Each division contains ;

a motor-driven train and a turbine-driven train. The steam required to operate
the turbine-driven pump is supplied from the associated steam generator that i

feedwater is delivered to, and the cross-connect of steam supply to the EFWS '

turbine pumps is not a design characteristic. For station blackout sequences.
the turbine-driven trains of the EFWS are available to remove decay heat from the
RCS. Because of the redundancy and diversity of the emergency feedwater trains.
this system is a significant contributor to risk reduction. >

Two Emeroency Diesels and Standbv Combustion Turbine i

.

Each of the two divisions of class 1E AC power is supplied with emergency ;

standby power from an emergency diesel generator (DG). Each DG is provided with
a dedicated 125 VDC battery. The emergency DGs start and load automatically
following a LOOP event. In addition to the two emergency DGs. the System 80+
design has an alternate standby onsite AC power source. This is a non-safety

,

combustion turbine power source provided to cope with station blackout scenarios.
The alternate power source is independent and diverse from the DGs. Once

.

started, the combustion turbine is manually loaded to power one division of class
1E AC loads when the associated DG is unavailable. |

;

Vital Batteries
,

Six independent and separate 125 VDC batteries are included in the System 80+ '

design, in comparison to four batteries for the System 80 design. For System ;

80+. each battery can supply the continuous emergency load of its own load group
for a period of 4 hours. In addition the batteries provide a station blackout !
coping capability assuming manual load shedding or the use of a load management .

program. This permits operating the instrumentation and control loads associated f
with the turbine-driven emergency feedwater pumps for 8 hours. ;

4

$
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In-Containment Refuelina Water Storage Tank

Suf ficient borated water is stored in the In-Containment Refueling Water Storage j

Tank (IRWST) to meet all post-accident safety injection pumps and containment
spray pumps operation requirements. The volume of borated water is also
sufficient to flood the refueling pool during normal refueling operations. The- :

IRWST eliminates the need for switching over from injection mode to recirculation
mode during emergency core cooling operations and therefore, ehminates failures

associateo with switch-over in existing commercial nuclear power plants.
.

15.1.2 Design Features for Mitigating Consequences of Core Damage

The following briefly describes the major features that were incorporated into
,

the System 80+ design to mitigate severe accidents and the consequences of core
damage. .

,

large Scherical Steel Containment

The most important advantages of this feature are listed below:

Enhanced containment atmospheric mixing and dilution of post [
.

accident hydrogen gases, reduces the potential for developing
detonable concentrations of hydrogen under severe accident

,

conditions. !

,

High containment pressure capacity values are several times higher.

than the design pressure. (The containment pressure capacity is
sufficiently large that the ccntainment loads associated with early
challenges, e.g., hydrogen combustien 3nd direct containment- !
heating, are at or below Service Level C value.) This assures an :

extremely low probability of containment failure for such

challenges. the high-pressure capacity also significantly delays the r

. time of release for late containment failure challenges.

.
.

15-9
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t

In-Containment Water Storaae System

i

This system performs water collection, delivery, storage. and heat sink functions
inside the containment during normal operation and accident conditions. It

comprises the IRWST. the holdup volume tank (HVT). the steam relief system (SRS),

and the Cavity Flooding System (CFS). Containment spray water. RCS breakflow. !

and condensed water on containment structures will drain first into the HVT. and |
eventually to the IRWST through spillways connecting the IRWST and HVT. The !

IRWST provides water from steam condensation and fission product scrubbing before ,

vessel breach, and water for reactor cavity flooding through the CFS. The in- -

containment water storage system is, therefore, significant for severe accident ;

progression in its ability to reduce containment pressure '(through steam
condensation). to reduce fission product release (through pool scrubbing), and :

to reduce the probability of core concrete interaction through cavity flooding. -

Safety Depressurization System (SDS)

!

In addition to the core damage prevention function, discussed earlier, the Rapid .

Depressurization System (RDS) of the SDS also serves a mitigative function.
Specifically, actuation of the RDS prior to the core debris penetrating the -

vessel, can reduce or eliminate the potential for direct containment heating and
|

large hydrogen combustion events at vessel breach and, thus, reduce the
probability of early containment failure. The RDS also reduce the amount of -

.

; fission product release associated with reactor vessel breach at high pressure. {
since the RDS flow is discharged directly into a sparger network in the IRWST and
not into the containment atmosphere.

Reactor Cavity Desian for Corium Disentrainment i

f
The reactor cavity of the System 80+ design minimizes debris dispersal to tha
upper compartment of the containment after a high pressure vessel breach, and !

thereby reduces the potential for containment failure caused by direct !

containment heating. The path from the cavity to the upper containment is,

convoluted so that the corium will be disentrained and removed from the ,

atmosphere before reaching the upper containment region. This design feature-

15-10
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1

'
,

:
'

reduces the quality of corium available for dispersal into the upper compartment
and. therefore, the pressure rise associated with direct containment heating.'

'

;
.

In conjunction'with the high-containment pressure capacity for the System 80+ |

design, the retentive cavity design serves to further reduce the probability of
containment failure as a result of direct containment heating. {

;

Reactor Cavity Desian for Debris Coolability .i
'

t

Another feature of the reactor cavity that is important to severe accident
,

progression is the ability to quench and cool core debris in the cavity. The |
,

flow area in the System 80+ design meets the EPRI debris spreading criterion to '

enhance the potential for debris cooling. In addition. the reactor Cavity |
Flooding System (CFS) is designed to flood the reactor cavity in the event of. a

;

severe accident for the purpose of covering the core debris with water and-
maintaining a long-term debris coolability. The CFS also serves to scrub fission !

products. The CFS is designed to flood the reactor cavity in the event of a j

severe accident using water from the HVT portion of the containment water storage ;

system. |
!

Hydrogen Mitiaation System

1

The System 80+ design incorporates a deliberate ignition system to maintain-
containment hydrogen concentrations below a detonable limit. The system uses l

igniters of the glow plug design and is manually remote controlled. Because of; -|
the proven design of the glow plug igniters and the reliability of the electrical- I

distribution system used in the System 80+ design, the Hydrogen Mitigation System .;

(HMS) is a significant risk reduction contributor to containment failure. -{
.

;

!

'

+

i
|

I

.
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.

Table 15.1-1

.

Major System 80+ Preventive and Mitgative Design Features ,

i

TYPE OF FEATURE DESIGN FEATURE |_

PREVENTIVE '

Transient Prevention larger pressuriter
,

Larder steam generators

High pressure Shutdown Cooling System (SCS) - functionally f
interchangeable SCS and Containment Spray System (CSS) pumps

Multiple independent connections to the grid and turbine-generator runback ,

capability -

Dedicated startup feedwater system f

improved control room design
,

improved normally operating Component Cooling Water System
(CCWS)/ Station Service Water System (SSWS)

Transient Mitigation!
Severe Accident Four train Safety injection System (SIS) with direct vesselinjection i
Prevention !

Safety Depressurization System (SDS) '

Four train Emergency Feedwater System

Two emergency diesel generators and a standby alternate AC source
(combustion turbine) -

!

Six vital batteries -

f
Irvcontainment Refueling Water Storage Tank (IRWST)

{
I

Cross connected CSS and SCS trains I

c

improved control room design
{

MITIGATIVE Large spherical containment f
Reactor cavity designed for corium disentrainment !

)

Reactor cavity designed for debris coolability !

IRWST and SDS

|
Hydrogen mitigation system |

- !
r

!

I
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15.2 Internal Events Risk Profile Insights

15.2.1 Core Damage Frequency of the Level I PRA |

The Level I portion of the Sytem 80+ PRA addresses the internal (and the
external) initiators of accident sequences which lead to core damage. Core

damage is assumed to occur if the collapsed level in the reactor has decreased
such that the active fuel in the core is uncovered and a temperature of 2200 'F
or higher is reached in any node of the core as defined in best-estimate thermo-

|
hydraulic calculations. The methodology for the Level I portion of the PRA for
internal events complies with the recommendations of the PRA Key Assumptions and i

Groundrules of EPRI ALWR requirements document'". The small event tree /large :

fault tree (fault tree linking) approach was used to evaluate core damage
frequency. Generic industry data as presented in the EPRI ALWR requirements -
document (". was used to perform the PRA. The methods used for the external '

events evaluation are summarized in Section 15.3. j

!
The core damage frequency for internally initiated events is summarized in ,

Section 15.2.1.1. The dominant accident sequences and their major contributors :
to core damage frequency for internal events are summarized in Section 15.2.1.2. ,

In Section 15.2.1.3, the impact of several System 80+ design features. as they
,

|

relate to the reduction of core damage frequency for internal events. are
presented. Finally. the insights drawn from the uncertainty. sensitivity, and i

importance analyses are presented in Section 15.2.1.4. !-

!

,

15.2.1.1 Core Damage Frequency by Inititating Events

!

The estimated core damage frequency attributable to internal events for the |

System 80+ plant is 1.7E-06. Table 15.2-1 presents the core damage frequency
I;contributions by initiating events (for comparison, the core damage frequency for-
,

the Standard System 80 design is also presented). The core damage frequency.of |
the System 80+ design is a factor of 128 less than the core damaap frequency of |

the System 80 design. This factor was derived using the same groundrules of the
System 80 PRA. The relative contributions (percent of total) of the various
internal events to the total core damage frequency are tabulated in Table 15.2-1

|
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.

and shown graphically in Figure 15.2-1. For the System 80 design. loss of ,

offsite power and station blackout dominates (46%) the core damage frequency
{profile. This is followed by the LOCAs (31%) and then transients (14%). The

contribution by ATMS is relatively small (6%). For the System 80+ design, the
LOCA categories of initiating events dominate (47%) the core damage frequency
profile. This is followed by the transient category (35%) of events. The

contribution from loss of offsite power (including station blackout) is

relatively small becaum of the following features that were incorporated into
the design:

|

f

multiple independent connections to the grid. !.

turbine-generator runback capability to maintain hotel loads..

,

alternate. standby AC source (combustion turbine), ande

;

:

six vital 125 VDC batteries..

The contribution from ATWS is also relatively samll.
,

,

)

!

!

,

V

O

,
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!

Table 15.2-1

COMPARISON OF CORE DAMAGE FREQUENCY CONTRIBUTIONS !
*BY INITIATING EVENT
,

I
SYSTEM 80 SYSTEM 80+ i

% OF % OF .I
INITIATING EVENT CDF/yr TOTAL CDF/yr TOTAL ;

E

LARGE LOCA 1.8E-6 1.9 1. l E-7 6.6
MEDIUM LOCA 3.6E-6 4.4 3.1 E-7

MEDIUM LOCAL N/S N/S 1.4 E-7 8.3 f
MEDIUM LOCA2 N/S N/S 1.7E-7 9.8 :

SMALL LOCA 9.4 E-6 11.6 2.0E-7 11.8 i
STEAMLINE/LARGE SEC. 9.0E-7 1.1 1.9E-9 0.1 I
SIDE BREAK
STEAM GENERATOR TUBE 1.1E 5 12.9 2.9E-7 16.9
RUPTURE
TRANSIENTS 1.2E-5 15.4 5.9E-7 I

LOSS OF FEED. FLOW N/S N/S 5.lE-7 '30.1 ~!
LOSS OF COMPONENT CLG N/A N/S ' 4.9E-10 0.0
WATER
LOSS OF 125 VDC BUS N/S N/S 1.6E-10 . 0.0
LOSS OF 4.16 KV BUS N/S N/S 3.5E-10 0.0 !
LOSS OF IiVAC N/C N/S 6.5E-9 0.4 {OTHER N/S N/S 7.6E-8 4.5 ?

LOSS OF OFFSITE POWER 3.8E-5 46.4 1.9E-8 ' 1.1 j
SBO/ BATTERY DEPLETION IJS L/S 2.lE-8 1.3 }ATWS 4.8E-6 5.9 5.4 E-8 3.2 !
INTERFACING SYSTEM LOCA 4.5E-9 0.0 5.2E-10 ' O.0 i

VESSEL RUPTURE 1.0E-7 0.3 1.0E-7 5.9

! TOTAL 8.1E-5 100.0 1.7E-6 100.0'
[6.3E-7]* ,

!
:

CDF Core Damage Frequency
' N/S means Not Calculated Separately

N/A means Not Applicable
{N/C means Not Considered i

IJS means included with loss of offsite power i
'Diis value is used for comparison purposes only. It was derived using the same groundrules of j

*

j the System 80 PRA. -

t

.

I

!

!
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Figure 15.2 -1

RELATIVE CONTRIBUTIONS OF INTERNAL EVENTS TO TOTAL CDF

LOCAs
LOOP /SBO

LOOP /SBOGLOCAs
-'

2% y, 37 '2
,

,;g* j{gggggg
,

18 %

SLB
.

SGT Y/o
ATWS ,R TggpS GTR

_ TRANS AT 17%
15% 6%

3

SYSTEM 80 SYSTEM 80+
(CDF = 8.1E-5/YR) (CDF = 6.3E-7/YR),

' This value is used for comparison purposes only. It was derived
using the ground rules of System 80 PRA.
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15.2.1.2 Dominant Accident Sequences for Internal Events

i
iThe dominant accident sequences due. to internal initiated events and' their

contributions to the core damage frequency for the System 80+ design are
Ipresented in Table 15.2-2. The dominant accident sequences are described below.

LOSS OF FEED FLOW FVENTS [

Three dominant accident sequences were identified for loss of main feedwater flow

events. LOFW-9. LOFW-4. LOFW-8. and LOFW-5. The calculate frequencies for these
.

accident sequences are 4.6E-07, 3.6E-08, 2.1E-08. and 5.6E-09 per year
respectively. !

LOFW-9 is an accident sequence which involves loss of main feedwater to=

the steam generators followed by failure of the Emergency Feedwater System - !

(EFWS), and failure of the Safety Depressurization System (SDS) to perform
bleed operation. The EFWS is the preferred means available_for removing
decay heat via the steam generators. If the EFWS fails then once-through -

cooling or " feed and bleed" is the alternate means of removing decay heat '

from the reactor core. However in this sequence, the " bleed" portion of-
" feed and bleed" fails and consequently core damage occurs. The dominant
contributors to this sequence are: (1) common cause- failure of EFW
distribution line check valves. (2) common cause failure of EFW pump
discharge check valves. (3) common cause failure of the " bleed" valves,
and (4) operator fails to initiate " feed and bleed". i

LOFW-4 is an accident sequence which involves loss of main feedwater to !.

the steam generators followed by successful deliver of emergency feedwater
to the steam generators. failure of long-term decay heat removal, and
failure of " feed" operation. Long-term cooling provides continued decay
heat removal, once the initial cooldown by the EFWS is completed. However
for this sequence, long-term cooling fails and " feed and bleed" becomes
the other alternative for removing decay heat from the reactor core to
prevent core damage from occurring. Because the " feed" portion of " feed
and bleed" also fails core damage eventually occurs. The dominant

15-17 :
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contributors to this sequence are: (1) common cause failure of the safety
injection line check valves. (2) independent failure of the CST makeup
valve (check or manual), and (3) operator fails to align CST to EFW
storage tanks. ;

'-

LOFW-8 is an accident sequence that is similar to LOFW-9 except that the.

" bleed" portion of " feed and bleed" fails instead of " feed" The dominant *

contributors to this sequence are: (1) common cause failure of the EFW -

distribution line check valve. (2) common cause failure of the EFW pump
discharge check valve. (3) common cause failure of safety injection line
check valves. (4) common cause failure of the safety injection line motor I

operated valves and (5) common cause failure of the safety injection
pumps.

LOFW-5 is an accident sequence that is similar to LOFW-4 except that the.

" bleed" portion of " feed and bleed" fails instead of " feed" The dominant

contributors to this sequence are: (1) common cause failure of the SCS
suction valves. (2) independent. failure of the CST makeup valve (check or
manual). (3) operator fails to initiate " feed and bleed". (4) common cause
failure of " bleed" valves. (5) operator fails to align CST to EFW storage
tanks.

STEAM GENERATOR TUBE RUPTURE (SGTR) EVENTS

Four dominant accident sequences were identified. SGTR-17. SGTR-16. SGTR-12.
'

SGTR-15. and SGTR-6. The calculated frequencies for these dominant sequences are

2.7E-07. 1.5E-08, 6.3E-09. 1.2E-09. and 4.4E-09 per year respectively.

SGTR-17 is an accident sequence which involves a steam generator tube.

rupture event followed by failure of the Safety Injection System (SIS) and
the inability to aggressively cooldown the secondary side of the plant to

,

initiate shutdown cooling injection. Failure of SIS results in loss of
the preferred way of making-up and controlling the lost RCS inventory. By
aggressively cooling down and depressurizing the RCS. the SCS can be used

to provide the necessary makeup to the reactor core. Therefore, a failure

15-18
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of SIS .and failure to establish aggressive cooldown results in core'

damage. The dominant contributors to this sequence are: (1) common cause
failure of the safety injection line check valves. (2) common cause

failure of safety injection line motor operated valves. (3) common cause
failure of safety injection pumps to start or run. and (4) operator fails
to perform aggressive cooldown.

SGTR-16 is an accident sequence which involves a steam generator tube+-

rupture event followed by failure of the SIS and failure of the SCS to |
Iinject borated water into the RCS. Once SIS fails, an aggressive cooldown

of the secondary side is successfully accomplished. The aggressive
cooldown also decreases the RCS pressure so that the SCS pumps can be used

to provide the necessary makeup to the RCS. However for this sequence,
the SCS fails to provide the necessary makeup and consequently core damage

occurs, The dominant contributors to this sequence are: (1) common cause
failure of the safety injection line check valves. (2) common cause

t

failure of the safety injection to start or run, and (3) operator fails to
,

align SCS for injection.
!

SGTR-12 is an accident sequence which involves a steam generator tube.

rupture event followed by failure of the EFWS and the SDS. Following the .

SGTR event, the SIS provides makeup for the lost reactor coolant (through
the ruptured tube). However, the removal of decay heat via the intact
steam generator is not accomplished because the EFWS fails to deliver ,

feedwater to the steam generator. Although the removal of decay heat via
the steam generator is lost (the preferred means), " feed and bleed" would
then be used as the alternate means of removing decay heat from the RCS.

However for this sequence the SDS which provides the " bleed" portion of ;

" feed and bleed" also fails and consequently core damage occurs. The i

dominant contributors to this sequence are: (1) common cause failure of the
EFW distribution line check valves, (2) common cause failure of the EFW

pump discharge check valves. (3) operator fails to initiate " feed and
;

bleed". and (4) common cause failure of the " feed and bleed" valves.

,

'
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SGTR-15 is an accident sequence which involves a steam generator tube.

rupture event followed by failure of the SIS. failure to isolate the
ruptured steam generator, and failure re-fill the IRWST. . Following the
tube rupture event the SIS fails to provide the necessary makeup.
Aggressive cooldown of the secondary side is then accomplished and the SCS

is used to provide makeup (inject borated water) to the RCS. Normally the
ruptured steam generator would be identified and isolated as soon as
practicable to minimize the need to replenish the make source (the IRWST).
.;owever for this sequence, the ruptured steam generator is not isolated
and re-filling of the IRWST is also not accomplished. As a result, core
damage eventually occurs. The dominant contributors to this sequence are:
(1) failure of the main steam safety valves to re; seat. (2) common cause
failure of the safety injection line check valves. (3) common cause
failure of the safety injection line motor operated valves. and (4)
operator fails to align CVCS to re-fill the IRWST following SGTR.

SGTR-9 is an accident sequence which involves a steam generator tube.

rupture event followed by failure of RCS pressure control, failure to
isolate the ruptured steam generator, and failure to re-fill the IRWST.
Following the tube rupture event, the SIS successfully provided .the
necessary make to the RCS. Also, the EFWS delivered feedwater

successfully to the intact steam generator for decay heat removal via the
steam generator. However for this sequence. RCS pressure control is not
provided, the ruptured steam generator is not isolated, and re-filling of
the IRWST is also not accomplished. As a result, core damage eventually
occurs. The dominant contributors to this sequence are: (1) failure of
the main steam safety valves to re-seat. (2) operator fails to throttle
safety injection pumps, and (3) operator fails to align CVCS to re-fill
IRWST following SGTR.

SMALL LOCA EVENTS

Two dominant accident sequences were identified for small Loss of Coolant
Accident (LOCA) events. SL-11. SL-10. and SL-4. The calculated frequencies for
these dominant accident sequences are 1.6E-07. 9.0E-09 and 9.0E-09 per year.
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respectively.

SL-11 is an accident sequence which involves a small break loss of coolant.

followed by failure of SIS and failure to aggressive cooldown the |

secondary side. To mitigate a small LOCA makeup of the lost reactor -

'

coolant must be provided. Normally the SIS provides this function, but
for this sequence it fails. The other line of defence would be to
aggressively cooldown the secondary sidt et _ use the SCS pumps to provide
the needed makeup. Aggressive cooldown also fails and the lost coolant is
not restored. Consequently. core damage occurs. The dominant
contributors to this sequence are: (1) common cause failure of the safety- *

injection line check valves. (2) common cause failure of the safety
injection line motor valves. (3) common cause failure of the safety
injection pumps to start or run. and (4) operator fails to perform
aggressive cooldown following a small LOCA.

SL-10 is an accident sequence which involves a small break loss of coolant -.

followed by failure of the SIS and failure of the SCS to provide

injection. Makeup of the lost reactor coolant must be provided to
mitigate a small LOCA. Normally this function is provided by the SIS. but
for this sequence, it fails. Aggressive cooldown of the secondary side is '

then accomplished successfully. In cooling down the secondary side. RCS
;

pressure also decrease and the SCS would then be aligned to inject borated
water into the RCS. Although aggressive cooldown was successful for this
sequence, the SCS fails to provide the necessary makeup and consequently
core damage occurs. The dominant contributors to this sequence are: (1)
common cause failure of the safety injection iine check valves. (2) common

,

cause failure of the safety injection line motor valves. (3) operator
fails to align SCS for injection, and (4) common cause failure of the I

safety injection pumps to start or to run.

SL-4 is an accident sequence which involves a small break loss of coolant.

followed by failure of long-term decay heat removal and failure of the 1

SDS. For this sequence. the SIS provided the necessary makeup to the RCS !

and the EFWS successfully provided feedwater to the steam generators |

15-21
,

!

|

'

|



'

;

|

during the first phase of plant cooldown. Long-term decay heat removal. j

would normally be initiated to continue the plant cooldown process, but
this function is not accomplished in this sequence. " Feed and bleed'' is !

the next alternative. However, the failure of the SDS causes the " bleed"

portion to be unsuccessful and consequently core damage occurs. The

dominant contributors to this sequence are: (1) common cause failure of
the SCS/CCW valves, and (2) failure of the " bleed" valves.

'
MEDIUM LOCA EVENTS

,

Two dominant accident sequences were identified for medium LOCA events. ML2-3 and .

ML1-3. The calculated frequencies for these accident sequences are 1.6E-07 and
1.4E-07. respectively. (To facilitate the definition and evaluation of the Plant
Damage States (PDS) for the containment response analysis, the medium LOCA
category of events were split into two separate events bases on the estimated in-
vessel pressure at the time of the onset of core damage.)

ML2-3 is an accident sequence which involves a medium LOCA event followed.

by failure of the SIS. Failure of the SIS during the early phase of the
medium LOCA (i.e. during direct vessel injection) results in failure to
provide makeup to the reactor core and also to remove heat from the core.
Failure of the SIS during the latter phase of the medium LOCA (i.e.,
simultaneous hot-leg and direct vessel injection) results in boron

crystallization which blocks flow through the core and consequently core
damage occurs. The dominant contributors to this sequence are: (1) common
cause failure of the hot-leg isolation valves. (2) common cause failure of
the safety injection line check valves. (3) common cause failure of hot-
leg check valves. (4) operator fails to initiate hot-leg injection, and
(5) common cause failure of the safety injection line motor valves.

ML1-3 is an accident sequence which is similar to ML2-3. except that the*

in-vessel pressure at the onset of core damage is less than the in-vessel
pressure associated with ML2-3 sequence.
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LARGE LOCA EVENTS

Two doininant accident sequences were identified for large LOCA events LL-3 and
LL-4. The calculated frequencies for these accident sequences are-1.1E-07 and
4.7E-09, respectively.

LL-3 is an accident sequence which involves a large loss of coolant.

followed by failure of the SIS. The inventory of the Safety Injection
Tanks (SITS) discharges into the RCS to provide the instantaneous makeup ;

required following the rapid depressurization of the RCS caused by the
large LOCA. The SIS then failed to provide its function. Failure of the
SIS during the early phase of the medium LOCA (i.e. , during direct vessel
injection) results in failure to provide makeup to the reactor core and
also to remove heat from the core. Failure of the SIS during the latter
phase of the medium LOCA (i.e., simultaneous hot leg and direct vessel
injection) results in boron crystallization which blocks flow through the
core and consequently core damage occurs. The dominant contributors to
this sequence are: (1) common cause failure of the safety injection line
check valves, (2) common cause failure of the safety injection line motor
valves, (3) common cause failure of the hot-leg check valves, (4) common

,

cause failure of hot-leg isolation valve, and (5) operator fails to
initiate hot-leg -injection.

LL-4 is an accident sequence which involves a large loss of coolant*

followed by failure of the SITS. The required instantaneous makeup of
reactor coolant is not provided and consequently core damage occurs. The
dominant contributors to this sequence are: (1) common cause failure of
safety injection line check valves and (2) common cause failure of SIT
discharge check valves.

VESSEL RUPTURE EVENT *

This event h defined as any breach of the primary pressure boundary that causes
loss of reactor coolant in excess of the capacity of the SIS. If this event were
to occur, it leads directly to core damage and there are no sequerices associated

15-23
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with it. The estimate frequency for this event is 1.0E-07 per year.

OTHER TRANSIENT EVENTS

Other transients are those non-LOCA events other than loss of main feedwater in !

which a process parameter perturbation leads to a reactor trip. Three dominant
accident sequences were identified for other transient events. TOTH-4, TOTH-5. [
and TOTH-9. The calculated frequencies for these accident sequences are 6.9E-08.

6.9E-09. and 2.7E-09 per year. respectively.

TOTH-4 is an accident sequence which involves a transient other than loss.

of main feedwater followed by failure of long-term decay heat removal and
,

failure of the SIS. The EFWS is used during the early phase of. plant
cooldown to remove decay heat from the RCS. Once SCS entry conditions are

met, long-term decay heat removal is normally initiated to continue the
cooldown process. This function is not accomplished for this sequence
because of failure of the SCS during initiation or during operation and
makeup to the emergency feedwater storage tanks is not provided. Without
the added makeup the EFWS cannot continue the decay heat removal process.

Failure of long-term decay heat removal using the SCS and the EFWS would

then cause operator to initiate " feed and bleed" However for this
,

sequence, the SIS also fails and " feed" cannot be accomplish. ' As a

result, the decay heat removal process is terminated and core damage
eventually occurs. The dominant contributors to this sequence are: (1)
common cause failure of safety injection line check valves. (2)
independent failure of CST make-up valve (check or manual), and (3)
operator fails to align CST to EFW storage tanks.

TOTH-5 is an accident sequence which involves a transient other than loss.

of main feedwater followed by failure of long-term decay heat removal and
failure of the SDS. This sequence is similar to TOTH-4 except that
" bleed" fails instead of " feed" The dominant contributors to this
sequence are: (1) common cause failure of the SCS suction valves. (2)
failure of the CST make-up valve (check or manual). (3) operator fails to
initiate " feed and bleed". (4) common cause failure of the " feed and

,
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bleed" valves, and (5) operator fails to align CST to EFW storage tanks.

TOTH-9 is an accident sequence which involves a transient other than loss.

of main feedwater followed by failure of the EFWS the Startup Feedwater
System-(SFWS), and the SDS. The inability to deliver feedwater to the !

steam generators terminates the preferred means of removing decay heat.
;

" Feed and bleed" operation then becomes the next alternative for removing
heat from the core. Both the " feed" portion and the " bleed" portion must
function for this operation to be successful. For this sequence, the SDS
also fails to provide " bleed" and therefore all mean of removing decay
heat from the core is lost. Consequently, core damage eventually occurs.
The dominant contributors to this sequence are: (1) common cause failure
of the EFW distribution line check valves. (2) common cause failure of the
EFW pump discharge check valves. (3) failure of the start-up feedwater
pump to start, and (4) operator fails to initiate " feed and bleed"

ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS) EVENTS

;

Two dominant accident sequences were identified for ATWS events. ATMS-29 an1
ATHS-9. The calculated frequencies for these accident sequences are 4.7E-08 and

2.1E-09 per year, respectively.

ATWS-29 is an accident sequence which involves a transient without '
.

scramming the reactor in conjunction with an adverse moderator temperature
'

'
coefficient (MTC). For this sequence, the MTC is not negative enough to
reverse by reactivity feedback the increasing temperature and pressure of
the RCS. As a result the reactor vessel eventually fails.

ATWS-9 is an accident sequence which involves ATWS followed by successful.

delivery of emergency feedwater to the steam generators, failure to
deliver borated water to the RCS. and failure of " bleed" operation.
Failure to borate the RCS prohibits the ability to decrease the
reactivity. and therefore reactivity control cannot be accomplished. The '

failure of " bleed" prevents the depressurization of the RCS to allow the
injection of borated water by the safety injection pumps. The dominant
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contributors to this sequence are: (1) operator fails to initiate boron
delivery via the CVCS. (2) operator fails to initiate " feed and bleed",
and (3) common cause failure of the " bleed" valves,

-LOSS OF 0FFSITE POWER (LOOP)/ STATION BLACKOUT (SBO) EVENTS

Three dominant accident sequences were identified for LOOP /SB0 events. LOOP-12. '

LOOP-9, and SBO. The calculated frequencies for these sequences are 1.3E-08,
3.8E-09.. and 2.1E-08 per year respectively.

LOOP-12 is an accident sequence which involves a loss of offsite power.

followed by failure of the primary safety valves to reseat and failure of ;

the SIS. Because of the pressure transient associated with this LOOP
,

event. the primary safety valves open to relief primary pressure. ,

However, the valves do not re-seat as required and a PSV induced LOCA '

occurs. The SIS would normally provide makeup for the lost reactor
coolant under these conditions. but the SIS also fails and consequently
core damage eventually occurs. The dominant contributors to this sequence
are: (1) failure of the primary safety valves to re-seat. (2) common cause
failure of the safety injection line check valves. (3) common cause
failure of the safety injection line motor valves, and (4) common cause [
failure of the safety injection pumps to start or to run. .

LOOP-9 is an accident sequence which involves a loss offsite power.

followed by failure of the EFWS, and failure of the SDS. ' For this :

sequence, the primary safety valves open and re-seat as required following
the plant trip. Because the EFWS has failed, the removal of decay heat

'from the reactor core via the steam generators cannot be accomplished.
" Feed and bleed" would be the next means of removing decay heat, but the

SDS also fails. " Bleed" is not accomplish because of SDS failure. As a
result, all means of removing decay heat from the core is now lost and
core damage eventually occurs. The dominant contributors to this sequence *

are: (1) common cause failure of the EFW distribution line check valves.
(2) common cause failure of the EFW pump discharge check valves. (3)
operator fails to initiate " feed and bleed", and (4) common cause failure

_

:
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of the " bleed" valves.

SB0 is treated as a special LOOP event. For this ever,t. the offsite power.

sources, the onsite emergency diesel generators, and the alternate AC
source are unavailable. Therefore the only mitigating system available
is the EFWS, using the turbine-driven pumps. After eight hours the

,

batteries would be depleted if an AC power source is not restored. Once
the batteries are depleted, long-term decay heat removal would be
terminated and core damage eventually occurs. The dominant contributors :

to this sequence are: (1) common cause failure of the emergency diesel '

generators on demand. (2) failure to start and load standby AC source. (3)
common cause failure of DG sequencers, and (4) failure of the emergency
diesels to start and load.

LOSS OF HVAC EVENTS

,

One dominant accident sequence was identified for loss of HVAC events. LHV-5. .

The calculated frequency for this accident sequence is 3.6E-09 per year.

LHV-5 is an accident . sequence which involves loss of one division of HVAC.

follo ed by failure of long-term decay heat removal and failure of SDS.
The emerg?ncy and startup feedwater systems are used to remove decay heat '

from the RCS until shutdown cooling entry conditions are met. Once

shutdown coeling conditions are met. the SCS would then be used to remove

decay heat. However for this sequence, the SCS fails either during
initiation or during operation and the EFWS cannot continue to remove
decay heat because makeup to the emergency feedwater storage tanks is not '

provided. Failure of the feedwater and shutdown cooling systems causes
the preferred means of removing decay heat to be lost. " Feed and bleed"

would then be the alternate means of removing decay heat from the core.
The SDS is used to provide the " bleed" function in the " feed and bleed"
coeration, but this system also fails. Failure of both the preferred and
toe alternate means of removing decay heat eventually causes core damage

,

| to occur. The dominant contributors to this sequence are: (1) common
cause failure of the " bleed" valves. (2) operator fails to initiate " feed

t
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and bleed". (3) failure of the SCS suction valve (4) failure of the CST- -

,

makeup valve (check or manual), and (5) operator fails to align CST to EFW
storage tanks.

;

LARGE SECONDARY SIDE BREAK (LSSB) EVENTS
'

.

One dominant accident sequence wcs identified for LSSB events. LSSB-9. The
,

calculated frequency for this seque1ce is 2.2E-09 per year.
.

LSSB-9 is an accident sequence which involves a large secondary side break - ;.

event followed by failure of the EFWS and failure of the SDS. For this-
sequence, the EFWS fails to deliver feedwater to the intact steam
generator. If decay heat cannot be removed via the steam generator, the

" feed and bleed" would be the next alternative. Both the " feed" portion
and the " bleed" portion must operate successfully to remove decay heat. '

The SOS which performs the " bleed" operation also fails in this sequence.
The removal of decay heat from the core is therefore terminated and core

,

damage eventually occurs. The dominant contributors to this sequence are.

(1) common cause failure of the EFW distribution line check valves. (2)
common cause failure of the EFW pump discharge check valves. (3) operator-

fails to initiate " feed and bleed". and (4) common cause failure of the
" bleed" valves.

,

15.2.1.3 Risk-Reduction Design Features

The System 80+ possesses several features, as described in Section 15.1.1. that
7

are beneficial to reducing the frequency of core damage. The major reduction in ;

core damage frequency (CDF), when compared with System 80, are associated with:

LOOP /SB0 events (CDF reduced from 3.8E-05 to 4.0E-08).

Transient (loss of main feedwater and other transient) events (CDF !.

reduced from 1.2E-05 to 5.9E-07) i

,
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Steam generator tube rupture events (CDF reduced from 1.1E-05. to.

2.9E-07)

Small LOCA events (CDF reduced from 9.4E-06 to 2.0E-07).

ATWS events (CDF reduced from 4.8E-06 to 5.4E-08).

The following features of the System 80+ design are the major contributors to the :

reduction of the core damage frequency (with respect to the System 80 design) for
the above categories of internally imitated events.

LOOP /SB0 - multiple offsite power sources. alternate standby AC*

power source. dedicated batteries for each emergency diesel
,

generator, four trains of emergency feedwater (two with turbine-
driven pumps), turbine-generator capable of running back to hotel
loads.

Transients - four trains of emergency feedwater (two with turbine-.

driven pumps), redundant sources of emergency feedwater. high
reliable normally running component cooling water / station service
water systems, separate startup feedwater system (actuated before
EFWS), turbine generator capable of running back to hotel loads, two
redundant and diverse emergency feedwater actuation systems, once
through cooling capability (" Feed and Bleed").

Steam gcnerator tube rupture - four trains of emergency feedwater.

system (two wi+n turbine-driven pumps). four trains of safety
injection, once 'hrough cooling capability (" Feed and Bleed").

.

Small LOCA - In-containment refueling water storage tank (eliminated.

,he need for switch-over of pump suction). four trains of emergency
feedwater system (with two turbine-driven pumps), four trains of
safety injection system. once through cooling capability (" Feed and
Bleed").

P
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ATWS - larger pressurizer, larger steam generators. safety*

depressurization system, diverse protection system.

?
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Table 15.2-2

CORE DAMAGE FREQUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEQUENCES ,

BY INITIATING INTERNAL EVENT

MEAN CORE DAMAGE
FREQUENCYCONTRIBUYlOrl

SEQUENCE ERROR
'

NUMBER SEQUENCE EVENTS / YEAR FACIOR
.

LOFW-9 (LOFW)(Emergency Feedwater Fails)(Safety Depressuri- 4.6E-07 5.4 -

zation for Bleed Fails) ;

,

SGTR-17 (SGTR)(Injection Fails)(Agressive Secondary Cooldown 2.7E-07 18.9 |
Fails)

SL-ll (SLOCA)(Safety Injection Fails)(Agressive Cooldown 1.6E-07 17.9

Fails)

M L2-3 (Medium LOCA 2)(Safety injection Fails) 1.6E-07 5.1

M L1-3 (Medium LOCA 1)(Safety injection Fails) 1.4 E-07 5.6

LL-3 (LLOCA)(SITS Inject OK)(Safety Injection FaJs) 1.1 E-07 5.3

VR Vessel Rupture 1.0E-07 10.0

TOTH-4 (Other Transients)(Deliver Feedwater OK)(leng-term 6.9E-08 7.5
Decay lleat Removal Fails)(Safety injection for Feed Fails)

ATWS-29 (ATWS)(Adverse MTC) 4.7E-08 8.5

LOFW-4 (LOFW)(Emergency Feedwater OK)(long-term Decay IIcat 3.6E-08 6.9
Removal Fails)(Bleed OK)(Safety Injection for Feed Fails) i

SBO Station Blackout with Battery Depletion 2.1 E-08 9.2

LOFW-8 (LOFW)(Emergency Feedwater Fails)(Bleed OK)(Safety 2. l E-08 4.5 ,

injection for Feed Fails)

SGTR-16 (SGTR)(Safety Injection Fails)(Agressive Cooldown OK) 1.5 E-08 9.2
(RHR Injection Fails)

LOOP-12 (LOOP)(PSV Fails to Rescat)(Safety Injection Fails) 1.3E-08 8.5

t-
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Table 15.2 2 (Cont'd)

CORE DAM AGE FREQUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEQUENCES '
BY INITIATING INTERNAL EVENT

.

MEAN CORE DAMAGE
FREQUENCYCONTRIBUTION i

SEQUENCE ERROR
NUMBER SEQUENCE EVENTS / YEAR FACIDR

Stcl0 (SLOCA)(Safety injection Fails)(Agressive Cooldown OK) 9.0E49 8.3
(RliR Injection Fails) ';

SL-4 (SLOCA)(Safety injection OK)(Deliver Feedwater OK) 8.9E49 5.4
(leng-term Decay lleat Removal Fails)(Safety Depress-
urization - Bleed Fails)

,

TOTii-5 (Other Transients)(Deliver Feedwater OK)(Long-term 6.9E49 7.5 ,

Decay IIcat Removal Fails)(Safety Depressurization Fails)

SGTR-12 (SGTR)(Safety injection OK)(Feedwater Fails)(Safety 6.3E-09 7.5
Depressurization - Bleed Fails)

LOFW-5 (LOFW)(Emergency Feedwater OK)(long-term Decay licat 5.6E-09 9.3
Removal Fails)(Safety Depressurization for Bleed Fails)

,.

LL-4 (LLOCA)(SITS Fail to Inject) 4.7E-09 6.3

SGTR-9 (SGTR)(Safety injection OK)(Deliver Feedwater OK)(RCS 4.4 E-09 12.0

Pressure Control Fails)(SG not Isolated)(Failure to
Refill IRWST)

LOOP-9 (LOOP)(Failure to Deliver Emergency Feedwater)(Safety 3.8E-09 9.1 '

Depressurization for Bleed Fails)
.

L11V-5 (LliVAC)(Deliver Feedwater OK)(Long-term Decay Heat 3.6E-09 17.2
Removal Fails)(Safety Depressurization for Bleed Fails) ;

TOTil-9 (Other Transients)(Feedwater Fails)(Safety 2.7E-09 7.1
Depressurization Fails) i

,

LSSB-9 (LSSB)(Safety injection OK)(Failure to Deliver Feedwater) 2.2E-09 15.5
(Safety Depressurization for Bleed Fails)

ATWS-9 (ATWS)(PSVs Open and Re-close OK)(No Consequential 2. l E-09 17.6
SGTR)(Deliver Feedwater OK)(Failure to Deliver Boron
by Charging Pumps)(Safety Depressurization Fails)
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Table 15.2-2 (Cont'd)

CORE I)AM AGE FREQUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEQUENCES !

BY INITIATING INTERNAL EVENT

MEAN CORE DAMAGE
'

FREQUENCYCONTRIBUTION -

SEQUENCE ERROR
NUMBER SEQUENCE EVENTS / YEAR FACIOR

SGTR-15 (SGTR)(Safety injection Fails)(Aggressive Cooldown 1.2E-09 13.3
OK)(SCS Injection OK)(Unisolable Leak in Ruptured
SG)(Failure to Re-fill IRWST)

!

I

.[

.

;

,

i
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15.'.1.4 Insight.s from the Uncertainty, Sensitivity. and Jmportance Analyses2

15.2.1.4.1 Insights from the Uricertainty Analysis

The System 80+ PRA results for internal events, as presented Table 15.2-2 of this
report, are summarized in terms of mean value and associated error factor which
is a measure of the uncertainty. (The error factor is the average ratio between >

the 95" percentile to the 50"' percentile and the 50 " percentile to the 5tht

percentile.) The first 14 accident sequences listed in Table 15.2-2 contribute
,

more than 90% of the overall total core damage frequency for internal events of
the System 80+ design. The magnitude of uncertainties that characterize the
first 14 dominant accident sequences is shown in Table 15.2-3. This table lists
the dominant core damage sequences, the mean core damage frequency and associated |
error factor for each of the dominant core damage sequences, the major
contributors to each dominant sequence, and the error factor associated with each

of the major contributors. The major insights from the uncertainty analysis are
listed below: |

The majority of the major contributors to the dominant accident.

sequences have relatively small uncertainties (i.e. error factor ;

less than 10) associated with them.

A few of the major contributors to the dominant accident sequences -.

have relatively large uncertainties (i.e. . error factor of 10 or
greater). The contributors with large uncertainties included :

hardware failures such as common cause failure of the safety
injection pumps (EF = 16.1), common cause failure of the emergency
DG sequencers (EF = 11.2). independent failure of the CST manual
makeup valve (EF = 15), and vessel rupture (EF = 10.0). The human
errors with large uncertainties include operator fails to initiate
" feed and bleed" (EF = 11.7). operator fails to perform aggressive
secondary side cooldown following SGTR (EF = 15.0), and operator
fails to perform aggressive cooldown following a small LOCA (EF =
16.6).

.
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The hardware failures and human errors with large uncertainties.

associated with them are the major contributors to the uncertainty
associated with the calculated core damage frequency for internal
events.

15.2.1.4.2 Insights from Level I Sensitivity Analyses

Several cases of sensitivity analyses were preformed for the System 80+ design
to determine what impact, if any, the following issues would have on the core
damage frequency. The sensitivity insights are summarized in Table 15.2-4.

OVERALL OPERATOR ERROR RATE

The probability that the operator fails to perform a specified task was
determined using the SHARP * methodology. It has been shown in previous PRAs
that the core damage frequency can be sensitive to human error probabilities.
As a result. a sensitivity was performed to determine the impact on the core
damage frequency for internal events. All operator error probabilities and non-
recovery probabilities were increase by a factor of 10 and the total core damage
frequency for internal events was then requantified. The results for thi-s case
are presented in Table 15.2-4 as case No. 1. For this case, the results show

that the "present" core damage frequency would increase by a factor of
approximately 6. This implies that the core damage frequency for the System 80+
design is somewhat sensitive to operator error prebabilities.

CONTROL ROOM RESPONSE

Several types of operator actions are performed during the progression of an
accident sequarice. Actions are performed inside the control room as well as
outside the control room. An issue has arisen regarding the capability of the
operator to perform mitigating actions outside the control room once an accident
or transient has occurred. To address this issue. a sensitivity analysis was

| performed which credited only the operator actions that took place from the
control room. The results. case No. 2 of Table 15.2-4. show that the "present"
core damage frequency would increase by a two orders of magnitude. Consequently.
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:

1the' System 80+ design is extremely sensitive to operator actions which are . ,I

performed outside the control room during the progression of an accident {
sequence. :

!

MOTOR-OPERATED VALVE FAILURE RATE !
:

~

A large number of motor-operated valves are used in safety related systems of the
System 80+ design. In general, these valves are required to change position in !
order for the systems to perform their safety related functions. There has been :

concern that the failure rates of motor-operated valves have been under - >

estimated. Consequently, a sensitivity analysis was performed to address this
issue. The results for this case are presented in Table 15.2-4 as case No. 3.

,

The results show that the "present" core damage frequency would increase by a {
factor of approximately 3 and the core damage frequency for internal events is !
not highly sensitive to the failure rates of motor-operated valves.

SITS FOR MEDIUM LOCA
4

,

For the System 80+ PRA, a best-estimate thermo-dynamic analysis was performed i

to confirm the belief that the Safety Injection Tanks (SITS)'were not needed to .I
prevent core damage following- a medium LOCA event. .In previous PRAs. it was
assumed that three of the four SITS must inject to prevent core.. damage from
occurring following a large or medium LOCA event. This assumption is included
only in the large LOCA model and not in the medium LOCA models, and a sensitivity

;

analysis was therefore performed to address this issue. The results for _ this ,

case are pre.sented in Table 15.2-4 as case No. 4. There were no measurable .j
changes in-the "present" core damage frequency when the SITS were credited for ;

preventing core damage following a medium LOCA event. The System 80+ design is
|

not sensitive to this issue.
!

FEASIBILITY OF AGGRESSIVE SECONDARY SIDE C00LDOWN

For small LOCAs and Steam Generator Tube Ruptures (SGTRs), it was assumed that }
if safety injection was not available for inventory control, the RCS could be ;

depressurized via a rapid cooldown of the secondary side then aligning the SCS

15-36
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|

|
,

pumps to provide injection for RCS irventory control. This assumption was based I

on analyses for the System 80 plants documented in CEN-239"" A confirmatory
analysis was performed to demonstrate that these analyses are applicable to the ,

System 80+ design. However, the impact on core damage if aggressive cooldown is 1

not feasible still remained an issue and was therefore addressed via sensitivity
analysis. The results for this case are presented in Table 15.2-4 as case No. |

'5. The results indicate that the "present" core damage frequency would increase
by a factor of approximately 5. and the System 80+ PRA results for internal
events are not highly sensitively to the ability to perform aggressive cooldown -

of the secondary side following a small LOCA or SGTR event. ;

/

RCP SEAL FAILURE FOLLOWING STATION BLACK 0UT EVENT

With a loss of station AC power (Station Blackout). cooling water to the seals .

of the Reactor Coolant Pump (RCP) will be lost. The NRC has postulated in their .

evaluation of Station Blackout" that under these conditions, the seals will
begin to degrade and gross seal leakage on the order of several hundred gallons !

per minute may occur. The CEOG contends that this in not credible for pumps used !
in C-E plants " . A sensitivity analysis was performed to assess the impact on ,

core damage frequency if there is a finite probability that the System 80+ RCP ,

seals will fail following a Station Blackout (SBO) or loss of cooling water
event. '

i

i

In the System 80+ PRA, SB0 is defined as a Loss of Offsite Power (LOOP) with j
demand failure of both emergency diesel generators and failure of the standby AC
power source. If following an SBO, RCP failures occur, core damage can be
prevented if offsite power is restored and the injection pumps are started before
the core is uncovered. The available time to recover offsite power is a function !
of the RCP seal leak rate, For this sensitivity analysis, it was assumed that

,

the RCP seal leak rate was such that the time available to recover-offsite power
before the core would become uncovered was one hour.

Loss of component cooling water, as an initiating event. will also result in the ,

loss of cooling water flow to the seals of two of the four RCPs. The results for ,

this case are presented in Table 15.2-4 as case No. 6. ;

,

15-37p
:

. . _. . . . ..



. - - - - . . - _ - . .-- - . - - . .

-r

i

!. -

*The modeling and -quantification of the effects of RCP. seal failure on core damage
frequency show that the "present" core damage frequency for internal events would |
increase by 'less ' than 1%. Thus, the System 80+ core damage frequency for' I

internal events is not sensitive to RCP seal failure following a SB0 or loss of
.

cooling water event. !

:

COMPONENTS UNAVAILABLE DUE TO MAINTENANCE ,

:
Components in safety related systems are periodically tested per technical |
specification requirements. In some cases, the components may be unable to '

perform their safety related function during the test. In addition. if the
component is found to be failed during the test.. it is taken out of service for
maintenance. While the component is out of service for maintenance, it is unable ;

to perform its safety related function. Component unavailability due to test and
.

maintenance was included in the System 80+ PRA models.. A sensitivity analysis .

was performed to evaluate the impact on core damage frequency if it was assumed [
that all components were able to perform their safety related function while in |

'

test and that no maintenance was performed on safety related equipment while the-
* * *plant was at power.

e

The results for this case are presented in Table 15.2-4 as case No. 7. The !
results show that the core damage frequency for internal events did not change! l

from its "present" value.- 1
.i

b

ADVERSE MTC

+

An ATWS is an event in which an anticipated transient occurs but the reactor is
not shutdown by automatic insertion of the control rods. One factor that :

influences the progression of an ATWS event is the Moderator Temperature
Coefficient (MTC). If the MTC is more positive than a calculated critical value. ;

the peak RCS pressure will exceed the level C stress limit pressure and a' non- |

mitigatable LOCA is assumed to occur. For System 80+. the critical MTC was |
calculated to be -0.30E-4 op/ F. For MTC values more positive than -0.30E-4 I

op/ F. the peak RCS pressure will exceed the level C stress limit pressure if
. less than tree PSVs open. For System 80+. it has been determined that the MTC
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!

value should be less than -0.30E-4 op/ F for 99% of the core life. The dominant i

ATWS core damage sequence is _(ATWS occurs) AND (MTC is adverse). A sensitivity j

analysis was performed to assess the impact on core damage frequency if the MTC |
was found to be adverse over a larger fraction of the core life.

.

The results for-this case are presented in Table 15.2-4 as case No. 8. The i

results show that the "present" core damage frequency for internal events would
increase by a factor of 1.3. This indicates that the System 80+ core damage
frequency for internal events is not very sensitive to the adverse MTC |
probability. [

t

LOSS OF OFFSITE POWER FREQUENCY |
|

!
For the System 80+ PRA, the core damage frequency contribution attributable to |

!events initiated by LOOP was calculated to be 2.0E-08 per year. This represents
approximately 1% of the total core damage frequency for internal events. In past i

PRAs, the core damage frequency attributable to LOOP has been greater in both !

absolute value and relative contribution to the total. There are a number of I

reasons for the reduction in the core damage frequency contribution for LOOP for i

System 80+. These include: (1) the capability of the main turbine / generator to
;

' irunback and pickup hotel load on loss of offsite power. (2) two separate
switchyards for incoming power, (3) a four train EFW system with two 100% ;

- capacity turbine driven pumps (4) 6 vital batteries which provide an 8 hour ;

coping capability, and (5) a standby combustion turbine which can backup the
emergency diesel generators.

;

.!
Based on the first three features, a LOOP initiating event was defined as a loss
of site power which required the startup and loading of the emergency diesel |

f

generators. The LOOP frequency calculated for System 80+ is 5.0E-3 per year. |
This is almost an order of magnitude lower than a LOOP frequency based purely on :

the failure of the grid. This value, as presented in the KAGm. is 3.5E-2/ year, i

A sensitivity analysis was performed to determine the impact on the "present" |
| core damage frequency if the LOOP frequency was increased by an order of j

magnitude. The results for this case are presented in Table 15.2-4 as case No. l

9. The results show that the core damage frequency would increase by ;
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approximately 18%. This indicates that the System 80+ overall core damage. .|
frequency is'somewhat sensitive to the frequency of LOOP. '

s

An additional LOOP sensitivity analysis was performed to evaluate'the effect of. !
changing the base Loss of Grid frequency from 0.035 per year to 0.15 per year. |
The effective System 80+ LOOP frequency for this case was 2.32E-2 per year as - [
opposed to the base . case frequency of 5.0E-3 per. year. For this case. .the j
"present" core damage frequency, shown as case No. 9A in Table 15.2-4. would

'

increase by approximately 7% which is not significant. ;

i

'

VESSEL RUPTURE

|
.

Vessel rupture was originally evaluated in WASH 1400. It is typically defined :

as a rupture of the vessel or a large LOCA in excess of the ECCS capabilities. |

Vessel ruptvee is assumed to directly lead to core damage. This event and its
7

initiating fre luency have essentially been accepted as is since WASH 1400 because !

it has little impact on the overall core damage frequency for existing plants.
,
.

However. it contributes approximately 6% of the core damage frequency for [
internal events. With current materials and current manufacturing methods, it j

.

has been questioned as to whether or not vessel rupture is a credible event for: !

an ALWR. A sensitivity analysis was therefore performed to evaluate the impact- f
on plant core damage frequency if vessel rupture was assumed not to be credible. -. f
As expected; the "present" core damage frequency for. internal events' would -
decrease. by approximately 6%. The results for this case are presented in Table
15.2-4 as case No. 10A. -!

!
!

'
COMMON CAUSE FAILURES

,

As shown in Section 15.2.1.4.3, the System 80+ plant core damage frequency for.
internal events is dominated by common cause failures. It has been contended

,

that with: (1) complete divisional separation. (2) improved staff training, and [
'

(3) improved maintenance techniques and proper selection of components: the l
potential for common mode failure can be essentially eliminated. A sensitivity.
analysis was performed to evaluate the impact on plant core damage frequency of .

the assumption that all common mode failures except for diesels and batteries 'i
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were eliminated. The results for this case are presented as case No.10B of
'

Table 15.2-4. The results of this analysis .show that the "present" core damage
frequency would decrease by a factor of approximately 8. This is somewhat of a ;

modest decrease. Combining the assumptions that vessel rupture is not credible
and that common mode failure of equipment other than the diesel generators and.

batteries are not credible would decrease the "present" core damage frequency by
a factor of 14. The combined impact of these two assumptions on core damage :

frequency would be significant.
:

,

15.2.1.4.3 Insights from the Importance Analyses

Importance analyses were performed at the system level and the component level
for the System 80+ design. At the system level, the risk achievement and risk
reduction measures of importance were calculated for the mitigating systems of
the System 80+ design. The risk achievement worth is expressed as the ratio
giving the factor by which risk increases due to the system of concern not being
available. Likewise, the risk reduction worth is a measure of the risk that

would be reduced by decreasing the unavailability of the system to zero (i.e. ,
the system is always operating or is operable when demanded). The system level
measure of importance are provided in Table 15.2-5. The results are sorted on
the risk achievement measure, with the most important system (highest risk
achievement worth listed first followed by the next and the least important !

(lowest risk achievement worth) listed last. Some insights gained from the
system level importance analyses are listed below:

The systems that would adversely impact (increase) the overall core.

damage frequency for internal events the most include the electrical
distribution system, the emergency feedwater system, the safety
injection system, and the component cooling water / station service ;

water systems.

:

The system that would be the most beneficial (i.e. , system with a.

'

high reliability) in reducing the overall core damage frequency for
internal events is the emergency feedwater system followed by the
safety injection system and then the safety depressurization system.
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Several importance measures were also calculated for the events of the System 5
PFM The calculated component importance measures are:

FUSSELL-VESELY - The Fussell-Vesely importance gives the risk.

associated with a given component or event. This importance measure

determines how much the component is contributing to the overall j
core damage frequency.

BIRNBAUM - The Birnbaum importance measures the difference in core.

damage frequency with and without the occurrence of an event. The
Birnbaum gives the increase in risk associated with the failure of
a component.

'

CRITICALITY - The Criticality importance measure gives the core.

damage frequency that the system failure is a result of the failure
of a critical component.

RISK ACHIEVEMENT WORTH - The Risk Achievement Worth is expressed as.

a ratio giving the factor by which risk increases due to a component
not being available.

RISK REDUCTION WORTH - The Risk Reduction Worth is a measure of the.

risk that would be reduced by reducing the unavailability of the
component of interest to zero.

UNCERTAINTY IMPORTANCE - The Uncertainty Importance is the measure.

| of the standard deviation about the mean frequency. By reducing the
uncertainty of a given event, the uncertainty of the overall core

; damage frequency will also decrease. This importance measure
identifies those events whose uncertainty contributes the most to
the overall core damage frequen y.

The importance measures are calculated to analyze how each event iafluences the
overall core damage frequency and to analyze how the events ranks against one
another.
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A list of component importance measures is presented in Table 15.2-6. The

components are sorted according to their risk achievement worth. The most .

important (highest risk achievement worth) component is listed first followed by
the next important component. Finally. the least important (lowest risk
achievement worth) component is listed last. The following general insights are
provided for the component importance measures:

Of the top fifty components listed, with respect to risk achievement.

worth, common cause failures are the most important category (36).
followed by initiating events (8). then independent faults (3), and
then human errors (3).

Because of the redundancy and diversity of the mitigating systems.. >

independent faults are not the most important (high risk achievement

worth) events that would adversely impact the core damage frequency
for internal events.

Common cause failures of Electrical Distribution System components.

are important (high risk achievement worth) events. These events

include: (1) common cause failure of the 125 VDC class 1E buses. (2) i

common cause failure of the 480 VAC load center transformers. (3)
common cause failure of the 416 KV class 1E buses. (4) common cause
failure of 480 VAC class 1E load centers, and (5) common cause

,

failure of 480 VAC motor control centers.

Common cause failures of the distribution line check valves and the.

pump discharge check valves in the Emergency Feedwater System are
also important (high risk achievement worth) events.

Several operator errors also have high risk achievement worth. Such-. .

events include: (1) operator fails to initiate hot-leg injection.
,

(2) operator fails to align the CST to the emergency feedwater
storage tanks, and (3) operator fails to initiate " feed and bleed"

l

The most important (high risk achievement worth) independent faults.
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are associated with failure of the CST valves. These valves are
used primarily to provide makeup to the emergency feedwater storage |

Itanks in order to continue and mair:!ain the decay heat removal from
the reactor core.

Loss of main feedwater is the most important (highest risk reduction. .

worth) event in terms of reducing the "present" core damage
frequency for internal events.

.

Common cause failure of the safety injection line check valves.
;

(which are used during safety injection. SCS injection, and shutdown ;

cooling operations) is the next important event in terms of risk
reduction. The "present" core damage frequency of internal _ events
would decrease by approximately 31%. if common cause failure of the
safety injection line check valves never occurred.

Operator errors also play a big part in reducing the "present" core*

damage frequency for internal events. The most important operator
errors in terms of risk reduction worth are: (1) operator fails to

..|provide aggressive cooldown following a steam generator tube rupture
event - 23% reduction, (2) operator fails to provide aggressive
cooldown following a small LOCA event - 20% reduction, and (3)
operator fails to initiate " feed and bleed" - 20% reduction.

.
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Table 15.2-3
;

Major Contributors to the Uncertainty of CDF (Internal Events) for System 80+

DOMINANT MEAN EF MAJOR CONTRIBUTORS

SEQUENCE CDF/yr
Description EF

LOFW-9 4.6E-07 5.4 Loss of main feedwater event 3.0

Comrnon cause failure of EFW distribution line check valves 3.2

Common cause f ailure of EFW pump discharge check valves 3.2

Common cause failure of * bleed" valves 1.6

Operator f ails to irstiate " feed and bleed" 11.7

SGTR-17 2.7 E-07 18.9 Steam generator tube rupture event 5.0

Common cause failure of safety injection line check valves 3.2

Common cause failure of safety injection line motor valves 1.2

Common cause failure of safety injection pumps to start 16.1

Common cause failure of safety injection pumps to run 5.8

Operator fails to perform aggressive secondary side cooldown 15.0

SL.11 1.6E-07 17.9 Small LOCA event 5.0

Common cause failure of safety injection line check valves 3.2

Common cause failure of safety injection Ene motor valves 1.2

Common cause failure of safety injection pumps to run 5.8

Common cause failure of r : ity injection pumps to start 16.1

Operator faits to perform aggressive cooldown 16.6

ML2-3 1.7E-07 5.1 Medium LOCA 2 event 5.0
'

Common cause f ailure of hot-leg injection valves 1.6

Common cause failure of safety injection line check valves 3.2

Common cause failure of hot leg check volves 3.2

Common cause failure of safety injection line motor valves 1.2

Operator fails to initiate hotleg injection 4.1

ML1-3 1.4E-07 5.6 Medium LOCA 1 event 5.0

Common cause failure of hotleg irsection valves 1.6

Common cause failure of safety injection Ene check valves 3.2

Common cause failure of hot 4eg check valves 3.2

Common cause failure of sof sty injection line rnotor valves 1.2

Operator fails to initiate hot 4eg injection 4.1

i
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Table 15.2-3 -

Major Contributors to the Uncertainty of CDF (Internal Events) for System 80+ #

,

,

DOMINANT MEAN EF MAJOR CONTRIBUTORS

SEQUENCE CDF/yr
Description EF

LL 3 1.1 E-07 5.3 Large LOCA event 5.0

Common cause failure of safety injectbn the check valves 3.2

Common cause f ailure of safety injectio.. lir o rnotor valves 1.2

Common coaue failure of hot-leg check valves 3.2

Common cause failure of hot-leg injection valves 1.6

Operator fails to initiate hot-leg injection 4.1

VR 1.0E-07 10.0 Vessel rupture event 10.0

TOTH-4 6.9 E-08 7.5 Transient event other than loss of main feedwater 3.0 1

Comrnon cause failure of safety injection line check valves 3.2 [
CST manaul makeup valve fails to open 15.0

CST makeup check valve fails to open 3.2

Operator fails to align CST to EFW storage tanks 3.4

ATWS 29 4.7E48 8.5 ATWS event 6.3

Adverse moderator temperature coefficient 3.0

LOFW-4 3.9E48 6.9 Loss of main feedwater event 3.0

Common cause failure of safety injection line check valves 3.2 *

CST manual makeup valve fails to open 15.0

CST makeup check valve fails to open 3.2

Operator fails to align CST to EFW storage tanks 3.4

,

SBO 2.1 E-08 9.2 Loss of offsite puwer event 5.0

Common cause demand failure of the emergency DGe 3.2

Common cause failure of DG sequencers 11.2 ;

Common cause failure of DG room dampers 2.3 i

Emergency DG fails to start 3.2

Failure to start and load standby AC power 3.0 -

,

Operator fails to recover offsite power in 10 hours 1.0

i

>

I

,

15-46
c

e



_

;

Table 15.2-3

Major Contributors to the Uncertainty of CDF (Internal Events) for System 80+

DOMINANT MEAN EF MAJOR COS TRIBUTORS

SEQUENCE CDF/yr
Descriptio1 EF

LOFW-8 2.1 E48 4.5 Loss of main feedwater event 3.0

Common cause failure of EFW distribution line check valves 3.2

Conwnon cause f ailure of EFW pump discharge check valves 3.2

Conwnon cause failure of safety injection line check valves 3.2

Common cause f ailure of safety injection line motor valvee . 1.2

Common cause failure of safety injection pumps to run 5.8

SGTR-16 1.5E 08 9.2 Steam generator tube rupture event 5.0

Common cause failure of safety injection line check valves 3.2

Common cause failure of safety injection pumps to run 5.8

Common cause failure of safety injection pumps to start 16.1

Operator fails to elign SCS for injection 4.0
,

LOOP-12 1.3 E-08 8.5 Loss of offsite power event 5.0

Failure of primary safety valve to ressat 3.0

Common cause f ailure of safety injection line check valves 3.2
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Table 15.?-4 -

SUMMARY OF SYSTEM 80+ PRA SENSITIVITY ANALYSIS RESULTS
2

CASE DESCRIPTION MODELED AS PRESENT SENSITIVITY CHANGE
No. CDF CDF FACTOR

:

1 Operator Error Rate - General increase all operator error rates by factor of 10 1.7E-06 9.8E-06 5.9
_

2 Operator Error Rate - Control Room Set operator error rate for all actions performed 1.7E-06 1.8E-04 108.4
,

; Response outside of the control room to 1.0

3 Motor-Operated Valse Failure Rate ir. crease generic failure rates for all MOV failures by 1.7E-06 5.7E 05 3.4 f
'

factor of 10. Increase MOV common cause failure,

.

rates by factor of 10.
'

4 SIT Injection for Medium LOCA Add SIT injection failure cutsets for MLOCA1 and 1.7E-06 1.6E 06 -

MLOCA2 based on large LOCA SIT f ailure

5 Aggressive Secondary Cootdown not Delete Small LOCA sequences 9 and 10 and SGTR 1.7E-06 7.7 E-06 4.6
Feasible sequences.15 and 16. Set operator error rate for

failure to initiate aggressive secondary cooldown to

| 1.0

6 RCP Seal Failure on Station Blackout or Create models for core damage due to RCP seal 1.7E-06 1.7E.06 -

Loss of Sealinjection or Seal Cooling failure on SBO and Loss of Component Cooling !
'

Water
,

7 Components Unavailable Due to Set unavailability due to test and maintenance to 1.7E 06 1.7E 06 - i

Maintenance 0.0 for all components
,

8 Adverse MTC More Probable inc ease mobability of having an adverse MTC 1.7E-06 2.1 E-06 1.3
when an ATWS occurs by a factor of 10

9 LOOP Frequency higher increase LOOP frequency by factor of 10 1.7E-06 2.OE-06 1.2

9A LOOP Frequency Higher increase Loss of Grid Frequency to 0.15/ year 1.7E-06 1.8E-06 1.1

10A Vesset Rupture Not Credible Set Vessel Rupture Rate to 0.0 1.7E-06 1.6E-06 -1.1

10B Common Mode Failure Not Credible Set all Common Mode Faaure Ratess except for 1.7E-06 2.2E-07 -7.7
Diesels and Batteries to 0.0 i

10C Vessel Rupture and Common Mode Not Set Vessel Rupture and all Common Mode Failure 1.7E-06 1.2E-07 -14.4
Crea m Rates Except for Diesels and Batteries to 0.0

,

>
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Table 15.2-5 -
SYSTEM IMPORTANCE FOR SYSTEM 80 + PR A FOR INTERN AL EVENTS

'

(' - Sorted by this measure)

SYSTEM NAME * RISK ACHIEVEMENT RISK REDUCTION
WORTH WORTH

ELECTRICAL DISTRIBUTION SYSTEM 4.12E + 05 1.04

EMERGENCY FEEDWATER SYSTEM 1.73E + 05 2.47

SAFETY INJECTION SYSTEM 9.76E + 03 2.22

COMPONENT COOLING / STATION SERVICE 8.73E + 03 1.00
WATER SYSTEM

ENGINEERED SAFETY FEATURES 3.84E + 03 1.01
ACTUATION SYSTEM -

SHUTDOWN COOLING SYSTEM 4.65E + 02 1.09

SAFETY DEPRESSURIZATION SYSTEM 2.13E + 02 1.34

SAFETY INJECTION TANKS 4.50E + 01 1.00

CONTAINMENT SPRAY SYSTEM 1.39E + 01 1.00

STEAM REMOVAL SYSTEM 1.00E + 01 1.00

RCS PRESSURE CONTROL SYSTEM 3.93E + 00 1.00

START-UP FEEDWATER SYSTEM 3.05E + 00 1.00

CHEMICAL & VO!!JME CONTROL SYSTEM 1.98E + 00 1.00

INSTRUMENT AIR SYSTEM 1.00E + 00 1.00

t

|

,
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Tabte 15.2-6

COMPONENT TTTWCES FOR SYSTEM 80+ PRA FOR INTERNAL EVENTS
- Sorted by this measure)

Event Name Prob Fuss-Vese . Risk Ach. Risk Red. Birnbaum Critical Unc. Imp.

VR 9.94E-08 6.61E-02 8.88E+05 1.09E+00 1.00E+00 6.61E-02 2.20E-07
ISLOCA 5.51E-10 2.39E-04 7.94E+05 1.00E+00 8.78E-01 2.39E-04 1.04E-08
ELCX125C1E 1.06E-07 3.21E-02 3.21E+05 1.D4E+00 4.19E-01 3.21E 02 5.29E-08
ATWS 4.69E-06 3.78E-02 9.11E+03 1.04E+00 1.06E-02 3.7BE-02 7.20E-08
EXLXESF 3.68E-07 2.80E-03 7.62E+03 1.00E+00 9.72E-03 2.80E-03 4.11E-09

ELBX416ESF 1.11E-07 7.90E-04 7.25E+03 1.00E+00 9.19E-03 7.90E-04 -1.42E-19
ELLXESF 1.08E-07 7.19E-04 6.91E+03 1.00E+00 8.76E-03 7.19E-D4 -4.93E-18
ELMXMCC1E 1.05E-07 7.24E-04 6.91E+03 1.00E+00 8.76E-03 7.24E-04 2.33E-09
AVCXEFWP 2.81E-05 1.26E-01 5.00E+03 1.17E+00 7.23E-03 1.26E-01 1.56E-07
AVCXDIST 2.80E-05 1.2 7E-01 5. 00E+03 1.1TE+00 7.23E-03 1.27E -01 1.56E-07

MLOCA1 6.96E-05 1.03E-01 1.72E+03 1.13E+00 2.01E-03 1.03E-01 1.oSE-07
MLOCA2 7.69E -05 1.11E-01 1.72E+03 1.15E+00 2.01E-03 1.11E-01 1.87E-07
LLOCA 6.90E-05 8.16E-02 1.36E+03 1.10E+00 1.55E-03 8.16E-02 1.20E-07
JVCXD-SET 2 1.45E-04 6.70E-02 5.00E+02 1.09E+00 6.96E- D4 6. 70E-02 8.09E-08
HVCXD-SET 6 5.50E-04 1.93E-01 4.C3E+02 1.31E+00 7.63E-04 1.93E-01 3.21E-07

HVMXD-SET 3 1.38E-04 3.37E-02 3.95E+b? 1.06E+00 7.53E-04 5.37E-02 2.78E-08
HPSXR-SET 2 5.60E-05 2.07E-02 3.94E+02 1.02E+00 7.51E-04 2.07E 02 5.49E-08
HPSXD-SET 2 3.46E-05 1.21E-02 3.92E+02 1.01E+00 7.48E-D4 1.21E-02 7.09E-08
HVCXD-SETS 2.82E-05 LO9E-02 3.91E+02 1.01E+00 7.46E- 04 1.09E-02 1.68E-08
HVCXD-SET 7 2.87E - D5 1.11E-02 3.91E+02 1.01E+00 7.46E-04 1.11E-02 1.65E-D8

HBOXD-SET 2 1.35E-05 5.25E-03 3.90E+02 1.01E+00 7.46E-04 5.25E-03 -2.36E-19
EC8X125C1E 9.90E-07 2.87E-04 2.91E+02 1.00E+00 3.75E-04 2.87E-04 4.54E 10
HHFFHOTLEG 1.39E-04 2.21E-02 1.65E+02 1.02E+00 2.16E-04 2.21E-02 3.06E 08
HVCXD SET 4 1.41E-04 2.24E-02 1.65E+02 1.02E+00 2.16E-04 2.24E-02 2.23E-08
AVN AE F-215 3.81E-D4 3.68E 02 1.30E+02 1.05E+00 1.67E- D4 3. 68E-02 1.76E-07

AVCAEF-214 2.02E-04 2.51E-02 1.29E+02 1.03E+00 1.66E-04 2.51E-02 2.65E-08
AHFDCST 1. 0 7E- D4 1.34E-02 1.27E+02 1.01E+00 1. 64E- 04 1.34E-02 1.51E-08
HVKXD-SET 2 7.97E-04 9.49E-02 1.21E+02 1.11E+00 1.59E 04 9.49E-02 3.53E 08
AVCDEF-214 7. 87E-06 5.58E-04 7.33E+01 1.00E+00 8.96E-05 5.58E-04 7.66E-10
LVCXD-Stri 3.45E 05 1.94E-03 5.76E+01 1.00E+00 7.33E-05 1.94E-03 1.58E-09

HVCXD-SET 1 3.47E-05 1.99E-03 5.76E+01 1.00E+00 7.33E-05 1.99E-03 -2.30E-18
HB0XD SET 1 1.55E-05 8.36E-04 5.47E+01 1.00E+00 6.90E-05 8.36E-04 1.23E 09
HVCXD-SET 2 3.49E 05 1.89E-03 5.47E+01 1.00E+00 6.90E-05 1.89E-03 2.50E-09
HPSXD-SET 1 6.13E 05 2.96E-03 5.47E+01 1.00E+00 6.90E-05 2.96E-03 1.22E 08
HPSXR SET 1 7.09E-05 3.93E+03 5.47E+01 1.00E+00 6.90E-05 3.93E-03 6.48E 09

HVMXD SET 1 1.87E 04 1.00E-02 5.47E+01 1.01E+00 6.90E-03 1.00E-02 4.45E-09
HVCXD-SET 3 6.00E-04 3.12E-02 5.47E+01 1.03E+00 6.90E-05 3.12E-02 3.31E-08
SLOCA 3.09E 03 8.82E-02 3.70E+01 1.22E+00 6.79E-05 8.82E-02 2.40E-07
SGTR 4.56E-03 1.20E-01 3.61E+01 1.28E+00 6.38E-05 1.20E-01 3.55E-07
VHFFFEEDBLEED 8.99E-03 1.37E-01 1.93E+01 1.20E+00 2.60E-05 1.37E-01 2.68E-07

VVMXBLOV 4.84E-03 8.37E-02 1.85E+01 1.10E+00 2.47E-05 8.37E-02 3.43E 08
VCIXBLDV 9.32E-05 1.47E-03 1.69E+01 1.00E+00 2.25E-05 1.47E-03 2.2SE 09
APAXDEFWP102-104 2.27E-04 2.76E-03 1.47E+01 1.00E+00 2.15E-05 2.76E-03 1.27E-08
EBOXDDG201 1.34E-05 1.68E-04 1.35E+01 1.00E+00 1.52E-05 1.68E-04 6.19E-09
EVFXDDCRM 2.71E-05 3.38E-04 1.35E+01 1.00E+00 1.52E-05 3.38E-04 -1.09E-18

AVMXEF102-103 2.00E-04 2.33E 03 1.26E+01 1.00E+00 1.85E-05 2.33E-03 1.86E 09
EDOXDOGA-B 2. 84E-04 2.9BE-03 1.17E+01 1.00E+00 1.30E-05 2.98E-03 2.00E-09
AVWXE F218-219 3.76E-05 4.43E-04 1.17E+01 1.00E+00 1.46E- 05 4.43E-D4 1. 77E-09
ESXXSEQ 2.25E-04 2.29E-03 1.16E+01 1.00E+00 1.28E-05 2.29E-03 5.58E-09
EJEXDGRM 1.35E-D4 1.47E-03 1.15E+01 1.00E+00 1.27E-05 1.47E-03 2.13E-D9

APAXREFWP102-104 5.94E-05 6.12E-04 1.03E+01 1.00E+00 1.43E-05 6.12E-04 3.47E-09
JVKXSI 651/654 8.01E-04 5.43E 03 7.71E+00 1.01E+00 1.03E-05 5.43E-03 2.39E-09
JVCXD-SET) 3.56E-05 2.27E-D4 7.43E+00 1.00E+00 9.82E-06 2.27E-04 3.21E-09
JVCXD-SET 3 3.58E-05 2.27E-04 7.43E+00 1.00E+00 9.82E-06 2.27E-04 1.96E-09
LOOP 5.D6E-03 2.BDE-02 6.83E+00 1.03E+00 7.05E D6 2.80E-02 4.09E 08
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Table 15.2-6 (Cont'd)
,

1

COMPONENT IMPORTANCES FOR SYSTEM 80+ PRA FOR thTERNAL EVENTS :

(* - Sorted by this seasure) )

|

Event Name Prob Fuss Vese . Risk Ach. Risk Red. Birnbaum Critical Unc. Imp.

ABDXEFWP102-104 3.01E-05 1.47E 04 5.89E+00 1.00E+00 7.70E-06 1.47E-04 6.43E D9
JHFDRNRI 3.32E-03 1.56E-02 5.72E+00 1.02E+00 6.57E-06 1.56E 02 2.16E-08
JHFDSCSLTC 1.14E 04 5.46E-04 5.60E+00 1.00E+00 7.3BE-06 5.46E-04 1.2BE 17
DVMXD * ADVSG2 2.00E-04 8.21E- 04 5.14E+00 1.00E+00 5.80E-06 8.21E-04 -7.3BE-18
DVMXD- ADVSG1 2.01E-D4 8.37E-D4 5.14E+00 1.00E+00 5.80E-06 8.37E-04 -3.16E-18

SE-PSVFTo 8.37E-05 3.2BE-04 4.83E+00 1.00E+00 4.69E-06 3.28E-04 -7.47E- 18
SE-MTC 9.86E-03 3.53E-02 4.79E+00 1.04E+00 4.69E-06 3.53E-02 3.33E-08
SE-PSV 2.78E 03 9.62E-03 4.43E+00 1.01E+00 4.45E-D6 9.62C-03 9.12E-09
CVCXSI-157/158 3.60E-05 1.22E-04 4.40E+00 1.00E+00 4.86E-06 1.22E-04 1.66E-17
PHFFSIPUNP 2.07E-04 6.47E- D4 3.93E*00 1.00E+00 4.13E-06 6.47E-04 -1.46E-17

APIXDP101-103 1.19E-03 3.30E-03 3.80E+00 1.00E+00 4.48E-06 3.30E-03 4.18E-D9
AHFFASCSGTR 6.61E-02 9.99E-02 3.65E+00 1.23E+00 3.91E-06 9.99E-02 6.82E-07
AHFFASCSLOCA 6.82E-02 7.60E-02 2.89E+00 1.20E+00 2.64E-06 7.60E-02 5.1BE-07
EBCPTT 8.09E-04 1.54E-03 2.88E+00 1.00E+00 2.49E-06 1.54E-03 1.32E-09
AVDXEF108-109 2.53E-04 3.76E 04 2.65E+00 1.00E+00 2.60E-D6 3.76E-04 -6.55E-18

AV0XEF112-113 2.58E-04 4.16E-04 2.65E+00 1.00E+00 2.60E-06 4.16E-04 -9.57E-18
CVDXCC102-202 1.37E-04 1.73E-04 2.44E+00 1.00E+00 1.89E-06 1. 73E-04 6.11E-09
HVMASI-609 3.97E-03 5.76E-03 2.36E+00 1.01E+00 1.79E-06 5.76E-03 2.38E-09
HVMASI-604 3.97E-03 5.76E-03 2.36E+00 1.01E+00 1.79E-06 5.76E-03 2.3BE-09
HVMAS!-331 3.97E-03 5.76E-03 2.36E+00 1.01E+00 1.79E- D6 5.76E-03 2.38E-09

HVMAS! 321 3.97E-03 5.76E-03 2.36E+00 1.01E+00 1.79E-06 5.76E-03 2.3BE-09
HVCASI 532 2.02E-04 2.59E-04 2.30E+00 1.00E+00 1.71E-06 2.59E-04 2.47E-09
HVCASI-533 2.02E-04 2.59E- 04 2.30E+00 1.00E+00 1.71E-06 2.59E-04 2.47E-09
HVCASI-522 2.02E-04 2.59E-04 2.30E+00 1.00E+00 1.71E-06 2.59E-04 2.47E-09
HVCASI-523 2.02E-04 2.59E-D4 2.30E+00 1.00E+00 1.71E-06 2.59E-04 2.47E-09

FSSXSIAS 3.01E-03 3.68E 03 2.26E+00 1.00E+00 2.25E-06 3. 68E-03 4.81E-09
JVMXD-SETI 2.00E-04 2.46E-04 2.24E+00 1.00E+00 1.89E-06 2.46E 04 9.34E-10
JVMXD SET 2 1.97E- 04 2.44E-04 2.24E+00 1.00E+00 1.89E-D6 2.44E- 04 -2.46E-18
APTXRP101 103 1.26E-04 1.5BE-04 2.12E+00 1.00E+00 1.86E-06 1.5BE-04 5.94E-09
LSSB 1.5BE-03 1.35E-03 1.86E+00 1.00E+00 1.16E-06 1.35E-03 3.93E-09

FHFFSIAS 4.62E 03 3.68E-03 1.80E+00 1.00E+00 1.35E-06 3.68E 03 3.56E-09
VCIPRC-409 4.85E-D4 3.71E- 04 1.77E+00 1.00E+00 1.09E-06 3.71E-04 1.4BE D9
VCIPRC-407 4.85E 04 3.71E-04 1.77E+00 1.00E+00 1.09E 06 3.71E 04 1.4BE-09
VVMARC-407 2.39E-02 1.85E-02 1.76E+00 1.02E+00 1.11E-06 1.85E-02 7.60E-09
VVMARC-409 2.39E-02 1.88E-02 1.76E+00 1.02E+00 1.11E-06 1.88E-02 7.42E-09 ,

VCIPRC-408 4.85E-04 3.69E-04 1.76E+00 1.00E+00 1.09E-06 3.69E-04 1.89E-09
VCIPRC-406 4.85E-04 3.69E-04 1.76E+00 1.00E+00 1.09E-06 3.69E-04 1.89E-09
VVMARC-408 2.43E-02 1.87E-02 1.76E+00 1.02E+00 1.11E-06 1.87E-02 6.63E-09
VVMARC-406 2.40E-02 1.87E-02 1.76E+00 1.02E+00 1.11E-06 1.87E-02 7.24E-09
JVKXSI-655/656 2.02E 04 1.31E-04 1.63E+00 1.00E+00 1.01E 06 1.31E-04 4.68E-09

JVMXCC 111/211 2.00E-04 1.29E-04 1.63E+00 1.00E+00 1.01E-06 1.29E 04 4.40E-09
AVHDEF-106 9.32E-04 5.66E-04 1.61E+00 1.00E+00 8.5BE-07 5.66E-04 1.4BE-09
LOFW 4.07E-01 3.13E 01 1.60E+00 1.65E+00 1.21E-06 3.13E 01 3.57E-07
AMFF-RSEFW 1.04E-03 5.75E-04 1.60E+00 1.00E+00 7.17E-07 5.75E-04 5.76E-10
GVCXSI 100/101 3.68E-05 2.22E-05 1.5BE+00 1.00E+00 6.97E-07 2.22E-05 6.64E-09

TSEX-EFAS 2.8DE-03 1.26E-03 1.46E+00 1.00E+03 6.85E-07 1.26E-03 2.03E-09
CVCXCC1303 2303 3.53E-05 1.53E-05 1.43E+00 1.00E+00 5.50E-07 1.53E 05 6.63E-09
CVMXSW121-221 2.00E-04 8.56E-05 1.43E+00 1.00E+00 5.50E-07 8.56E 05 6.40E-09
CPBXDCCWP18-28 1.42E-04 5.57E-05 1.43E+00 1.00E+00 5.49E-07 5.57E-05 -1.72E-17
AVCAEF-202 2.02E-04 8.12E-05 1.41E+00 1.00E+00 5.93E-07 8.12E-05 1.90E-09

| MPMJSFP-101 2.09E-03 7.53E 04 1.3BE+00 1.00E+00 5.26E-07 7.53E-04 6.49E 18'

MPMKSFP 101 5.80E-D4 2.19E-04 1.37E+00 1.00E+00 5.07E 07 2.19E-04 3.32E-09
RCVRSBAC 5.05E-02 1.62E-02 1.31E+00 1.02E+00 4.00E-07 1.62E-02 1.31E-08
RCVRPWR10 4.90E-02 1.55E-02 1.30E+00 1.02E+00 3.93E 07 1.55E-02 9.3BE 09
ESXRDG8 4. 74E-03 2.21E-03 1.29E+00 1.00E+00 3.51E 07 2.21E-03 4.04E-09
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iable 15.2-6 (Cont'd)

COMPONENT IMPORTANCES FOR SYSTEM 80+ PRA FOR INTERNAE EVENTS
(* - Sorted by this measure)

,

i

Event Nane Prob Fuss-Vese . Risk Ach. Risk Red. Birnbaus Critical Unc. Imp.

ESXRDCA 4.74E 03 2.1BE-03 1.2BE+00 1.00E+00 3.47E-07 2.18E-03 3.53E-09
FHFFEFWS 4.65E-03 1.26E-03 1.28E+00 1.00E+00 4.10E-07 1.26E-03 -1.82E 18
ED0JDC8 1.36E-02 4.91E-03 1.28E+00 1.01E+00 3.43E-07 4.91E-03 3.D4E-09
ECBVS28801 9.69E-04 2.47E-04 1.27E+00 1.00E+00 3.31E 07 2.47E- 04 -7.70E 18
ECBPS28801 9.34E-04 2.65E-04 1.27E+00 1.00E+00 3.31E-07 2.65E-04 -1.34E-17

EDOJDCA 1.36E-02 4.83E-03 1.27E+00 1.01E+00 3.36E-07 4.83E-03 2.20E-09
ECBPS18801 9.34E-04 2.54E-04 1.27E+00 1.00E+00 3.28E-07 2.54E-04 -1.26E-17
ECBVS16801 9.69E-D4 2.92E-04 1.2TE+00 1.00E+00 3.28E-07 2.92E-04 -3.86E-18
JVMASI-651 3.97E-03 1.06E-03 1.27E+00 1.00E+00 4.11E-07 1.06E-03 9.67E- 10
AVMAE F-102 3.97E-03 1.06E-03 1.27E+00 1.00E+00 3.93E-07 1.06E-03 -3.03E 18

JVMASI-653 3.97E-03 1.04E-03 1.26E+00 1.00E+00 4.03E 07 1.04E 03 1.60E-09
MSXRSFWS 3.17E D4 7.76E-05 1.25E*00 1.00C+00 3.52E-07 7.76E-05 3.50E-09
E00VDCB 5.58E-03 1.15E-03 1.22E+00 1.00E+00 2.74E-07 1.15E-03 2.96E-09
E00VDCA 5.88E 03 1.20E-03 1.22E+00 1.00E+00 2.72C-07 1.20E-03 3.46E 09
EBOBDGSBS201 2.99E-04 6.06E-05 1.20E+00 1.00E+00 2.41E-07 6.06E-05 6.71E-09

EBOAPNSSBS2011 3.17E 04 6.04E-05 1.20E+00 1.00E+00 2.41E-07 6.04E-05 3.63E-09
UHFDRFIRWSTSGTR 3.47E-03 5.9BE-D4 1.20E+00 1.00E+00 2.80E-07 5.98E-04 6.2BE-09
EBOBDCSAS701 2.99E-04 5.94E-05 1.2DE+00 1.00E+00 2.39E-07 5.94E-05 6.69E-09
EBOAPWSSAS2911 3.17E-04 5.70E-05 1.20E+00 1.00E+00 2.3BE 07 5.70E-05 3.73E-09
FSMQMS!$ 1.64E 04 3.12E 05 1.20E+00 1.00E+00 2.90E-07 3.12E-05 5.94E-09

MVCXDCCKV 1.46E-04 2.90E-05 1.20E+00 1.00E+00 2.90E-07 2.90E-05 5.94E 09
MVCASF 004 2.02E-04 3.91E-05 1.20E+00 1.00E+00 2.90E-07 3.91E-05 5.96E-09
AVSDEF 104 1.12E-02 2.17E-03 1.19E+00 1.00E+00 2.87E -07 2.17E-03 3.45E-09
CPVKSSWPIA 7.06E-04 1.16E-04 1.18E+00 1.00E+00 2.44E-07 1.16E-04 -4.73E 17
AVMAEF-103 3.97E -03 5.9BC-04 1.15E+00 1.00E+00 2.27E 07 5.98E-04 -4.2BE 19

APAKEFWP-104 3.55E-03 5.75E-04 1.14E+00 1.00E+00 2.15E-07 5.75E-04 1.56E-09
APAKEFWP-102 3.55E-03 5.76E-04 1.14E+00 1.00E+00 2.14E-07 5.76E-04 1.29E-09
APAJEFPW-104 3.32E-03 6.95E-04 1.14E+00 1.00E+00 2.0BE C7 6.95E-04 3.B4E 09
APAJEFWP-102 3.32E-03 6.72E-04 1.14E+00 1.00E+00 2.07E-07 6.72E-04 3.81E-09
APAVEFWP 102 1.94E-03 2.22E 04 1.11E+00 1.00E+00 1.71E-07 2.22E 04 -8.39E 18

APAVETWP-1D4 2.D4E-03 2.37E 04 1.11E+00 1.00E+00 1.71E-07 2.37E- 04 -7.41E 18
GVMXSI-300/301 2.00E-04 2.08E-05 1.11E+00 1.00E+00 1.2BE-07 2.08E 05 7.68E-09
AVCAEF-200 2.02E 04 2.01E 05 1.1DE+00 1.00E+00 1.60E -07 2.01E-05 6.36E-09
APTJEFWP-101 1.49E-02 1.76E -03 1.10E+00 1.00E+00 1.61E-07 1.76E-03 2.63E-09
UfLTBAFILTER 2.35E-04 2.21E-05 1.09E+00 1.00E+00 1.3BE-07 2.21E-05 5.90E-09

UvCACH 668 2.02E 04 1.82E-05 1.09E+00 1.00E+00 1.3BE 07 1.82E-05 6.51E-09
'

UVNACH-649 3.81E-04 3.03E-05 1.09E+00 1.00E+00 1.38E 07 3.03E-05 3.98E-09
UVNACH-126 3.81E-D4 3.03E-05 1.09E+00 1.00E+00 1.3BE 07 3.03E-05 3.98E-09
APTJEFWP 103 1.49E-02 1.62E-03 1.09E+00 1.00E+00 1.47E-07 1.62E-03 2.98E-09
AVSOEF 105 1.12E 02 9.94E 04 1.08E+00 1.00E*00 1.34E 07 9.94E 04 7.87E-10

CVMXCC107-207 1.99E-04 1.65E 05 1.08E+00 1.00E+00 1.01E-07 1.65E-05 7.70E 09
HVCAS1-543 2.02E 04 1.5BE-05 1.08E+00 1.00E+00 1.37E-07 1.58E-05 6.50E 09
JVCASI 178 2.02E-04 1.5BE 05 1.0BE+00 1.00E+00 1.37E 07 1.58E-05 6.50E-09
HVCASI 247 2.02E-D4 1.58E-05 1.08E+00 1.00E+00 1.37E-07 1.5 BE-05 6.50E-09
HVCASI 143 2.02E-04 1.5BE-05 1.08E+00 1.00E+00 1.37E-07 1.58E-05 6.50E-09

JHTMBYPASS1 1.73E D4 1.66E 05 1.08C+00 1.00E+00 1.37E-07 1.66E 05 5.82E-09
AP1KEFWP 101 7.23E-03 8.36E 04 1.08E+00 1.00E+00 1.27E 07 8.36E-04 3.69E-09
KVMASF-005 3.97E-03 3.10E-04 1.08E+00 1.00E+00 1.09E 07 3.10E-04 -2.43E-18
MVMASF-002 3.97E-03 3.10E-D4 1.0BE+00 1.00E+00 1.09E-07 3.10E-04 -2.43E-18
CFLTSSW1A 2.35E - 04 2.14E-05 1.08E+00 1.00C+00 1.13E 07 2.14E-05 6.29E 09

APiKEFWP-103 7.23E 03 7.99E-D4 1.07E+00 1.00E+00 1.14E 07 7.99E-04 1.18E*09
LHVAC 3.95E-02 2.75E-03 1.07E+00 1.00E+00 1.06E-07 2.75E-03 8.75E-09
APTVEFWP*101 4.94E-03 2.72E D4 1.06E+00 1.00E+00 9.14E 08 2. 72E-04 -3. 73E-18
APTVE FWP-103 4.65E 03 2.36E-04 1.05E+00 1.00E*00 8.04E-08 2.36E-04 -8.80E 18
FSERAPS 2.56E 02 1.26E-03 1.05E+00 1.00E+00 7.32E-D8 1.26E 03 1.37E-09
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Table 15.2-6 (Cont'd)

COMPONENT IMPORTANCES IOR SYSTEM 80+ PRA FOR INTERNAL EVENTS
(* - Sorted by this measure)

Event Weme Prob Fuss-Vese . Risk Ach. Risk Red. Birnbaum Critical Unc. Imp.
1

UHF FBORONRCS 3.35E-02 1.78E-03 1.05E+00 1.00E+00 6.92E-08 1.7BE-03 4.41E-09
EDOXRDCA B 4.2BE-03 1.96E 04 1.05E+00 1.00E+00 5.83E-08 1.96E 04 -9.9BE-18
RCVRHOV 1.82E-01 9.88E 03 1.04E+00 1.01E+00 7.27E-08 9.88E*03 9.84E-09
TOTH 5.86E-01 4.70E 02 1.04E+00 1.06E+00 1.16E 07 4.70E-02 5.22E 08
HVNDSI-130 8.11E-04 2.84E 05 1.03E+00 1.00E+00 3.90E-08 2.84E-05 6.41E-D9

HVNOSI-435 8.11E-04 2.84E-05 1.03E+00 1.00E+00 3.90E-08 2.84E-05 6.41E-09
HVkDSI-254 8.11E-04 2.84E-05 1.03E+00 1.00E+00 3.90E-08 2.B4E-05 6.41E-09
HVMDSI-308 9.32E-04 3.11E-05 1.03E+00 1.00E+00 3.90E-08 3.11E-05 5.50E-09
HPSKSIP3 1.18E-03 3.61E 05 1.03E+00 1.00E+00 3.90E 08 3.61E-05 5.46E-D9
HPSYSIP3 1.95E-03 6.65E-05 1.03E+00 1.00E+00 3.90E 08 6.65E-05 2.E3E-09

HPSJSIP3 1.05E-03 3.96E-05 1.03E+00 1.00E+00 3.89E-08 3.96E-05 4.5 7E- D9
AVD AE F -108 2.99E-03 9.11E-05 1.03E+00 1.00E+00 5.24E-08 9.11E-05 -3.59E-1 T
AVD AE F-112 2.99E-03 9.11E-05 1.03E+00 1.00E+00 5.24E 08 9.11E-05 -3.59E 17
JVMACC-111 3.97E-03 1.07E- 04 1.03E+00 1.00E+00 4.27E-08 1.07E-04 5.06E-09
JVMASI-601 3.97E 03 1.0TE-04 1.03E+00 1.00E+00 4.27E-08 1.07E-04 5.06E-09

JVMASI-655 3.97E-03 1.07E-04 1.03E+00 1.00E+00 4.27E-08 1.07E-04 5.06E-09
JVMASI-310 3.97E-03 1.07E-04 1.03E+00 1.00E+00 4.2TE-08 1.07E 04 5.06E-09
CPWJSSWPIB 2.24E-03 6.06E-05 1.03E+00 1.00E+00 3.31E-08 6.06E-05 1.99E-17 |
AVDAEF 109 2.99E-03 7.49E-05 1.02E+00 1.00E+00 4.14E-08 7.49E-05 -1.31E-17 '

AVDAE F-113 2.99E 03 7.49E 05 1.02E+00 1.00E+00 4.14E 08 7.49E-05 -1.31E-17

AVNDEF 341 8.11E-04 1.43E 05 1.02E+00 1.00E+00 2.63E-08 1.43E-05 6.52E-09
AVNDEF-340 8.11E-04 1.43E-05 1.02E+00 1.00E+00 2.63E-08 1.43E-05 6.52E-09
AHTLEF-340 8.67E- 04 1.56E-05 1.02E+00 1.00E+00 2.63E 08 1.56E-05 6.38E-09
AVHDEF-107 9.32E 04 1.87E-05 1.02E+00 1.00E+00 2.63E-08 1.87E-05 6.02E-09
ANFLEF 341 8.83E-04 1.71E-05 1.02E+00 1.00E+00 2.63E-08 1.71E-05 6.40E-09

i
CHFLSV-1305 8.84E-04 1.58E-05 1.02E+00 1.00E+00 2.34E-08 1.5BE-05 6.07E-09
CPWVSSVP1B 1.74E-03 3.30E-05 1.02E+00 1.00E+00 2.34E-08 3.30E-05 6.38E 09
CPWKSSVP18 7.06E-04 2.7BE 05 1.02E+00 1.00E+00 2.34E-08 2.78E-05 6.43E-09
L416 1.53E-03 2.3BE-D5 1.02E+00 1.00E+00 2.66E-08 2.38E-05 5.99E 09
LCCW 2.27E-03 3.85E-05 1.02E+00 1.00E+00 2.66E-08 3.85E-05 4.92E-09

LVRBMSSVS 5.47E-02 6.81E-04 1.01E+00 1.00E+00 1.69E-08 6.81E 04 2.60E 09
JVMASI 654 3.97E-03 3.75E-05 1.01E+00 1.00E+00 1.54E-08 3.75E 05 6 T7E-09
EDOKD08 5.78E-02 5.81E-04 1.01E+00 1.00E+00 1.01E-08 5.81E-04 1.91E-09 *

HVMASI-636 3.97E 03 2.89E-05 1.01E+00 1.00E+00 8.65E-D9 2.89E 05 7.19E-09
RCVRPWR12 3.10E-02 1.93E-04 1.01E+00 1.00E+00 7.85E 09 1.93E-04 9.39E-09

DNFFRECLOSEADV 3.76E-03 1.81E-05 1.00E+00 1.00E+00 7.00E-09 1.81E-05 6.99E-09
OVMASG 184 3.97E 03 2.05E-05 1.00E+00 1.00E+00 6.7BE-09 2.05E-05 7.55E 09
DVMASG-185 3.97E 03 2.05E-05 1.00E+00 1.00E+00 6.7BE-09 2.0$E-05 7.55E-09
DVMASG-178 3.97E 03 2.05E-05 1.00E+00 1.00E+00 6.78E 09 2.05E-05 7.55E 09
DVMASG-179 3.97E-03 2.05E-05 1.00E+00 1.00E+00 6.78E-09 2.05E-05 7.55E-09

JVMASI-652 3.97E-03 1.88E-05 1.00E+00 1.00E+00 7.68E 09 1.88E-05 7.32E 09
EDOKDCA 5.7BE 02 3.39E 04 1.00E+00 1.00E+00 5.24E-09 3.39E-04 1.96E-09
SE CSGTR 9.97E-02 2.65E-04 1.00E+00 1.00E+00 3.43E-09 2.65E-04 2.45E-09
CPXKECSBS 4.80E-02 4.30E 05 1.00E+00 1.00E+00 1.0BE-09 4.30E-05 9.39E 09
RCVRPWR04 2.40E-01 2.68E 04 1.00E+00 1.00E+00 1.44E 09 2.68E-04 9.39E-09

20E-CLBRC 2.67E 01 2.87E 04 1.00E+00 1.00E+00 1.30E-09 2.87E 04 9.39E-09
RCVRPWR05 1.80E-01 7.33E-05 1.00E+00 1.00E+00 4.94E-10 7.33E-05 9.39E-09

!

I
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15.2.2 Analysis of Containment Performance and Source Terms - Level Il PRA

The objective of the containment response analysis is to ascertain the
likelihood, magnitude, and timing of radiological releases to the environment
following a severe accdient. In order to determine the consequences of an j
accident, each of the accident sequences identified as leading to core damage in
the Level I PRA is further analyzed to determine if ti will lead loss of

containment integrity, and if so, the nature of its associated release. The mode
and timing of the containment failure and the nature of the releases are affected
by the physical phenomena of the accident. The combinations of these physical
phenomena define specific event sequence with unique consequences. These

combinations of consequences are the potential Plant Damage States (PDSs)
resulting from the accident. The parameters used to define the PDSs are based :

on factors that have the greatest effect on the public and include the following:

'

Source term magnitude and isotopic content..

Energy of the release.*

Duration of the release, and*

Warning time for evacuation. ;.

Based on the qualitative evaluation of the containment response phenomena for ;
System 80+ design, a set of eight PDS parameters and their associated values were i

defined. Several (6480) possible combinations of parameter values for the eight
'

PDS parameters were noted, all of which were not physically possible. Therefore,
'

a set of rules were developed to delete the combinations that were physically
impossible. After applying the deletion rules, 245 logical PDSs survived the ,

screening. In order to ascertain the information for mapping the core damage :

sequences into the appropriate PDS. six containment safeguard states were
developed. These containment safeguard states were linked with the dominant core ;

damage sequences to form plant accident states which contained enough information

to be mapped directly into the PDSs. Twenty six of the 89 accident sequences for ,

internal events and 3 of the 9 accident sequences due to tornado strikes were
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linked with. the containment safeguard states to form plant accident states.
!Approximately 66% of the plant accident states had frequencies below a certain

screening value and were therefore eliminated from further evaluation. The

elimianted plant accident states represent 1% of the overall core damage
frequency. ;

To provide some initial insight into the potential severe accident progression,
the relative split of the PDSs between parameter values for major parameters was
evaluated and summar. zed below (the percentages presented are based on the. core-

damage frequency cor tribution and not sequence count):

RCS PRESSURE AT CORE DAMAGE
.

,

Approximately 18% of the PDSs are low pressure sequences. 32% are medium pressure

sequences, and 50% are high pressure sequences. Of the high pressure sequences,
27% have a cycling relief valve release rate and 23% have a-small LOCA release .

rate.

1

CORE MELT TIMING

!

Approximately 78% of the sequences resulted in core damage within 8 hours ;

(early). Sequences resulting in core damage between 8 and 24 hours account for
22%. Only one PDS with two sequences had core damage after 24 hours. This PDS |
is a negligible contributor of core damage. j

'

CAVITY CONDITION
s

T

The cavity was not- flooded in only 7% of the sequences. For the remaining 93%. |
of the sequences, the cavity was flooded. ;

: CONTAINMENT SPRAY STATUS |

For 82% of _ the sequence the containment spray system was available. The

containment spray system was not available for the remaining ~18%' of the '

sequences.
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RELEASE POINT

.

Approximately 38% of the sequences resulted in initial releases directly to the
containment. Initial releases were to the IRWST for 47% of the sequences. .

Approximately 15% of the sequences resulted in initial releases through the steam
generators. The containment bypass sequence accounted for less than 1% of the

core damage frequency.
A

15.2.2.1 Contaire..cnt Failure Frequency

The results from the containment response analysis show that the System 80+

..

is robust and quite capable of accommodating severe accidentcontainment '

challenges. The conditional probability for intact containment releases RC1,
|

1s 0.902. Likewise, the conditional probabilities for the various types .of
containment failures are: (1) 0.076 for late containment failure releases, RC2. i

(2) 0.011 for early containment failure releases, RC3, (3) 0.011 for releases due
,

to containment isolation failure RC4, and (4) 0.0 for containment bypass failure
releases RC5. The Conditional Containment Failure Probability (CCFP) is shown !

to be low. The above results as shown in Table 15.2-7 and Figure 15.2-2. |
Combining the CCFP with the core damage frequency calculated from the Level I |
portion of the PRA (2.0E-06 per year) results in a very low frequency (2.0E-07

;

per year, seismic events excluded) of containment failure from severe accidents. !

,

: A further breakdown of the contributors to the conditional containment failure I

probability due to the timing of core damage is shown in Tables 15.2-8 and
15.2-9. The relative contributions to CCFP for early (i.e., less than 8 hours

'
after the initiating event occurs) core damage sequences are provided in Table.
15.2-8. Similarly. the relative contributions to CCFP for mid (8 - 24 hours
after the. initiating event occurs) core damage sequences are provided in Table
15.2-9. '

The insights and leading contributors to containment failure are summarized in
Section 15.2.2.2,
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15.2.2.2 Dominant Contributors to Containment Failure !

,

Table 15.2-7 shows the fractional contributions by containment failure modes to
the core damage frequency for internal and external events, excluding seismic >

events. The containment remained intact for about 90.2% of the core damage
sequences. Of the 9.8% of core damage sequences in which the containment does
fail, the late containment failure mode is the most dominant contributor followed
by early containment failures. containment isolation failures and then

:containment bypass failures. +

The breakdown of contributors to containment failure is also shown as a pie chart
in Figure 15.2-2.~ The majority of containment failures (80.8%) involve late

containment failures. An additional 11.2% of the containment failures is due to
the early containment failure mode followed by containment isolation failures and
containment bypass failures with 7.9% and 0.1%. respectively.

LATE CONTAINMENT FAILURES

The leading contributor to containment failure following a severe accident is
,

" Late Containment Failure". This failure mode represents approximately 81% of -
the overall containment failure frequency. The frequency for this containment-

,

failure mode is 1.5E-7 per year. The major contributor to this failure mode
includes base mat melt-through. All dry cavity cases result in containment
failure and a very small percentage of the wet cavity cases are assume to result
in containment melt-through, ;

.

EARLY CONTAINMENT FAILURES

Early containment failures are the second largest contributor to the frequency I

of containment failure. The frequency of this failure mode is 2.2E-08 per' year |
and it accounts for approximately 11% of the overall . containment failure '

. frequency. The major contributors to this failure- mode-includes rapid steam . I

generation 'and steam explosions. missile or rocket impingement, hydrogen burns.
,

and direct containment heating.

:
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CONTAINMENT ISOLATION FAllURES

Containment isolation failures are the third largest contributor to the frequency
of containment failure. The frequency of this failure mode is 2.2E-08 per year
and it accounts for approximately 8% of the overall containment failure I

frequency;

1

CONTAINMENT BYPASS

The containment bypass sequences are virtual non-contributors to the overall
frequency of containment failure. The frequency for this failure mode is 2 pc in
per year, the majority of which is cause by the interfacing system LOCA seqw oc

,

15.2.2.3 Fission Product Release Characteristics
,

The insights regarding the relative significance of the various fission product
release classes are provided below.

RELEASE CLASSES *

.

A total of 57 release classes with non-zero frequencies were identified. This
includes 36 early core melt frequency release classes. 20 mid core melt sequence - ;
release classes and I late core melt sequence release class. Of these release -
classes, only those that had frequencies above a certain screening value (i.e.,

'

1.0E-09 per year) were considered for further evaluation. A noted exception to
the screening is the containment bypass release clasc. This release class.is {
caused by an interfacing system LOCA. Although the friquency of this release <

class is -less than-the screening value. it is retained for further evaluation. ,

The reiease classes that were eliminated from further evaluation represent less- '

than 1% of the-total core damage frequency. l

RELEASE CHARACTERISTICS |
,

Each of the end-points of the containment event tree (CET) uniquely specifies the
status' of the containment following a severe accident, whether it .is intact or
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breached and if breached the mode of containment failure. The status of the
various phenomena which have the potential to affect the source term
characteristics is also uniquely specified for each end-point of the CET. As a
result, each end-point of the CET represents a distinct release class which can
be fully characterized by the following parameters:

5

Frequency of occurrence..

Isotopic content and magnitude of the release..

Energy of the release..

Time of the release..

Duration of the release, and*

Location of the release..

Values for the above parameters are summarized in Tables 15.2-10. except for the
isotopic content and magnitude of the release which is summarized in Table

I 15.2-11. As .shown in Table 15.2-11, release class RC4.18L has the highest
release fractions for the radionuclide groups. This release class represents a

,

SGTR and containment isolation failure followed by a dry cavity and the
containment sprays being unavailable. Other release classes with high release
fractions include RC4.12E (similar to RC4.18L. except that the containment sprays
are available) and RC4.4E (similar to RC4.18L. except that the containment sprays
are available and the cavity is flooded).

15.2.2.3 Insights from Level II Sensitivity Analyses

The results from the containment response analysis show that the System 80+

| containment is robust and- quite capable of accommodating severe accident
challenges. To assess the impact of certain assumptions that were made in
performing the containment response analysis, the Level II portion of the.PRA.

'

several sensitivity analyses were performed. These analyses determined what
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effect certain assumptions may have on the containment failure modes and
associated conditional failure probabilities. The results from the sensitivity
analyses are summarized in Table 15.2-12. i

The major insights from the Level 11 sensitivity analyses are presented below:

Hydrogen ignitors are provided to prevent the build-up of hydrogen.

inside the containmerit following a severe accident. However, the
,

conditional probabilities for the various containment failure modes
are insensitive to the availability of the hydrogen ignitors

following a severe accident.

The System 80+ containment characteristics do not favor deflagration.

to detonation transition and the release classes are not sensitive
to deflagration to detonation transition.

Late containment failure releases are somewhat sensitive to low heat.

transfer rate from the corium to the cavity water. This release
class is also very sensitive to the amount of water that is

discharged to the cavity by the Cavity Flooding System following a
severe accident.

Late containment failure releases are sensitive to the reliability.

of the emergency containment heat removal system and the recovery of

coritainment heat removal following a severe accident.

The conditional probabilities for System 80+ release classes are not.

sensitive to temperature induced creep failure of the RCS piping and !

the depressurization of the RCS. using the Safety Depressurization
System.

,

The frequency of containment isolation failure releases is strongly.

coupled to the reliability of the Containment Isolation System
(CIS). A very reliable CIS would result in a very low frequency for
containment isolation failure releases.
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Tabic 15.2-7

Overall Containment Fai!ure Modes

:

CONTAINMENT FAILURE MODE CCFP CTMT FAILURE '

FREQUENCY ;

(Per Year) :

Late containment failures 0.076 1.5E-07 '
,

Early containment failures 0.011 2.2E-08 *

Containment isolation failures 0.011 2.2 E-08

Containment bypass failures < 0.001 2.0E-10 ,

,

TOTAL O.098 2.OE-07
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|Table 15.2-8 j

Containment Failure Modes for Early Core Damage Sequences *

,

CONTAINMENT FAILURE MODE DOMINANT CONTRIBUTORS CCFP

(%)

Late containment failures Base mat meltthrough 79.5

Steam overpressurization

Early containment failures Rapid steam generation 11.1

Alpha mode

Hydrogen burns

Direct containment heating

Containment isolation failures 9.1

Containment bypass failures interfacing system LOCA O.3
_

The CCFP due to early core damage sequences is 0.0103.'

.

I

i

|

|
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Table 15.2-9

Containment Failure Modes for Mid Core Damage Sequences *

CONTAINMENT FAILURE MODE DOMINANT CONTRIBUTORS CCFP

(%)

Late containment failures Base mat meltthrough 85.8

Steam overpressurization

Early containment failures Rapid steam generation 11.6

Alpha mode

Hydrogen burns

Direct containment heating

Containment isolation failures 2.5

Containment bypass failures interfacing system LOCA O.1

* The CCFP due to mid core damage sequences is 0.0084.

.
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TABLE 15.2-10
RELEASE PARAMETER DATA FOR SYSTEM 80+ RELEASE CLASSES

RELEASE CORE CONTAINMENT RELEASE CLASS RELEASE START TIME RELEASE RELEASE RELEASE L

CLASS MELT STATUS FREQUENCY DURATION HEIGHT ENERGY
TIME

(Watts)

RCI.lE EARLY CONTAINMENT 136FA6 5 HOURS 24.0 HOURS 16.6M 2.09E + 04
INTACT

RCl.lM MID CONTAINMENT 3.8IE47 17 HOURS 24.0 HOURS 16.6M 2.09E + 04
INTACT

RC2.lE EARLY LATE FAILURE 3.46E-09 lI HOURS 0.056 HOURS 16.6M 1.67E + 09

RC2.2E EARLY LATE FAILURE 2.04E49 11 HOURS 0.056 HOURS 16.6M 1.67E + 09

RC2.4E EARLY BASEMAT 3.64E48 65 HOURS 24.0 HOURS 0M 4.19E + 04
MELTTHROUGH

RC2.5E EARLY BASEMAT 2.84E48 65 HOURS 24.0 HOURS 0M 4.19E + 04
MELTTHROUGH

,

RC2.6E EARLY BASEMAT 3.45F 08 65 f TOURS 24.0 ItOURS 0M 4.19E + 04
MELTTHROUGH

RC2.7E EARLY BASEMAT 1.62E-08 65 HOURS 24.0 HOURS 0M 4.19E + 04
MELTIEROUGH '

RC2.2M MID LATE FAILURE 4.05E4 65 HOURS 0.056 HOURS 16.6 M 1.67E + 09
|

RC2.5M MID BASEMAT 3.95E 09 65 ItOURS 24.0 HOURS 0M 4.19E+ 04
MELTTHROUGH

i
RC2.6M MID BASEMAT 9.08E49 65 HOURS 24.0 HOURS 0M 4.19E + 04

MELTTHROUGH

RC2.7M MID LATE FAILURE 1.22E48 65 HOURS 0.056 HOURS 16.6 M 1.67E + 09

RC3.lE EARLY EARLY FAILURE 6.58E49 5 HOURS 0.056 HOURS 16.6 M 837E+07
I

RC3.2E EARLY EARLY FAILURE 3.08E49 5 HOURS 0.056 HOURS 16.6 M 8.37E+07

| RC3.4E EARLY EARLY FAILURE 6.73E49 5 HOURS 0.056 IIOURS 16.6 M 8.37E + 07

RC3.6E EARLY EARLY FAILURE 3.12FA9 $ HOURS 0.056 HOURS 16.6 M 8.37E+07

| 15-64
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TABLE 15.2-11
RELEASE FRACTIONS BY RELEASE CLASS

FISSION PRODUCT RELFASE FRACTIONS
RELEASE
CLASS NOBLE IODINE CESIUM TELLURIUM BARIUM 57RONTIUM RUTHENIUM I F RANUM CERIUM

OASES

RCl.lE 5.00E-03 2.30E-07 1.93E47 9.61E48 2.31E48 4.245-09 1.38E-09 6.12E-09 2.56EOS

RCI.lM 5 00 & O3 2.08E45 9.72E-08 4.66E48 1.12E48 1.90E-09 8.87E-10 3.05E49 1.12E-08

RC2.lE 1.00E+00 8.45E45 1.00E43 1.86E-05 3.87E-06 8.10547 2.46E47 1.16E46 438E-06

RC2.2E 1.00E+ 00 1.09E-04 1.00503 1.86E45 3.54E-06 9.03 E47 2.18E47 1.01E46 3.92E-06

RC2.4E 5.44E42 3.45 E-04 1.00E-04 1.99&O7 6.15E48 4.39549 636E-09 1.06E48 5.45E48

RC2.5E 5.44E42 3.15 E-04 1.00E-04 1.375-07 4.38E48 3.40E-09 4.26549 6.70E 09 3.63 E-08

RC2.6E 5.44E42 3.15E44 1.00E-04 3.56E-07 1.27E47 7.48E49 1.4 t E-08 1.98E48 1.08547

RC2.7E 5.44E42 3.15E44 1.00E-04 1.37507 4.38 & O8 2.70549 4.26E-09 6.70E 09 3.63508

RC2.2M 1.00E+00 5.64545 1.00E-03 3.56E-06 8.20 & O7 1.89E 07 5.62E-08 2.tSE47 8.79E 01

RC2.5M 1.00E+ 00 6.39E43 1.00E 04 3.01544 1.19E-04 3.13506 1.32E45 1.45E 05 9.33 E-05

RC2.6M 4.46E 01 2.89503 1.00&O4 . 3.67B45 1.72E45 4.32E47 1.76E-06 2.llE 06 1.38 E-05

RC2.7M 1.00E+ 00 6.68E 03 1.00E43 3.14E44 1.24E-04 335E46 1.38E-05 1.51E45 9.72E-05

RC3.l E I.00E+00 137E42 1.15E42 5.53 E43 1.10E-03 2.14 & O4 6.105-05 2.64 & O4 1.25 E-03

RC3.2E 1.00E+ 00 2.02E-02 1.76E42 8.42E-03 1.49E43 3.84E-04 8.16E 05 3.53E44 1.66E-03

RC3.4E 1.00E+ 00 2.26E42 1.50E-02 7.llE43 1.84B43 2.29E 04 1.45&O4 3.65 & O4 1.83E-03
'

fRC3.6E 1.00E +00 2.35 E-02 1.64E-02 8.27E-03 2.05 E-03 3.15 E-04 1.68 E-04 3.96504 2.01E43

RC3.2M 1.00E+00 4.95542 3.96E42 1.95E-02 3.45E-03 9.125 04 2.14E-04 1.05E43 3.81 & O3

RC3.6M 1.00E + 00 6.348-02 4.97E42 2.43E 02 5.73 E-03 9.60504 4.49504 1.32503 5.63 & O3

RC4.4E 1.00E+ 00 2.42541 2.20E41 1.03&01 2.30E42 5.96E-03 1.57E-03 832503 2.53 & O2
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TABLE 15.212

SUMMARY OF CONTAINMENT RESPONSE SENStrIVrrY ANALYSIS
RESULTS FOR SYSTEM 80+

|

( CASE DESCRIFFION MODELED AS CONDirIONAL PROBABILrrY OF RELEASE
I CLASS

RCI RC2 RC3 RC4 RCS

BASE AS DESCRIBED IN THE FRA AS MODELED IN THE PRA 0.902 0.076 0.011 0.011 0.0

1 H, IGNTTORS UNAVAIIABLE CHANGE PROBABILrrY OF *10 FAIL * FROM 0.902 0.076 0.011 0.011 0.0
CURRENT VALUE TO 1.0 OF ALL PDSs.

j 2 CONTAINMENT CHARACTERISTICS FAVOR INCREASE THE PROBABILTIY OF *DDTOK' FROM 0.902 0.076 0.011 0.011 0.0
DEFLAGRATION TO DETONATION 0.0 OR 0.01 TO 0.05 FOR ALL PDSa.
TRANStrION

3 LOW HEAT TRANSFER FROM CORIUM TO INCREASETHE PROBABILrrY OF *IDWirrXFER* 0.890 0.088 0.011 0.011 0.0
CAVirY WATER FROM 0.01 TO 0.02 FOR ALL PDSe ASSOCIATED

WirH *%Tr* CAVrrY.

4 INSUFFICIENT HEAT TRANSFER FROM CHANGE THE PROBABILrrY OF *%'ETCAVITY" 0.445 0.538 0.006 0.011 0.0
CORIUM TO CAVirY WATER FROM 1.0 TO 0.5 FOR ALL PDSs ASSOCIATED WrrH

' WET * CAVirY.

5 CONTAINMENT HEAT REMOVAL LESS INCREASETHE PROBABILrrY OF *NCHRECOV* 0.895 0.083 0.011 0.011 0.0
LIKELY TO BE RECOVERED FROM 0.1 TO 0.2.

l
'

6A INDUCED FAILURE OF RCS PIPING CHANGETHE PROBABIUTY OF *HSINTACT* FROM ' O.902 0.076 0.011 0.011 0.0
ALWAYS OCCUR 0.65 TO 1.0 FOR PDSs %TrH RCS LEAK RATE =

"CRV* AND RCS PRESSURE = *HIGH"

6B INDUCED FAILURE OF RCS PIPING NEVER CHANGETHE PROBABILrrY OF *HSINTACT* FROM 0.902 0.076 0.011 0.011 0.0
OCCURS 0.65 TO 0.0 FOR PDSe %TTH RCS LEAK RATE =

*CRV* AND RCS PRESSURE = "HIGH*

15-68
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TABLE 15.2-12 (Cont'd)

SUMMARY OF CONTAINMENT RESPONSE SENSITIVirY ANALYSIS
RESULTS FOR SYSTEM 80+

|
J

CASE DESCRIPTION MODELED AS CONDrrIONAL PROBABILITY OF
RELEASE CLASS

RCI RC2 RC3 RC4 RC5

7A THE RCS IS NOT DEPRESSURIZED BY THE CHANGE PROBABILITY OF *NOSDSDP' FROM 0.2 0.902 0.076 0.011 0.011 0.0
SDS TO 1.0 FOR PDSs WTTH RCS LEAK RATE = *CRV*

AND RCS PRESSURE = *HIGH'.

7B THE RCS IS DEPRESSURIZED BY THE SDS CHANGE PROBABILrrY OF *NOSDSDP* FROM 0.2 0.902 0.076 0.011 0.011 0.0
TO 0.0 FOR PDSs %TrH RCS LEAK RATE = *CRV*
AND RCS PRESSURE = 'HIGH*.

8 CONTAINMENT IS LESS LIKELY TO BE CHANGE PROBABILrrY OF *ISOL* FROM 2.1E-03 0.893 0.078 0.011 0.017 0.0
ISO 1ATED TO 1.0542.
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Figure i 5.2-2
Contributions to Containment Failure Frequency
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Core Melt Frequency * Containment Failure Frequency *
(2.0 x 10-6 per year) (2.0E-7 per year)

* For internal and external events, excluding seismic events.
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15,2.3 Release Consequences Assessment - Level 111 PRA .

The characteristics of the release classes determined by the containment response
analysis are the primary input to the consequence analysis which calculates the !
risk measures, including: ;

The effective Dose Equivalent (EDE) whole-body dose at 300 meters I.

from the reactor site boundary, !

;

The EDE whole-body dose at one half mile from the reactor site j*

boundary,

i
!

Early fatalities, and !.

Latent cancer fatalities..

The Complementary Cumulative Distribution Functions (CCDFs) for the above risk
measures were generated. These distributions are presented in Figures _15.2-3 ;

through 15.2-6. Figure 15.2-3 presents the total CCDF for the EDE whole body I
dose at 300 meters. This CCDF represents the total frequency of exceeding a |
given EDE whole body dose at a radius of 300 meters from the reactor. Figure

15.2-4 presents the total CCDF for the EDE whole body dose at 0.5 miles. This

CCDF represents the total frequency of exceeding a given EDE whole body dose at

| a radius of one half mile from the reactor. Figure 15.2-5 presents the total

|- CCDF for Early Fatalities. This CCDF represents the total frequency of exceeding '

! a given number of early fatalities. Figure 15.2-6 presents the total CCDF for |
Latent Cancer Fatalities. This CCDF represents the total frequency of exceeding
a given number of latent cancer fatalities.

'

|

1'
' The large offsite-release goal adopted by Combustion Engineering for the System

80+ Standard Design is:

i .

i

"In the event of a severe accident, the dose beyond c one-half mile radius

from the reactor shall not exceed 25 rem. The mean frequerscy of j

occurrence for higher offsite doses shall be less than once per n.illion

15-71 1
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reactor-years, considering both internal and external events." ;
t

|

This goal is consistent with the ALWR large offsite release goal established by
EPRI in the ALWR Utility Requirements Document * .i

1

:
As can be seen from Figure 15.2-4. the frequency with which a whole body dose of
25 rem is exceeded at 0.5 miles is approximately 1.9E-8 per year. Also, as can |
be seen from Figure 15.2-3. the frequency with which a whole body dose of 25 rem )

it exceded at 300 meters is approximately 2.3E-8 per year. In both cases, the |
frequency of exceeding 25 rems is less than the goal of 1.0E 6 per year. 1

- Therefore. the System 80+ Standard Design meets the large offsite release goal
with substaatial margin. {

|

In their policy statement on safety goals for the operation of nuclear power -

plants..the NRC provided twc quantitative health effect objectives. They are:
i

"The risk to an average ndividual in the vicinity of a nuclear power :

plant of prompt fatalitie, that might result from reactor accidents should
not exceed one-tenth r; one percent (0.1 percent) of the sum of prompt t

fatality risks resulting from other accidents to which members of the U.S.
population are generally exposed." and

"The risk to the population in the area near a nuclear power plant of
ca'ncer fatalities that might result from nuclear power plant operation !

should not exceed one-tenth of one percent (0.1 percent) of the sum of
cancer fatality risks resulting from all other causes."

:

The commission did not define the sum of cancer fatality risks or the sum of |

prompt fatality risks. They did, however. prv. 4de a general performanc '

guideline for use by the staff. This guideline is.

:

" Consistent with the traditional defense-in-depth approach and the |
accident mitigation philosophy requiring reliable performance of
containment systems. the overall mean frequency of a large release of-

-

*

!
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:
1

- i

radioactive materials to the environment from a reactor accident should be i

less than 1 in 1.000.000 per year of reactor operation."
I

The magnitude of a large release has not been specifically defined. However, it
is generally interpreted to be a release that is likely to result in one early |
fatality. Figure 15.2-5 presents the total CCDF for Early Fatalities. This CCDF !

represents the total frequency of exceeding a given number of early fatalities. !

As can be seen from this figure, the probability of exceeding one prompt fatality j1

for System 80+ is approximately 2.1E-09 per year. This is well within the 1.0E-6 3

per year goal. In addition, as shown on Figure 15.2-6. the probability of' .

exceeding one latent cancer death is approximately 2. 0E-07. Thus. System 80+

meets the NRC's large release guideline and by implication, the quantitative !
'health objectives.
:

15.2.3.1 Dominant Contributors to Risk r

:

As mentioned in the previous section, four risk measures were calculated for the <

System 80+ design. The dominant contributors to each of the four risk measures !

are identified by release class and are described below. -

!

DOSE AT 300 METERS
i

' !

Four dominant release classes were identified for the effective dose equivalent
whole-body dose of 20 Rem at a distance of 300 meters from the reactor site ~ I

boundary. These release classes include RC4.12E RC4.4E. RC4.18L. and RC3.4E. ;

~

The probabilities of exceeding 20 Rem at 300 meters for these release classes are'

6.5E-09. 6.0E-09. 5.6E-09. and 1.0E-09 respectively. A description for each of
these release classes is provided below. I

s

i

RC4.12E covers the releases associated with a containment isolation.

failure with vaporization releases and re-vaporization releases for
sequences in which core-damage occurs within the first eight hours. In- ;

vessel scrubbing is successful, in addition to scrubbing of the !
vaporization and re-vaporization releases. !

15-73
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. 1

The dominant PDSs for this release class are PDS184 and PDS181. PDS184 is

characterized by a steam generator tube rupture with failure of safety
injection and failure of aggressive secondary cooldown. For this release
class. it is assumed that the ruptured steam generator is not successf111y i

isolated. Core damage is assumed to occur within four hours after the |
initiating event with vessel failure occurring within the next hour. The
containment spray system is available and the cavity is flooded. The

,

releases are via the unisolated ruptured steam generator. |
;

!PDS181 is similar to PDS184, except that the cavity is not flooded. The
releases for this class are assumed to start at the time of core damage
and last for 24 hours. The release to environment is assumed to occur at
an elevation of 19.7 meters above grade.

>

RC4.4E covers th9 releases associated with a containment isolation failure i.

with vaporization releases but no re-vaporization releases for sequences ;

in which core damage occurs within 8 hours after the initiating event.
iScrubbing of in-vessel fission products is successful as well as scrubbing

of vaporization releases.

The domiriant PDS for this release class is PDS184 which is described
above. The releases for this class were assumed to start at the time of
core damage and last for 24 hours. The release to the environment was 1

assumed to occur at an elevation of 19.7 meters above grade. :

>

'

RC4.18L covers the releases associated with a containment isolation.
.

failure with vaporization releases and re vaporization releases for
sequences in which the core damage occurs af'er 24 hours. Scrubbing of

in-vessel fission products is successful, tat scrubbing of vaporization j
and re-vaporization releases is not accomp'ished.

| The dominant PDS for this release class is PDS194. This PDS is ;

| characterized by a steam generator tube rupture with successful safety
injection and successful operation of the amergency feedwater water [

system. However, the ruptured steam generator is not isolated and RCS ;'
,

i
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pressure control is also not established. and the leakage from the primary :

side to the secondary side remains high. The inventory of the IRWST is
not replenished and is therefore depleted in approximately 25 hours. Core I

damage is assume to occur once the IRWST is depleted followed by vessel i

failure approximately one hour later. For this PDS the cavity is dry and
the containment spray system is unavailable due to depletion of the IRWST |
inventory. Releases occur via the unisolated ruptured steam generator.

The releases for this PDS were assumed to start at the time of core damage
;

and continue for approximately 24 hours. The release to the environment t

was assumed to occur at an elevation of 19.7 meters above grade.

RC3.4E covers the releases associated with an early containment failure [*

with vaporization releases but not re-vaporization releases for accident
equences in which core damage occurs within the first 8 hours after the
initiating event. The scrubbing of in-vessel fission products is
successful as well as the scrubbing of vaporization releases.

'The dominant PDSs for this release class include PDS235. PDS20. PDS3. and
PDS85. The releases for PDS85 ant. PDS20 are bounded by the releases for

'
PDS3. Therefore, this release class is dominated by PDS235 'and PDS3.
PDS235 is characterized by a loss of main feedwater and failure of the ;
emergency feedwater system. The " bleed" portion of " Feed and Bleed" also
fails for this PDS. Core damage is assumed to occur within 4 hours after'

the initiating event foliowed by vessel failure within the next hour. The - .

containment spray system is available and the cavity is flooded for this
PDS. ,

PDS3 is characterized by a large LOCA with failure of safety injection.
F

Core damage is assumed to occur within 4 hours after the initiating event.
followed by vessel rupture an hour later. For PDS3. the containment spray
system is also available and the cavity is also flooded.

i

The releLses for this release class are assumed to start at the time of
conta4.iment failure which occurs immediately after vessel failure and last

15-75 ,
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for approximately 200 seconds. The release to the environment is assumed
to occur at an elevoti ,n of 16.6 meters above grade.

DOSE AT ONE-HALF MILE i

j

Three dominant release classes were identified for the effective dose equivalent
whole-body dose of 25 Rem at a distance of one-half mile from the reactor site
toundary. These release classes include RC4.12E. RC4.4E. and RC4.18L. The

probabilities of exceeding 25 Rem at one-half mile for these release classes are
6.0E-09. 5.7E-09. 5.6E-09 respe:tively. A description fo." each of the dominant

;

release classes is provided aboie in the sub-section on " DOSE AT 300 METERS"
.

EARLY FATALITIES *

t

i

h ee dominant release classes were identified for iarge releases that resulted
,

in early fatalities. These release classes include RC4.12E. RC4.18L. and RC4.4E. f
The probabilities of exceeding one early fatality due to a large release are j
8.4E-10. 6.3E-10. 1.5E-10 respectively. A description for each of the dominant !

release classes is provided above in the sub-section on " DOSE AT 300 METERS" '

!
'

LATENT FATALITIES.>

Five dominant release classes were identified for large releases that resulted *

in latent fatalities. These release classes include RC2.4E. RC2.6E. RC2.5E.
RC2.7E.and RC2.7M. The probabilities of exceeding one latent fatality due to a -

'

large release are 3.6E-08. 3.4E-08, 2.8E-08.1.6E-08. and 1.2E-08 respectively.
A description for each of the dominant release classes is provided below. j

RC2.4E covers the releases associated with late containment failure witha
;

vaporization releases but no re-vaporization releases for accident
sequences in which core damage occurs within 8 hours after the initiating
event. The scrubbing of in-vessel fission products is successful as well

|
as the scrubbing of vaporization releases. j

!

The dominant PDSs for this release class incluce PDS233. PDS83. PDS18.
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PDS3. and PDSI. The releases from PDS83. PDS18. and PDS3 are bounded by ' '

!

the releases from PDSI. Therefore, this release class is characterized by ,

PDS233 and PDSI. PDS233 is characterized by a loss of main feedwater and !

failure of the emergency feedwater system. Failure of the " bleed" portion -
of " Feed and Bleed" also occurs for this PDS. Core damage is assumed to j

occur within 4 hours after the initiating event followed by vessel rupture - |
within the next hour. The containment spray system is available and the j

cavity is not flooded for this PDS. !

PDS1 is charetterized by a large LOCA with failure of safety injection. |
Core dcmage is assumed to occur within 4 hours after the initiating event

Ifollowed by vessel failure within the next hour. The containment spray-

system is available and the cavity is not flooded for this PDS.
;

The releases for this release class are assumed to start at the time of ;

containment failure (65 hours after the initiating event) and continue for i

24 hours. The release to the environment is assumed to occur at grade i

level
;

E:.6E covers the releases associated with a late containment fail 6re withe

bath vaporization releases and re-vaporization releases for accident
sequences in whidi core damage occurs within 8 hours after the initiating ,

event. Scrtbbing of in-vessel fission products is successful, and |
scrubbing of vaporization and re-vaporization releases is also successful.

,

*

The dominant PDSs for this release class are PDS181. PDS199. and PDS233. ;

For this release class. PDS181 and PDS199 are equivalent and PDS199 is i

therefore used to represent both PDSs. PDS199 is characterized by a small |
LOCA with failure of safety injection and failure of aggressive cooldown ;'

of the secondary side. Core damage is assumed to occur within 4 hours
after the initiating event followed by vessel failure one hour later. For

,

this PDS. containment spray is available but the cavity is not flooded.
.

1. )
i i

L PDS133 is characterized by a transient with failure of the emergency !

feedwater system and failure of the " bleed" portion of " Feed and Bleed" '

t
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;

operation. Core damage is also assumed to occur within 4 hours after the '

initiating event, followed by vessel failure one hour later. For this ;

PDS, containment spray is available but the cavity is not flooded. >

1

The releases for this release class are assumed to start at the ti m of
containment failure (65 hours after the initiating event) and continue for
24 hours. The release to the environment is assumed to occur at grade ;
level.

RC2.5E covers the releases associated with late containment failure with*

vaporization releases but no re-vaporization releases for accident
sequences in which core damage occurs within the first 8 hours after the j
initiating event. Scrubbing of in-vessel fission products is successful. ;

*but scrubbing of vaporization releases is not.

The sole contributor to this release class is PDS241. PDS241 is
characterized by loss of main feedwater with failure of emergency
feedwater and failure of the " bleed" portion of " Feed and Bleed"

;

operation. Core damage is assumed to occur within 4- hours after the.
initiating event, followed by vessel failure one hour later. For this

'PDS, the containment spray system is available and the cavity is not
flooded.

.

The releases for this release class are assumed to start at the time of
containment failure (65 hours after the initiating event) and continue for :

24 hours. The release to the environment is assumed to occur at grade i

level.

,

RC2.7E covers the releases associated with late containment failure with !,
*

vaporization releases and re-vaporization releases for accident sequences
in which core danage occurs within the first 8 hours after the initiating
event. Scrubbing of in cessel fission products and re-vaporization

'

releases is successful. but scrubbing of vaporization releases is not.
,

The sole contributor to this release class is PDS241. PDS241 is
.
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characterized by loss ~ of main feedwater with failure of emergency
feedwater and failure of the " bleed" portion of " Feed and Bleed" ,

operation. Core damage is assumed to -occur within 4 hours after the
initiating event, followed by vessel failure one hour later. For this
PDS, the containment spray system is available and the cavity is not

,

flooded.
,

,

The releases for this release class are assumed to start at the time of,

containment failure (65 hours after the initiating event) and continue for
|

24 hours. The release to the environment is assumed to occur at grade ;

level.
,

4

RC2.7M covers the releases associcted with a iate cantainment failure with*

vaporization releases and re-vaporization releases for accident sequences
in which core damage occurs within 8 to 24 hours after the initiating
event. Scrubbing of in-vesse, fission products and re-vaporization
releases is successful. .but scrubbing of vaporization releases. is not.

1

The dominant contributors for this release class are PDS145 and PDS242.
The releases for PDS145 are considered to be bounded by the releases for
PDS242. Therefore, PDS242 is use to characterize this release class..

PDS242 is characterized by a station blackout with successful operation of
the emergency feedwater system until the batteries are depleted 8 hours

,

| after the station blackout event occurs. . Core damage is assumed to occur
1
i approximately 10 hours after the blackout event started, followed by
|

vessel failure one hour later. For this PDS, the containment spray system'

is not available and the cavity is not flooded. ;

The releases for this release class are assumed to start at the time of .

t containment failure (65 hours after the initiating event) and continue for
|

L 24 hours. The release to the environment is assumed to occur at grade
level.

1
s
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15:.2.3.2 Insights from Level III Sensitivity Analyses

The results of the consequence analysis were compared with the NRC's health
;

objectives and risk goals. The comparison shows that the System 80+ design meets t

the NRC's large release guidelines and by implication the health objectives are
also net. For the base case consequence analysis. releases due to containment
isolasion failure were the dominant contributors to equivalent whole-body dose
at distance (i.e. 300 meter and one-half mile from the reactor site boundary)
and to early fatalities. Latent fatalities were dominated by releases caused by
late containment failures. To assess the impact of certain assumptions that were
made in performing the consequence analysis which is the level III portion of the '

PRA several sensitivity analyses were performed. The results of the sensitivity i

analyses are summarized in Table 15.2-13.

The major insights from the Level III sensitivity analyses are presented below: ,

Latent fatalities and the equivalent whole-body dose of 25 Rem at.

various distances from the reactor site boundary are not

significantly affected by the point of release of radioactive ,

materials to the environment. However. early fatalities would tend
to increase slightly if all releases occurred at grade level. There

,

'would be a noticeable decrease in early fatalities if all releases
occurred at the top of the containment.

The c 'a n risk of the System 89+ design, as characterized by the.

risk measures described in this report, is relatively insensitive to
containment bypass releases that are not scrubbed prior to their ,

irelease into the environment.

The reliability of the containment isolation function can have a.

significant impact on the overall risk of the System 80+ design.
:
4

Latent fatality is the risk measure that would be most affected if I.

the frequency of basemat melt-through occurreu more frequently than
currently anticipated.

i;
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Because of enhanced features and improvements are incorporated into.

the System 80+ design, the frequency of interfacing system LOCA is '

'several orders of magnitude lower than existing PWRs. Because of
'

this low frequency, containment bypass releases are not major
contributors to the risk of the System 80+ design.

The risk of the System 80+ design is sensitive to the isotopic . ;.

content that is used to characterize the various release classes.

,
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)TABLE 15.213

SUMMARY OF SENSITIVITY RESULTS OF RISK CONSEQUENCES FOR SYSTEM 80+

CASE DESCRIPTION PROBABILITY OF EXCEEDING .
No.

25 Rems 25 Rems 1EARLY ILATENT i
@ 300 M @ % Mi FATALITY FATALITY

BASE AS DESCRIBED IN SECTION 13 2.3E48 1.8E48 1.6E49 1.9E-07 ,

1A RELEASES OCCUR AT TIIE TOP OF Tile 2.0E-08 1.8E-08 7.0E-10 1,9E-07 ;
'

CONTAINMENT (173.2 ft OR 52.8 M)

IB RELEASES OCCUR AT GRADE LEVEL 1.9E48 1.9E48 1.7E-09 ' 1.9E47 .

2 INCREASED IODINE AND CESIUM RELEASE 3.6E48 2.3E48 4.3E49 2.1E47
FRACTIONS

__

3 CON!/.iRAENT BYPASS RELEASES UNSCRUBBED 2.2E48 1.8E-08 1.8E49 1.9E47

4 CONTAINMENT ISOLATION SYSTEM IS LESS 1.9E-07 1.7E-07 1.6E48 . 3.7E.07
RELIABLE

!

5 BASEMAT MELT-TliROUGil OCCURS MORE 2.3E-08 I.8E48 1.6E49 3.2E-07

FREQUENTLY
r

6 ISLOCA OCCURS MORE FREQUENTLY 7.2E48 6.2 E-08 2.0E49 2.4 E-07
,

1

i

t

1

4

,

P

t
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Figure 15.2-3
TOTAL CCDF @ 300 METERS FOR ALL RELEASE CLASSES

10-5
4

- _

~

l

-610
- ;
_

i

- \
,

_ \
-7

p 10
'

D '\e
Q \
# \
$ \

10~8
\

!\
\

'

\

| \
10~9

.

!

10-10
1 3 l 11111 1 1 111111 1 1111||1 i | |1111| 1 ; q||11 i i iiiij ; ; j gi;;; g g g;;;;;

10~3 10-2 10"I 10 10 10 10 10 10
0 I 2 3 4 0

DOSE (rems)

,

15-83
|

- - - _ - - _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ , _



.i

Figure 15.2-4
TOTAL CCDF @ 1/2 MILE FOR ALL RELEASE CLASSES
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Figure 15.2-S
TOTAL CCDF FOR EARLY FATALITY FOR ALL

RELEASE CLASSES
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Figure 15.2-6
TOTAL CCDF FOR LATENT FATALITY FOR ALL

RELEASE CLASSES
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-15L3 EXTERNAL EVEN1S RISK PROFILE INSIGHTS [
,

The external events analyses for the System 80+ design included both qualitative
and quantitative- analyses. Bounding site characteristics were used for the ,

quantitative analyses to minimize potential future restrictions on plant siting.
The qualitative external events evaluation involved the followingi (1) . >

identification of the external events to be considered. (2) grouping of events'

,

with similar plant effects and consequences. (3) establishment' of . screening
criteria to eliminate events-that are insignificant contributors to risk, and (4) .|
identification of events that require further quantitative evaluation. Based on
the qualitative evaluation. most of the external events were eliminate from
further quantitative evaluation. Four external events (tornado, fire, flood, and |

. seismic) were identified as having the potential to induce system . failures and '

therefore required further quantitative evaluation.
,

The major findings and 1,; sights obtained for tornados. fires. and floods are
provided in Sections 15.3.1.15.3.2. and 15.3.3 respectively. The major insights

;

for seismic events is not currently available and will be provided later.'
-

15.3.1 Insights from the Tornado Strike Analysis
.

The core damage frequency due to tornado strike events is calculated to be 2.5E-
07 per year. The dominant contributors to the core damage frequency of tornado

,

strike events are provided in Table 15.3-1. For the System 80+ PRA it is assumed
offsite power will be lost for more than 24 hour due to a tornado strike event.
It is also assumed that the turbine-generator will be unable to runback and pick

'
up hotel loads following a tornado strike event. Thus. the tornado strike
considered in the analysis is an event v.hich requires actuation of the emergency
diesel generators due to the loss of offsite power. The alternate standby AC

source is assumed to be unavailable due to the tornado strike and is therefore
not credited in the analysis.

Three dominant accident sequences were identified for tornado strike events:
TRND-4. TRND-SBO. and TRND-5. The calculated frequencies for these accident
sequences are 2.5E-07.1.7E-8. and 4.1E-9 per year respectively.

15-87
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TRND-4 is an accident sequence which involves a tornado strike event.

followed by successful opening and reseating of the primary safety valves,
failure of decay heat removal, and failure of the SIS. For this sequence,
the EFWS is used to remove decay heat from the RCS until shutdown cooling

entry conditions are met. Once shutdown cooling entry conditions are met.
the SCS would be aligned for decay heat removal. However, the SCS fails

to perform its function and consequently the only other means of removing '

decay heat from the core is via " feed and bleed" operation. In order for
" feed and bleed" to be successful both the " bleed" portion and the " feed"
portion must operate. In addition to SCS failure. " feed" also fails for
this sequence. This results in the termination of decay heat removal and
consequently core damage occurs. The dominant contributors to this'
sequence are: (1) common cause operating failure of the emergency diesel
generators. (2) operating independent failure of the emergency diesel
generators.

TRND-SB0 is an accident sequence which involves a tornado strike event.

followed by station blackout with battery depletion. For this accident
sequence, the emergency diesel generators also fail and the only
mitigating system available is the EFWS. using the turbine-driven pumps.
After eight hours of operation the batteries would be depleted and long
term decay heat removal would be terminated. Consequently, core damage

1

occurs. The dominant contributors to this sequence are: (1) blockage of
the station service water intake structure due to tornado generated
debris, (2) common cause failure of the emergency diesel generators, and
(3) independent demand failures of the emergency diesel generators.

TRND-5 is an accident sequence which involves a tornado strike event.

followed by failure of long-term decay heat removal and failure of the
SDS. This accident sequence is similar to TRND-4, except that " bleed"
fails instead of " feed" The dominant contributors to this accident
sequence are: (1) blockage of the station service water intake structure.
(2) failure of the operator to initiate " feed and bleed". (3) common cause
operating failure of the emergency diesel generators.

15-88
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The major insight gained from the tornado strike evaluation is that the single
most dominant contributor to core damage is caused by blockage of the intake j

structure. Blockage of the intake structure for the station service water pumps
is caused tornado generated debris. Blockage would result in loss of cooling

,

I water to the emergency diesel generators and all safety-related motor-driven
pumps. The EFWS. using the turbine-driven pumps, would be the only means of |

removing decay heat from the core until the batteries are depleted.

15.3.2 Insights from the Fire Risk Assessment
.

A qualitative fire risk assessment was performed for the System 80+ design. The i

evaluation addressed each of the fire areas defined, except the containment area '

and the control room area. Each fire area was analyzed to assure that in the
event that all the active equipment in the area affected by a fire were rendered

.

Iinoperable, redundant systems, trains, or channels would be available in another
fire area. This would enable safe shutdown to be achieved and maintained, In
performing the fire assessment is was assumed that the fire would not' spread to
adjacent areas due to the presence of 3-hour fire barriers between each of the !

y

areas. It also was assumed that no challenges to redundant systems would be !

experienced as a result of the fire. Finally it was assumed that redundant ;
isystems and equipment are not rendered inoperable by events not related to the

fi re. !

i

A quantitative assessment of the risk due to internal fires can not be made at
this time because detailed design information for cable routing and the fire
detection and fire suppression system is not presently available. However, a ,

scoping evaluation is performed to assess the risk due to internal fires in areas
of the Nuclear Annex other than the containment or the control room. Two types
of fires were considered in the scoping evaluation: (1) a fire in an area which
could disable safety-related equipment in that area and which has the potential ,

for initiating a transient. and (2) a fire in an area which by itself could
disable safety-related equipment but would require would require the penetration
of a fire barrier in order to initiate a transient. The first type of fire is
designated as type "a" and the second type as type "b" The fire ignition

sources and frequencies by applicable areas are presented in Table 15.3 2.

15-89
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!
Although a detailed quantitative analysis of internal fires was not performed at |

this stage of the System 80+ design, a scoping estimate of the risk due to fire
was calculated by using a conservative scoping valve (2.7E-02 per year) for fire [
event frequency and by assuming that the effects on plant systems would be the !
same as a loss of one division of component cooling water / station service water.
Using this approach, the estimate core damage frequency due to internal fires is |
1.9E-08 per year. !

,

15.3.3 Insights from Internal Flood Analysis

The System 80+ plant design emphasizes the elimination and minimization of
,

potential flood sources within safety-related areas as a means of flood

protection. For example, station service water and component cooling water heat
exchangers are located outside the Nuclear Annex. Water-cooled components within ;

the Nuclear Annex are cooled by Component Cooling Water. with the exception of
;

HVAC equipment which is cooled by chilled water systems. These cooling water ~ !

systems are closed systems with a defined volume of water. The . safety related
,

cooling water systems are separated by division with no open cross connections,
thus eliminating the possibility of a single pipe break from flooding one
division and the other division being lost due to loss of pressure -boundary
integrity. Condenser circulating water is also located outside of the Nuclear
Annex. These features reduce in-plant cooling water to a limited volume which

!

can be easily accommodated to limit the extent of flooding.
.

The System 80+ control complex is protected from flooding in that no water lines
,

are routed above or through the control room or computer room. Water lines |
routed to HVAC air handling units, around the control room, are contained in !

rooms with curbs which prevent any potential water leakage from entering the !
control room or computer room.

,

Protection from external flooding is provided by elevated building entrances. '

Secondary flooding sources located in the Turbine Building are confined to that
building. Entrances from the Turbine Building to the Nuclear Annex are
sufficiently elevated to allow operator action to isolate a break in the ,

Condenser Circulating Water System before the water level from the Turbine ;

'
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Building flood reaches the Nuclear Annex entrance. Lengths of high energy and f
moderate energy piping have been minimized by equipment location. Equipment is
located in quadrants around the spherical containment to minimize the lengths of I

piping runs. The subsphere provides further close proximity of equipment to
'reduce piping runs from containment.
!

Flood barriers have been integrated into the design to provide further flood
protection while minimizing the impact on maintenance accessibility. The primary
means of flood control in the Nuclear Annex is provided by the structural wall j

which serves as a barrier between redundant divisions of safe shutdown systems
;

and components.

Each half of the subsphere is compartmentalized to separate redundant safe
shutdown components to_ the extent practical, while maintaining accessibility
requirements. The subsphere. which houses the front line safety systems is
compartmentalized into quadrants. with two quadrants on either side of the
divisional structural wall. Flood barriers provide separation between the
quadrants, while maintaining equipment removal capability.

The detailed information needed to identify the potential flood sources and flood
levels, such as pipe routing, flood curbs and flood barriers, is not available
at this time. However for estimating the flood event frequency, it was assumed
that flooding could occur due to: (1) the rupture of pipes connected to the water
sources such as In-containment Refueling Water Storage Tank (IRWST). Emergency

Feedwater Storage Tank (EFWST). and Component Cooling Water System (CCWS); (2)

the rupture of the EFWST itself; or (3) the rupture of the main feedwater piping.
In addition, it was assumed that pipe ruptures could potentially occur in either
the suction leg or the discharge leg of an ESF pump. Therefore, there are 2 pipe
sections associated with each ESF pump that could be a potential source of
flooding. The tank rupture was assumed to be a catastrophic failure, resulting
in spillage of all its contents to the floor immediately. Isolation of the
flooding source was not credited in determining the flood event frequency. The
worst credible flood event would affect only one division of the ESF equipment.

Although a detailed quantitative analysis of internal floods was not performed
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,

at this stage of the System.80+ design a' scoping estimate of the risk due. to j
.

flood was calculated by using a conservative scoping valve (1.0E-02 per year) for
. flooding event frequency and by assuming that the effects on plant systems would !

- be the same as a loss of one division of component cooling water / station service
water. Using this approach, the estimate core damage frequency'due to internal
fires is 6.9E-09 per year. ;
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Table 15.3-1 .

CORE DAMAGE FREQUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEQUENCES |

'BY INITIATING EXTERNAL EVENT

MEAN CORE DAM AGE
FREQUENCY CONTRIBUTION

SEQUENCE ERROR
NUMBER SEQUENCE EVENTS / YEAR FACTOR

:
'

TRND-4 (TRND)(FSV Rescat)(Delivery of Emergency 2.50E-07 6.36
Feedwater OK)(Long-term Decay Heat Removal
Fails)(Safety Depressurization for Bleed OK)
(Safety Injection for Feed Fails)

.

'
TRND.SBO (TRND)(Station Blackout with Battery Depletion) 1.69E438 6.99

TRND-5 (TRND)(FSV Rescat)(Delivery of Emergency 4.08E-09 8.99
Feedwater OK)(Long-Term Heat Removal Fails)
(Safety Depressurization for Bleed Fails)
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Table 15.3-2
-

| FIRE IGNITION SOURCES AND FREQUENCIES BY APPLICABLE FIRE AREAS

!

FIRE AREAS / ROOMS FIRE IGNITION SOURCES FIRE FIRE FREQUENCY
TYPE (EVENT / YEAR)

Auxiliary Building Electrical Cabinets a 1.9E-02
Pumps 1.9E-02

Switchgear Room Electrical Cabinets a 1.5E4)2

Cable Spreading Room Electrical Cabinets a 3.2 E-03
..

1'

Diesel Generator Room Diesel Generators b 2.6E-02
~

Electrical Cabinets 2.4 E-03

Battery Room Batteries b 3.2 E-03

Reactor Building Electrical Cabinets x

Pumps (see

Note)

Control Room Electrical Cabinets x

Intake Structure Electrical Cabinets x

Fire Pumps & Other

Turbiac Building T/G Excitor, T/G Oil, x

T/G liydrogen,
Electncal Cabinets,
Other Pumps, Boiler
Main Feedwater Pumps

Radwaste Area Miscellaneous x

Components

Transformer Yard Yard Transformers x

Plant-Wide Components Fire protection panels, x

Non-qualified cable run,
junction box in qualified cable,

'
Transformers, Battery
Cahrgers,11 Tanks, Gas2

Turbines, Air Compressors,
Ventilation Sub-systems,
Dryers, etc.

NOTE: For System 80+ plant, fires in these areas may initiate a transient but would not disable safety-related
equipment and, therefore, are excluded from the scoping evaluation.
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15.4 SHUTDOWN AND LOW-POWER OPERA 110N RISK INSIGHTS

A study of the risk associated with the low power and shutdown modes of operation

was performed (see Section 8.0). The scope of this assessment included the
,

evaluation of both internal events and external events occurring during low-power

and shutdown modes of operation.

Event trees were developed and quantified for loss of decay heat remocal (DHR)
L

and loss of coolant inventory as initiating events during Modes 4 through 6. The
core damage frequencies associated with loss of offsite power. fire, and floods
were also quantified. In quantifying the core damage frequency (CDF). emphasis

'

was placed on the human errors because they have been shown, in earlier studies,
to be dominant contributors to shutdown risk. The system failure probabilities
were evaluated using modifications to the fault trees presented in Section 6.0.

The results obtained from the shutdown and low-power risk evaluation are
summarized in Section 15.4.1. Similar to the PRA that was performed during power

operation insights were gained for the shutdown risk evaluation. Such insights
are sumnarized in Section 15.4.2.

15.4.1 Results

The estimate core damage frequency attributable tc internal and external events
during shutdown and low-power modes of operation is 8.4E-07 per year. Table

15.4-1 identifies the contributors to core damage frequency (CDF) by shutdown and

low-power modes of operation and by initiating event. Reduced inventory

operation during mode 5 (Mode SR) accounts for 48% of the internal risk. Loss

of DHR is the dominant initiator for accident sequence in this mode of operation.
(This mode of operation and sequence were also identified in earlier PRAs as
being the dominant contributors to CDF.) Internal events occurring during modes
6E and 61' are the second leading contributors (29%) to CDF. During mode 6E or

61. the IRWST is empty and therefore not available as a source of coolant for any
makeup or feed and bleed operation. LOCA is the dominant initiator for accident
sequence in.this mode of operation because the capability to provide makeup to
the core is limited. The third leading contributors to CDF occur during Modes

15-95
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:
:
.

!
4. 5. and 6F (IRWST full).. Loss of offsite power is the dominant initiator for i

'accident sequence during this mode of operation because of the long time interval
spent in this configuration and the need to restore AC in about two hours. '

:
i

The importance of the various internal initiating event types in terms of CDF
contribution is also shown in Table 15.4-1. Loss of offsite power (LOOP) is the
leading contributor (39%) to CDF for internally initiated events during low-power *e

and shutdown modes of operations. Even with requirements for two switch-yards
and two standby generators to be available during shutdown, the risk was not i

negligible. Loss of DHR was the second largest initiating event type in terms
of contribution to CDF (36% of internal CDF). :

:

Fires (3.0E-07 per year) account for 36% of the total internal and external CDF f
during shutdown and low-power operations. The flooding CDF was calculated to be |
8.2E-8 per year and was modeled as part of the LOCA risk.

>

Table 15.4-2 compares the CDF for low-power and shutdown events with those for
power operation. The CDF for low-power and shutdown modes is 30% of the total

.

CDF. The CDF for shutdown and low-power events is significantly less than the
iEPRI goal of 1.0E-05 per year. The total System 80+ CDF is also less than the

EPRI goal. j
,

Table 15.4-3 lists the dominant sequences leading to core damage. Loss of DHR !

in reduced inventory accounts for 24% of the internal event CDF. LOOP in Modes !
4. 5, and 6F is the second largest sequence. LOCAs in Modes 6E. and 61 when the [
IRWST and SIS is not necessarily available are the third largest sequence. ;

,

Table 15.4-4 compares the results of this study with other shutdown PRAs. In all .

these studies, loss of DHR during reduced inventory is the largest single
contributor. The lower total CDF for System 80+ is due to design improvements.
The System 80+ has two dedicated Shutdown Cooling Systems (SCS) that can also be ;

used to feed coolant from the IRWST in a LOCA or during reduced inventory
,

operations. The Containment Spray System (CSS) pumps are installed as spares to j

the SCS pumps. The System 80+ has a four train Safety injection System (SIS) and |
a new technical specification requires that two trains be available during most

15-96 |
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shutdown modes. This coupled with an IRWST gives.added LOCA protection and a DHR

path using feed and bleed. |
|
1

This study was performed as a part of the System 80+ design process and had an
impact on the design. For example, the cross-connect valves for the CSS were .;
replaced with MOVs which resulted in an improvement in the restoration of DHR. !

This PRA has been used to help develop technical specifications. For example. -

a new technical specification for two SIS trains to be available in modes when
;

the IRWST is available is being considered. !
!

|
15.4.2 Insights

;

The insights from the low-power and shutdown modes of operations are listed i

below. General insights are provided as well as more specific insights as they
relate to the type of initiator.

.

|

General Insichts

!
'

The general insights for low-power and shutdown modes of operation are listed
below. 1

r

The initiating event frequencies are higher-than Mode 1 operation.
,

because of the greater opportunity for operator errors during .

outages. Operator training and management control of plant
configuration is important to reducing shutdown events and risk.

The operation and maintenance personnel must have the procedures.. >

training and spare parts to restore DHR in a timely manner. SCS i

operation is the true end-state for shutdown sequences. !

,

Most systems are manually started or aligned in shutdown modes..

Training is especially important because the operator must be able
,

to cope with the plant in an unplanned configuration. !i

'

The concept of defense in depth applies to shutdown modes as well as .

.

15-97
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i

Mode 1. The more ways that the operator can maintain coolant
inventory and remove decay heat the lower the risk. The presence ;

of SIS capability in shutdown is an example of added defense in !

depth.
.

t
;

Loss of DHR Insights !
;

The major insights from the loss of decay heat removal during low-power and
'

shutdown modes of operation are listed below:
;

Reduced inventory is the most critical operation. The operator ;.

should be aware of this and plant activities should be scheduled !
accordingly. Use of nozzle dams is encouraged as a method of
limiting the time spent in this mode.

,

. .i

The operator must have procedures and training to align the SCS i.

train to the IRWST and use it to makeup inventory or do a feed and
bleed operation.

-;

Failure of the standby SCS train for either DHR or feed operation is*

dominated by failure of control valves and MOVs. An aggressive +

valve testing and maintenance program on the SCS and CSS would
reduce shutdown risk. '

The use of the CVCS to makeup inventory is an important recovery [
.

action in reduced inventory operation. It also acts as a temporary !

(about 12 hours) cooling technique. The operator should have !
procedures and training on its use. l

Safety injection in conjunction with bleed is an important means of.

removing decay heat during shutdown modes. Having two of the four i

SIS trains available during most shutdown modes is an important new ;

1 technical specification. 2

The CSS pumps are used as backup to the SCS pumps. The operator.
.

L 15-98 ,
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must therefore be properly trained in performing the procedure (s) to
alignment the CSS pumps for operation if. the SCS pumps should fail.
Again valve maintenance and testing is important for shutdown risk
reduction.

LOCA Insichts

The major insights for LOCAs during low-power and shutdown modes of operation are

listed below: .

:

i

SCS injection is an important means of makeup following a LOCA. |.

Therefore, the development of appropriate procedures and the
training of the operator to perform these procedures are necessary
and important in mitigating LOCA events during low-power and
shutdown modes of operation. ,

The dominant failure mode for SCS feed is failure of control valves.

and MOVs. A valve maintenance program is important.

The use of the SIS to provide injection during a LOCA important..

Since manual actuation is required, training and procedures are
required-to properly accomplish .this task.

The CVCS is another important means of makeup following a LOCA and.

with proper training and procedures this system will most likely be
available when required.

For LOCAs located in the containment, the IRWST acts as a sump and.

makes the coolant available for injection. Procedures are needed to
ensure that flow paths are maintained during the outage.

LOOP Insiahts

The insights for loss of offsite power during low-power. and shutdown modes of

15-99
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operation are listed below:

f

The new technical specification for having two of the three standby |
.

and emergency generators available reduces the CDF. '

The reliability of the two switchyards is . - important to risk
{

.

reduction for LOOP. Procedures to control maintenance in both these
areas at the same time should be considered. |

Because of the nature of LOOP events, the importance of restoring a '=

source of AC to the nuclear facility must be emphasized.

Fire Risk Insights

i
.

The major insights for fire events occurring during low-power and shutdown modes
of operation are listed below: '

i

The frequency of fires in outages is high because of the maintenance.

activities and can be reduced by training. |

!

The owners of the facility must maintain a well trained and prepared.

fire brigade.

In order to maintain the validity of the assessment of the level of.

fire risk associated with the System 80+ design. separation must be
maintained between systems comprising the alternate success paths
within a quadrant. Separation between systems implies not only
separation between their major components but also separation
between their power supply and control cables.

Floodino Risk Insichts

The major insights for flooding events that occur during low-power and shutdown
'

modes of operation are listed below:
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!
.

,

In order to maintain the validity of the assessment of the level of ;.

I. flooding risk associated with the System 80+ design, separation must |

,

| be maintained between systems comprising the alternate success paths
within a quadrant. Separation between success paths implies not |

!

only separation between their major components but also separation i

between the associated power supplies.
.
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}
Table 15.41 |

!

FREQUENCY OF CORE DAMAGE FOR SHUTDOWN EVENTS |

:

!Low-power & Internal Events Total
Shutdown Modes i

Loss of DHR LOCA CDF LOOP CDF |
CDF

2. 3 1.5E-08 1,5E-08
!

4,5,6F 1.1 E -09 1.4E-09 1.0E-07 1.1 E-07 f

i

SR 1.5E-07 2.5E-08 8.2E-08 2.6E-07
~

.

6E,61 3.9E-08 1.1 E-07 1.0E-08 1.6E -07 !

Total CDF for Internal Events 5.4E-07
i-

4,5,6E 6F,64 External Events (Fire) 3.0E-07 {
!
i

Total CDF for Internal and External Events During tow-power & Shutdown Modes 8.4E-07 [

!

SR Mode 5 with reduced RCS inventory j
6E Mode 6 with IRWST empty and upper internals removed t

6F Mode 6 with IRWST full
61 Mode 6 with IRWST empty and upper internals in place t

!

i

I

i

!

h

!

i,

5

!

!

!

,

d

i

i
!
>

i
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lTable 15.4-2
CORE DAMAGE FREQUENCY CONTRIBUTION BY INITIATING EVENT [

.

MEAN CORE :

DAMAGE- ERROR PERCENT j
INITIATING EVENT FREQUENCY FACTOR- OF TOTAL !

!

Large Loss-Of-Coolant-Accident (LLOCA) 1.1E-07 5.8 - 6.6 |
Medium less-Of-Coolant-Accident (M LOCA1) 1.4 E-07 5.3 8.3 l

Medium Loss-Of-Coolant-Accident (MLOCA2) 1.7E.07 5.8 9.8 ,

Small Loss-Of-Coolant-Accident (SLOCA) 2.0E-07 10.9 11.8 :

Large Secondary Side Break (LSSB) 1.9E-09 14.1 0.1 i

Steam Generator Tube Ruptore (SGTR) 2.9E-07 11.8 16.9 |
less of Feedwater Flow (LOFW) 5. lE-07 4.8 30.1 !
Other Transients (TOTH) 7.6E-08 6.0 _ _4.5 l
Loss Of Offsite Power (LOOP) 1.9E-08 7.7 1.1 ;

Station Blackout with Battery Depletion 2. l E-08 9.2 1.3 !
less of Component Cooling Water (CCW) Div 2 4.9E-10 10.2 0.0 j
less of 4.16 Kv Bus. 3.5E-10 6.5 0.0 [
Loss of 125 VDC Vital Bus 1.8E-10 4.4 0.0 .

Anticipated Transient Without Scram (ATWS) 5.4E-08 8.5 3.2 j

interfacing System LOCA 5.2E-10 234.0 0.0 |
Loss of IIVAC 6.4 E-09 14.9 0.4 ;

Vessel Rupture 1.0E-07 10.0 5.9
-1

Internal Events - Total 1.7E-06* 2.7 100.0 .
,

|

!

Tornado Strike Events 2.5E-07 7.1 90.7 ]
Fire (scoping estimate) 1.9E-08 * * 6.8 j
Flood (scoping estimate) 6.9E-09" 2.5 :;

I
External Events - Total 2.8E-07'* 100.0 - ,

i
:t

!
*

Internal Events 1.7E-06 2.7 60.0

i
External Events 2.,8E-07" 10.1 |

Shutdown Risk & Low-power (int. & Ext.) 8.4 E-07" 29.9

TOTAL 2.8E-06" 100.0 ;|

i
i

* This value represents the mean of the combined accident sequences for internal initiators, and not the sum i

of the mean for each internal initiator. !
** Best Estimate. j

.
a

0
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Table 15.4-3

1

CORE DAMAGE FREQUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEQUENCES I
BY INITIATING INTERNAL EVENT DURING S11UTDOWN & LOW-POWER OPERATION -

MEAN CORE DAMAGE
FREQUENCYCONTRIBUTION |

3

MODE OF % of
OPERATION SEQUENCE EVENTS / YEAR TOTAL |

i

?

SR (LDHR)(Failure to Restort Operating SCS Train)(Failure to 1.3 E-07 24.0 [
makeup using CVCS or SCS)(Bleed OK)(Safety injection for !

Feed fails)
I
!

4,5,6F (LOOP)(Failure of Alternate Switchyard, Emergency Diesel) 1.0E-07 19.0 :

(Failure of Alternate AC Source)(Failure to Restore AC) !

!
- t

6E, 61 (LOCA)(Failure to isolate LOCA)(Failure of SCS Injection) 8.6E-08 16.0 [
(Successful makeup by CVCS)(Failure to Restore DHR in 12 {
Hours) |

' !
SR (LOOP)(Failure of Alternate Switchyard, Emergency Diesel) 8.2E-08 15.0 :

(Failure of Alternate AC Source)(Failure to Restore AC) i

I-

:
61 (LOOP)(Failure to Restore SCS Operating Train)(Failure to 3.1 E-08 5.7 - '

;

Start Standby SCS Train)(Failure to use CSS Pumps for Heat ;

Removal)(Failure to Restore DilR in 18 Hours)
>

i
$R (LDHR)(Failure to Restore Operating SCS Train)(Make by 1.6E-08 3.0 f

CVCS OK)(Failure to Start Standby SCS Train)(Bleed OK) !
(Failure to Recover SCS in 12 Hours)

'

!

2, 3 (LOOP)(Failure of Alternate Switchyard, Emergency Diesel) 1.5E48 2.8 . f
(Failure of Alternate AC Source)(Failure to Restore AC)

'

s

!

6E, 61 (LOOP)(Failure of Alternate Switchyard, Emergency Diesel) 1.0E48 2.0
(Failure of Alternate AC Source)(Failure to Restore AC)

,

SR (LOCA)(Isolation of IACA OK)(Failure to Provide Makeup) 9.9E49 1.8
(Blerx! OK)(Safety injection for Feed Fails) ;

.!
t
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TABLE 15.4-4 |

COMPARISON OF Sif 0TDOWN PRAs !

.!
,

EVENB STUDY NUREG/ SEABROOK -!

TYPE SYSTEM 80+ NSAC-84 CR-5051 STUDY f
'

TOTAL CDF 8.4 E-7 1.8 E-5 5.2E-5 4.5E-5

REDUCED INVENTORY 31 % 61 % 64 % 71%

'

LOSS OF DliR 23 % 71 % 82 % 61 %

LOCA 16 % 10 % 8% 18 %

LOOP 25 % 0.7 % 10 % 6%

FIRE 36 % 4%
,

I

OTilER I1% ;

,

!

,

!

.. ;

>

g
.

!

i

!

5

,

:
'1
i

o

L
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15.5 USE OF PRA IN THE DESIGN PROCESS

Probabilistic Risk Assessment (PRA) was used extensively in the System 80+ design j
process. PRA was used to confirm that the System 80+ design complied with t1e ;

applicable risk goals., and to select among the alternate design options.

!
The insights gained from past PRAs. especially the System 80. were tSed to |

.C

identify vulnerabilities in operating plants. This information was then used to
, ,

incorporate features in the System 80+ design that reduced or eliminated these
vulnerabilities. PRA was then used to confirm the risk reduction associated with
these improvements. Examples are the risk reduction presented in Section
15.2.1.1 for LOOP /SBO SGTR. transients, small LOCA, and ATWS accident sequences. ;

in Section 15.2.1.1.

i
.Another use of the PRA in the System 80+ design process, which was also of a
confirmatory nature, was to demonstrate compliance with applicable risk goals. ]'

In performing the PRA tor System 80+. failure of the safety depressurization
valves and the cavity flooding valves due to seismic failure of the_ir dedicated j

inverters at relatively low acceleration was determined to be potentially risk
.signi ficant. Therefore, a design requirement for seismic' isolation of these

j. inverters was added.

The System 80* PRA was also used to evaluate design alternatives. The major
,

, .

design options are cited below. .i

COMPONENT COOLING WATER SYSTEM CONFIGURATION

Early in the program. System 80+ had a standby, safety related Essential
Component Cooling Water System and Essential Service Water System for cooling.
safety related loads. Demand failure of the pump and valves in these systems j

were found to be significant risk contributors. As a result, the System 80+ was
changed to a normally operating Component Cooling Water System (CCWS) and a '

Station Service Water System (SSWS) where the non-safety loads can be shed when

i required. The selected CCWS and SSWS have two divisions with two pumps in each

division. One pump in each division is normally operating and the second pump i
,

'
15-106
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.

is in standby and will start if the operating pump in the same division trips.
A subsequent evaluation was also made tc determine if the standby pumps had to .

t

be automatically loaded on the emergency diesel generators and started following *

a LOOP event. The evaluation indicated that there would be no significant risk |
impact if the standby pumps were aligned to the emergency diesel generators !

following a LOOP event but were not started unless the previously operating pump ]
fails to restart. Thus larger and consequently less reliable emergency diesel ;

generators were not required. |,

EMERGENCY AC POWER CONFIGURATION

The System 80+ design includes two emergency diesel generators which provide [
power to the safety related loads following a LOOP event. In addition there is :

also a standby alternate AC power source (combustion turbine) which can be i

aligned to either of the safety related 4.16 KV buses in the event of a failure
of one of the emergency diesel generators. The alternate AC power source is ;

sized to provide power to a set of non-safety loads which, from an operational
stand-point, is desirable following a LOOP event. PRA was used to compare two

configurations of emergency power: (1) two emergency diesel generators plus a
;

combustion turbine and (2) four emergency diesel generators. The comparison .;

indicated that the four diesel generator configuration was slightly, but not i

significantly, more reliable than the configuration which included two diesels ;

and a combustion turbine. However, the four diesel generator configuration did j
not provide power to the permanent non-safety loads. In addition, the four ';

Idiesel generator configuration would have a significant impact on plant size. ;

cost. and layout because of the need for two additional divisions of diesel ;
'

support systems such as cooling water, starting power and fuel supplies.
i
;

EVALUATION OF SAMDA !

|

The System 80+ PRA was also used to evaluate eleven Severe Accident Mitigation
]

Design Alternatives (SAMDAs). The selected alternatives were based on the
Design Alternatives evaluated for Limerick and on the results of the System 80+
PRA. The design alternative analysis used a bounding technique. It was assumed

F that each design alternative worked perfectly and completely eliminated the

15-107
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|

accident sequences that the design alternative addressed. This approach
maximizes the benefits associated with each design alternative. The eleven

,

design alternatives are 1-isted below:

A perfect containment spray system (i.e. . zero failure probability).

that prevents high pressure containment failures caused by slow
steam pressurization.

A filtered vent design that prevents all slow high pressure ;.

containment failures. !
!

An improved DC batteries and EFWS design alternative that allows for.

decay heat removal during a station blackout event by using the
{

batteries and the turbine-driven pumps of the EFWS for the time
period that is required (without any failures).

A reactor coolant pump seal design that cannot withstand loss of.

cooling to the seals which would then lead to seal LOCA and
consequently core damage.

.

An auxiliary spray system alternative design that always |
.

.

depressurizes the primary . system (during SGTR events) with
sufficient speed to ensure that the SCS would always remove decay
heat.

A system of relief valves that prevents any equipment damage from a i.

primary pressure spike following an ATWS event.

An ideal concrete composition that prevents base-mat melt-through..

A reactor vessel exterior cooling system that prevents vessel melt-.

through and direct containment heating.
Ideal hydrogen (H ) igniters that prevents containment failures from.

2

hydrogen burns or explosions.
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A high pressure safety injection system alternative design that q.

eliminates most sequences with high pressure failures.
,

A perfect safety depressurization system that quickly depressurizes* i

the primary system to allow the SITS and safety injection pumps to i

be used for delivering coolant to the core and for removing decay
heat. '

4

The estimated cost (in millions of dollars) and benefits (in person-rems of risk |
reduction) for each of the above design alternatives are presented in Table 15.5-

;

1. None of the above design alternatives was found to be cost-beneficial.
:

!,

I

:

;

!

.

I

!

|

!

1
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Table 15.5-1 '!

I

'|
Summary Of the Risk Reductions Of the Design Alternatives i

J

r

DESIGN ALTERNATIVE PERSON-REM NET CAPITAL ;

REDUCTION BENEFIT 4

(%) ($M) *
;

PERFECT CONTAINMENT SPRAY SYSTEM 90.0 (1.5) ,

FILTERED VENT 86.0 (10.0)

IMPROVED DC BATTERIES AND EFWS 69.0 (2.0)
,

REACTOR COOLANT PUMP SEAL COOLING 16.5 (0.1)

PRESSURIZER AUXILIARY SPRAY 6.7 (5.0) I

ATWS VALVES 4.2 (1.0)

IDEAL CONCRETE COMPOSITION 2.5 (5.0) f
:

REACTOR VESSEL EXTERIOR COOLING 2.5 (5.5) |
,

H IGNITERS 0.1 (1.0)2

HIGH PRESSURE SAFETY INJECTION 0.0 (20.0)

REACTOR COOLANT SYSTEM DEPRESSURIZATION 0.0 (0.5)

!

r

i

* Negative benefits (costs) are indicated by parentheses ( ). ,

I

.

b
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15.6 USE OF PRA TO SUPPORT CERTIFICATION ACTIVITIES

The System 80+ PRA results and insights are used in support of pre- and post-
certification activities. The majority of the insights are identified during the
pre-certification stage of the design. As a result, this has lead to further 1

improvements in the design to eliminate or minimize potential vulnerabilities' '

during the review process. The following activities include the use of PRA '

insights in support of design certification process.
,

Understanding of the design robustness to severe accidents - PRA.

insights are used to develop an in-depth understanding of the |
robustness and tolerance of the System 80+ design to' severe '

accidents initiated by events which are either internal or external
to the plant systems.

:

Importance of operator interface with the design - PRA insights are.

used to identify risk significant human errors associated with the
System 80+ design. By characterizing the. risk significant human I

error, new operating procedures can be developed or existing ;

procedures refined to provide better training to plant operators.
i
,

Development and implementation of other programs - the PRA results.
,

and insights were used to systematically identify the key
'

assumptions, major operator actions, and risk significant components
that characterize the "present" risk of the System 80+ design. This
information was used to support such programs as: (1) Design
Acceptance Criteria (DAC). (2) Inspection tests, analyses, and
acceptance criteria (ITAAC). and (3) Reliability Assurance Program

,

(RAP). |
.

The PRA for the System 80+ design provides adequate models and associated data |
'

to effectively support the above mentioned certification activities.
!

!
:

'
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defect size, the rod can fill rapidly, but during a power
increase it also expels water or steam readily without a large
pressure buildup. Defects which could result in an opening in
cladding are scrupulously checked for during the fuel rod
manufacturing process by both ultrasonic and helium leak testing.
Clad defects which could develop during reactor operation due to
hydriding are also controlled by limiting those factors; e.g.,
hydrogen content of fuel pellets, which contributes to hydriding.

The most likely time for a waterlogging rupture incident would be
after an abnormally long shutdown period. After this time,
however, the startup rate is controlled so that even if a fuel
rod were filled with coolant, it would " bake out", thus
minimizing the possibility of additional cladding rupture. The
combination of control and inspection during the manufacturing
process and the limits on the rate of power change restrict the
potential for waterlogging rupture to a very small number of fuel
rods.

The UO fuel pellets are highly resistant to attack by reactor
cooland in the event cladding defects should occur. Extensive
experimental work and operating experience have shown that the
design parameters chosen conservatively account for changes in
thermal performance during operation and that coolant activity
buildup resulting from cladding rupture is limited by the ability

( of uranium dioxide to retain solid and gaseous fission products.

4.2.3.2.10 Fuel Burnup Experience

The C-E fuel rod design is based on an extensive experimental
data base and by an extension of experimental knowledge through
design application of C-E fuel rod evaluation codes. The
experimental data base includes data from C-E or C-E/Kraftwerk
Union (KWU) joint irradiation experiments, from C-E and KWU
operating commercial plant performance and from many basic
experiments conducted in various research reactors which are
available in the open literature. Some of these sources are
discussed below. Evidence currently available indicates that
Zircaloy a UO., fuel performance is satisfactory to exposures in
excess of M 000 mwd /MTU (Reference 78).

59

A. Public Information

General fuel performance information available in the open
literature has provided part of the C-E fuel rod design data
base. Particular experiments that have been cited in the
past as key references are:

1. Determination of the effect of fuel-cladding gap on the
linear heat rating to melting for UO fuel rods,
conducted in the Westinghouse test reacto[.

.

Amendment [M O
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times in cycle. Also, the effect of full i seq ion of the
part-strength CEA group on the axial peaking factor isN agligible 1

for stcagy state op9 ration. The three-dimensional . peaking
s then just

(F{'ry
factor, F q, expected during steady-state operation

pl'nar radial peaking factor and thethe product of the a
axial peaking factor. The maximum expected value of F q"is--hee-j
during the first cycle' and, as can be seen from the above'
figures, occurs near the beginning-of-cycle for steady-state,
base loaded operation with no full-strength or part-strength CEA
insertion.

Figures 4.3-24 through 4.3-35 show typical fuel cycle loading
patterns, initial burnup distributions, and planar radial power
distributions for the second and third cycles based on a
refueling interval of approximately 18-months. The expected
power distributions for these cycles are similar to those of the
first cycle except for reduced power in fuel assemblies located
on the periphery of the core and consequently higher radial
peaking factors in the interior region of the core. The expected
power distributions are well within the nuclear design limits
described in Section 4. 3.2.2.2. The uncertainty associated with
these calculated power distributions is discussed in Section
4.3.3.1.2.2.@. |

3
The capability of the core to follow load transients without
exceeding power distribution limitations depends on the margin to
operating limits compared to the margin required for base loaded,
unrodded operation. In order to illustrate the core maneuvering
capability, the results of calculations of the power
distributions and power peaking factors during load following
transients are discussed below. The axial power distributions
are calculated by VISIONS (Reference 2), a three-dimensional
neutron diffusion code that considers the effects of the temporal
and spatial variations of xenon and iodine concentration, CEA
positions, fuel temperature and moderator temperature
distributions, soluble bgron congentration, and burnup. The
nuclear peaking factors Fq and Fr are synthesized in VISIONS
using the calculated three-dimensional coarse-mesh power
distribution and input pin-to-box factors from MC (see Section
4.3.3.1.1.3). Figures 4.3-36 through 4.3-39 show the calculated
axial power distributions and associated nuclear peaking factors
during a typical day of a maneuvering transient to 50 percent of
the full power conditions. Figures 4.3-36 and 4.3-37, which
represent maneuvering transients near beginning-of-cycle and
end-of-cycle, respectively, also show the locations of
full-strength and part-strength CEA groups during the transients.
The transients begin with the lead part-strength CEA group
fully inserted. Throughout the calculation of the

Amendment N
4.3-7 April 1, 1993
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power distribution during these transients it is assumed that the
part-strength CEA groups are available for control of the axial
power distribution. The two part-strength CEA groups are moved
to positions that minimize the difference between the current
shape index and the reference value of shape index that existed |
prior to the initiation of the maneuver. In addition, the |

positions of the part-strength CEA groups supplement reactivity I

control provided by full-strength regulating rods, so that the l

calculated maneuvering transients can be accomplished without '

changing soluble boron concentration to compensate for reactivity
changes due to power level and xenon.

The detailed radial power distribution within any assembly is a
function of the location of that assembly within the core as well
as the time in life, CEA insertion, and other considerations.
The normalized assembly power distribution used for the sample
DNB calculation discussed in Section 4.4.2.2. is shown on Figure
4.3-40. In Section 4.3.3.1.2, the accuracy of calculations of
the power distribution within a fuel assembly is discussed.

4.3.2.2.4 Allowances and Uncertainties on Power
Distributions

In comparing the expected power distributions and implied peak
linear heat generation rate (PLHGR) produced by analysis with the
design limits stated in Section 4.3.2.2.2, consideration must be
given to the uncertainty and allowances associated with on-line
monitoring by COLSS.

The COLSS uncertainty analysis, as applied to System 80, is
described in Section 7.7 and in Reference 1. For monitoring
linear heat rate, COLSS applies an overall uncertainty factor for
linear heat rate measurement, in addition to a power level

applyed to theuncertainty factor of 1.02. These factors are
hCOLSS monitoring of F q, such that a COLSS-measured F q of 2.28,

the chosen design limit for F"q given in Section 4.3.2.2.2, will
not result in exceeding the design limit for PLHGR. The
allowances and uncertainties applied for the COLSS monitoring of
thermal margin to the DNBR limit are also described in Section
7.7 and Reference 1.

4.3.2.2.5 Comparisons Between Limiting and Expected Power
Distributions

1.Q
Ag discussed in Section 4.3.2.2.3, the maximum expected un.o (ed

@hFq that occurs during the first cycle at full power is

Augmen t-ing- th is-v a l ue-by -t he-requ i red -calcu)'q t i on a l-u ncertaintyis f
a

( Reference _3 )_.provid es-a n-u ppe r-1-i m i t-o n -F -o f-2 A 4 which
well below the design target of 2.28. Additionally, the
calculations described in Section 4.3.2.2.3 show that, with

Amendment N ,
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negative change of -0.3 x 10 Ap/*Finthemoderatortemperature{.
Iis reduced. The buildup of equilibrium xenon produces a net

4 I

coefficient; this change is due mainly to the accompanying .

reduction in critical' soluble boron. The changing fuel isotopic !

concentrations and the changing neutron spectrum during fuel
depletion also contribute a small negative component to the '

moderator temperature coefficient. |
t

The dependence of the moderator temperature coefficient on |

moderator temperature at BOC and EOC (at constant soluble boron) :

is shown in Figures 4.3-42 and 4.3-43, respectively. These !

figures also show the expected moderator temperature coefficient i

at reduced power levels (corresponding to reduced moderator
,

temperature) based on power reductions accomplished with soluble ;

boron only and with CEAs only. These two modes of power '

reduction result in the most positive and most negative moderator
temperature coefficients expected ~ to occur at reduced power [
levels. These figures show the expected moderator temperature
coefficient for the full range of expected operating conditions

'

and accident conditions addressed in Chapter 15. '

:
I

4.3.2.3.3 Moderator Density Coefficient

The moderator density coefficient is the change in reactivity per i,

unit change in the core average moderator density at constant ;'(- moderator temperature. A positive moderator density coefficient
.

i

translates into a negative contribution to the total moderator i

temperature coefficient, which is defined in Section 4.3.2.3.2. |
The density coefficient is always positive in the operating j
range, although the magnitude decreases as the soluble boron '

level in the core is increased. The calculated density
coefficient is shown in Table 4.3-4, and curves of density ;

coefficient as a function of density' for several soluble ' boron ;

concentrations are presented in Figure 4.3-44. These curves are
based upon 3-D ROCS calculations and have been generated:over a } i

'
wide range of core conditions. The density coefficients
explicitly used in the accident analyses are based upon core t

conditions with the most limiting- temperature coefficients :
'allowed by the technical specifications. Table 4.3-3 shows a

comparison of the expected values of the moderator temperature
coefficients with those actually used in the accident analyses.

4.3.2.3.4' Moderator Nuclear Temperature Coefficient

The moderator nuclear temperature coefficient is the change in .:
'

reactivity per unit change in core average moderator temperature,
at constant moderator density. The source of this reactivity '

dependence is the spectral effects associated with the change in
thermal scattering properties of water molecules as the internal :

energy, which is represented by the bulk water temperature, is

i.

Amendment Y O !
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of the stuck CEA) to the reactivity worth requirements from Table 1

4.3-6. All required biases and uncertainties have been included I

in the CEA worths of Table 4.3-7. Section 4.3.3 presents
detailed information on biases and uncertainties.

4.3.2.5 Control Element Assembly Patterns and Reactivity
worths

The locations of all CEAs are shown in Figure 4.3-46. The CEAs
designated as regulating control rods are divided into three
groups, the shutdown CEAs are divided into three groups, and the
part-strength CEAs (PSCEAs) are divided into two groups. These
groups are identified, for first cycle operation, in Figure
4.3-47. All CEAs in a group are withdrawn or inserted
quasi-simultaneously. Shutdown groups are inserted after the
regulating groups are inserted and are withdrawn before the
regulating groups are withdrawn. The reactivity worths of
sequentially inserted CEA groups are shown in Table 4.3-5 near
the beginning and end of the first cycle where the maximum ron

(F for these configurations occur. Theradial peakfng factorsf r these tide)s are shown in Table 4.3-8.values of Fr

It is expected that the core will operate essentially unrodded
during full power, base-load operation, except for limited
insertion of the lead PSCEA group or the lead regulating group in

'. . ,

order to compensate for minor variations in moderator temperature
and boron concentration. If the plant is required to perform
load follow operations, such as planned load cycles, the full
power operation of the core may involve full insertion of the
lead PSCEA group to enable control strategies for power changes
which can remove the need for soluble baron level changes.
Movement of the PSCEAs will be restricted only by their effect on
axial power distribution. For operation with substantial
insertion of regulating CEAs, the relationship between power
level and maximum permitted CEA insertion is typified in Figure
4.3-48. This figure also illustrates the regulating group
insertion order (3-2-1) and the 40% fixed overlap between
successive regulating groups. Compliance with the power
dependent insertion limits throughout the cycle insures that
adequate shutdown margin is maintained and that the core
conditions are no more severe than the initial conditions assumed
in the accident analyses described in Chapter 15.

Reactivity insertion rates for the safety analysis of the core

ejection).are presented in Chapter 15. The full power CEA
maximum Laccident considers the ejection of one CEA from the

insertion of the lead regulating bank allowed by the PDIL. The j
ejected CEA worth is calculated by taking the difference between
the pre-ejection and post-ejection reactivity of the core
computed by static methods. The maximum ejection CEA worth at
hot full power used in the safety analysis is conservative since

Amendment g O
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FORMAT IS:
DOX FUEL
NO. TYPE MAX, VALUE IN BOX

BOX RPD 1.27 25 .

MAX PIN 1.46 25
.

1 CO 2 C1 3 C1 4 B0

0.68 0.94 0.99 0.90 -

,

1.15 1.32 1.35 1.21

5 C0 6 C7 7 C7 8 B6 9 B6 10 B6

0.60 0.81 1.08 1.12 1.14 1.15
1.01 1.24 1.32 1.31 1.21 1.33-

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0

0.69 1.00 0.85 1.16 0.98 1.19 0.98
,

1.09 1.30 0.94 1.38 1.05 1.33 1.05

18 CO 19 C7 20 A0 21 C8 22 A0 23 85 24 A0 25 C8 ,

0.60 1.00 0.85 1.20 0.92 1.19 0.94 1.27
1.01 1.29 0.94 1.40 1.00 1.38 1.02 1.46

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0 -

0.81 0.85 1.20 0.87 1.03 0.90 1.07 0.91
'

1.24 0.94 1.40 0.94 1.22 0.97 1.23 0.99

34 CO 35 C7 36 B5 37 A0 38 B8 39 A0 40 C8 41 A0 42 85

0.68 1.08 1.16 0.92 1.03 0.88 1.23 0.93 1.18

1.15 1.32 1.38 1.00 1.22 0.96 1,42 1.00 1.34

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 86 51 A0

0.94 1.12 0.98 1.19 0.90 1.23 0.94 .1.17 0.96
1.32 1.32 1.04 1.38 0.96 1,42 1.01 1.29 1.03

52 C1 53 B6 54 B6 55 A0 56 88 57 A0 58 B6 59 A0 60 B6 ;

0.99 1.14 1.19 0.94 1.07 0.93 1.17 0.95 1.17

1.35 1.21 1.33 1.02 1.23 1.00 1.29 1.01 1.29

61 80 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0 ,

0.90 1.15 0.98 1.27 0.91 1.18 0.96 1.17 0.95
1.21 1.33 1.05 1.40 0.99 1.34 1.03 1.29 1.00

R,w 'AZ - 3
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FORMAT IS:
BOX FUEL I

NO. TYPE
MAX. val.QE IN BOX |

BOX RPD 1.26 25
MAX PIN 1.46 25 i

1 CO 2 C1 3 C1 4 B0

0.69 0.94 0.99 0.89
1.15 1.32 1.34 1.20

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.62 0.82 1.09 1.12 1.13 1.15
1.03 1.25 1.33 1.31 1.21 1.32 {

11 CO 12 C7 13 A0 14 BS 15 A0 16 B6 17 A0

0.71 1.02 0.86 1.16 0.98 1.18 0.97
1.11 1.31 0.95 1.38 1.05 1.32 1.05

18 CO 19 C7 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.62 1.02 0.87 1.21 0.93 1.19 0.94 1.26 i

1.03 1.31 0.95 1.41 1.00 1.38 1.02 1.45

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0

0.82 0.86 1.21 0.87 1.04 0.90 1.07 0.91

1.25 0.95 1.41 0.95 1.22 0.97 1.23 0.98
'

34 C0 35 C7 36 B5 37 A0 38 B8 39 A0 40 C8 41 A0 42 B5

0.69 1.09 1.16 0.93 1.04 0.88 1.23 0.92 1.17
1.15 1.33 1.38 1.00 1.22 0.96 1.41 0.99 1.33 :

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.94 1.12 0.98 1.19 0.90 1.23 0.93 1.15 0.95
1.32 1.31 1.04 1.38 0.96 1.41 1.00 1.28 1.02

52 C1 53 B6 54 C6 55 A0 56 B8 57 A0 58 86 59 A0 60 B6

0.99 1.13 1.18 0.94 1.07 0.92- 1.15 0.94 1.15
1.34 1.21 1.32 1.01 1.23 1.00 1.28 0.99 1.27

61 B0 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.89 1.15 0.97 1.26 0.91 1.17 0.95 1.15 0.94
1.20 1,32 1.05 1.45 0.98 1.33 1.02 1.27 0.99

i

i
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FORMAT IS:
BOX FUEL
NO. TYPE MAX. VALUE IN BOX *

BOX RPD 1.28 25
MAX PIN 1.46 40

1 60 2 C1 3 C1 4 B0

0.65 0.88 0.93 0.84 |
1.10 1.24 1.26 1.14

5 CO 6 C7 7 C7 8 B6 9 86 10 B6
,

0.58 0.79 1.05 1.08 1.11 1.12
0.99 1.20 1.29 1.27 1.19 1.29

11 CO 12 C7 13 A0 14 BS 15 A0 1G B6 17 A0

0.67 0.98 0.84 1.14 0.98 1.18 0.98
1.07 1.27 0.95 1.36 1.05 1.30 1.06-

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.58 0.98 0.86 1.20 0.94 1.19 0.96 1.28
0.99 1.27 0.94 1.39 1.02 1.36 1.05 1.45

,

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 AO
-'

O.79 0.84 1.20 0.89 1.07 0.93 1.11 0.95
1.20 0.95 1.40 0.96 1.25 1.01 1.28 1.03

34 C0 35 C7 36 BS 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.65 1.05 1.14 0.94 1.07 0.92 1.28 0.97 1.22
1.10 1.28 1.36 1.01 1.25 1.01 1.46 1.04 1.37'

43 C1 44 86 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.88 1.08 0.98 1.19 0.93 1.28 0.98 1.21 1.00
1 24 1.27 1.04 1.36 1.00 1.46 1.05 1.32 1.07

52 C1 53 B6 M B6 55 A0 % B8 57 A0 58 B6 59 A0 60 B6

0.93 1.11 1.18 0.96 1.11 0.97 1.21 0.99 1.20 [
1.26 1.19 1.30 1.03 1.28 1.05 1.32 1.05 1.31

61 00 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.84 1.12 0.98 1.28 0.95 1.22 1.00 1.20 0.99
1.14 1.29 1.06 1.45 1.03 1.37 1.07 1.31 1.05

:
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FORMATIS:
BOX FUEL
NO. TYPE MAX. VALUE IN BOX
BOX RPD 1.26 25
MAX PIN 1A6 25

i CO 2 C1 3 C1 4 B0

0.67 0.92 0.97 0.87
1.14 1.29 1.32 1.18

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

i O.60 0.81 1.09 1.12 1.15 1.10
1.01 1.23 1.32 1.31 1.23 1.33

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0

0.69 0.99 0.86 1.17 1.00 1.21 1.00
1.09 1.28 0.96 1.38 1.08 1.33 1.08

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.60 0.99 0.86 1.18 0.94 1.20 0.96 1.26
1.01 1.27 0.94 1.40 1.02 1.38 1.05 1.46

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0

0.81 0.86 1.18 0.78 1.04 0.92 1.07 0.82
1.23 0.96 1.40 0.84 1.24 1.00 1.25 0.87

34 ~ CO 35 C7 36 85 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.67 1.09 1.17 0.94 1.04 0.90 1.26 0.95 1.17
1.14 1.32 1.38 1.02 1.24 0.99 1.4 ^ 1.02 1.34

43 C1 44 86 45 A0 46 85 47 A0 48 C8 49 A0 50 86 51 A0

0.92 1.12 1.00 1.20 0.92 1.26 0.97 1.18 0.97
1.29 1.31 1.06 1.38 0.99 1.44 1.03 1.29 1.05

52 C1 53 B6 54 B6 55 A0 56 88 57 A0 58 86 59 A0 60 B6

0.97 1.15 1.21 0.96 1.07 0.95 1.18 0.96 1.14
1.32 1.23 1.33 1.04 1.26 1.03 1.29 1.02 1.27

61 B0 62 B6 63 A0 64 C8 65 A0 66 11 5 67 A0 68 B6 69 A0

0.87 1.16. 1.00 1.26 0.82 1.17 0.97 1.14 .0.84
1.18 1.33 1.08 1.46 0.87 1.34 1.05 1.27 0.88

|
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FORMAT IS:
BOX FUEL I

NO. TYPE
MAX. VALUE IN BOX

BOX RPD 1.30 40
MAX PIN 1.45 40

1 CO 2 C1 3 C1 4 W
0.61 0.81 0.84 0.76
1.04 1.15 1.17 1.04

5 CO 6 C7 7 C7 8 86 9 B6 10 B6
'

0.58 0.81 1.05 1.06 1.09 1.09
1.00 1.16 1.28 1.20 1.19 1.21

5

11 CO 12 C7 13 A0 14 BS 15 A0 16 B6 17 A0 |,

0.67 1.00 0.88 1.13 0.97 1.16' O.98-
1.08 1.29 1.00 1.27 1.04 1.25 1.06 -

18 CO 19 C7 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.58 1.00 0.91 1.25 0.97 1.17 0.98 1.29
1.00 1.28 1.02 1.40 1.04 1.27 1.06 1.43

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 B8 33 A0
.

0.81 0.88 1.25 0.97 1.14 0.98 1.15 0.98 |
1.16 1.00 1.41 1.05 1.27 1.06 1.28 1.05 '

34 CO 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 B5 j
0.61 1.05 1.13 0.97 1.14 0.99 1.30 0.98 1.17
1.04 1.28 1.27 1.04 1.28 1.08 1.45 1.06 1.27

'
43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

O.81 1.06 0.97 1.17 0.98 1.30 1.00 1.17 0.97. '

1.15 1.20 1.04 1.27 1.06 1.45 1.09 1.26 1.04
,

52 C1 53 B6 54 86 55 A0 56 88 57 A0 58 B6 59 A0 60 86 ,

0.84 1.09 1.16 0.98 1.15 0.98 1.17 0.96 1.14
1.17 1.19 1.25 1.06 1.28 1.06 1.25 1.03 1.22 I

61 80 62 B6 63 A0 64 C8 65 A0 66 85 67 A0 68 B6 69 A0

0.76 1.09 0.98 1.29 0.98 1.17 0.97 1.14 0.95 >

1.04 1.21 1.06 1.43 1.05 1.27 1.04 1.22 1.01
_

!

!

|
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|
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FORMAT IS:
90X FUEL
NO. TYPE

MAX. VALUE IN BOX
BOX RPO 1.29 40
MAX PIN 1.44 25

1 CO 2 C1 3 C1 4 80
,

0.63 0.84 0.88 0.79
1.09 1.19 1.22 1.09

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6
'

0.60 0.83 1.08 1.11 1.13 1.13
1.02 1.19 1.32 1.24 1.24 1.25 ,

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0 ;

0.68 1.01 0.89 1.15 0.99 1.19 1.01
1.09 1.29 1.01 1.28 1.06 1.27 1.09

18 CO 19 C7 20 A0 21 C8 22 A0 23 85 24 A0 25 C8

0.60 1.01 0.90 1.22 0.96 1.18 0.98 1.27
1

1.02 1.29 1.00 1.39 1.04 1.29 1.06 1.44

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 B8 33 A0

0.83 0.89 1.22 0.85 1.11 0.97 1.11 0.85
1.19 1.01 1.39 0.92 1.26 1.05 1.27 0.92

34 CO 35 C7 38 B5 37 A0 38 88 39 A0 40 C8 41 .A0 42 85

0.63 1.08 1.15 0.96 1.11 0.97 1.29 0.96 1.13
1.09 1.32 1.28 1.04 1.26 1.07 1,44 1.04 1.24

43 C1 44 86 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51- A0

0.84 1.11 0.99 1.18 0.97 1.29 0.99 1.14 0.94
1.20 1.24 1.06 1.29 1.04 1.43 1.08 1.24 1.01

52 C1 53 B6 54 B6 55 A0 56 G8 57 A0 58 B6 59 A0 60 B6

0.88 1.13 1.19 0.98 1.11 0.96 1.14 0.93 1.09
1.22 1.23 1.27 1.06 1.27 1.04 1.24 1.01 1.19

61 B0 62 86 63 A0 64 C8 65 A0 66 85 67 A0 68 B6 69 A0

0.79 1.13 1.01 1.27 0.85 1.13 0.94 1.09 0.81
1.09 1.25 1.09 1.44 0.92 1.24 1.01 1.19 0.87

Y $ ~ $ 4. 'ogs
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FORMAT IS:
DOX FUEL
NO. ME MAX, VALUE IN BOX
BOX RPD 1.28 40
MAX PIN 1.42 40

1 CO 2 ,,, C1 3 C1 4 80

0.61 0.80 0.83 0.75
1.05 1.13 1.15 1.02

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.61 0.84 1.06 1.07 1.08 1.08
1.03 1.19 1.29 1.18 1.19 1.19- !

11 C0 12 C7 13 A0 14 BS 15 A0 16 B6 17 A0

0.69 1.03 0.90 1.13 0.97 1.15 0.98
1.11 1.31 1.02 1.24 1.04 1.23 1.06

18 CO 19 C7 20 A0 21 C8 22 A0 23 85 24 A0 25 CF

0.61 1.03 0.94 1.26 0.98 1.15 0.98 1.27
1.03 1.31 1.05 1.41 1.06 1.25 1.06 1.41

26 C7 27 A0 28 C8 29 A0 30 08 31 A0 32 88 33 A0

0.84 0.90 1.26 0.99 1.15 0.98 1.14 0.97-
1.19 1.02 1.41 1.08 1.28 1.06 1.26 1.05

34 C0 35 C7 36 BS 37 A0 38 B8 39 A0 40 C8 41 A0 42 B5

0.61 1.06 1.13 0.98 1.15 1.00 1.28 0.97 1.14
1.05 1.28 1.24 1.06 1.28 1.09 1.42 1.05 1.23

43 C1 44 B6 45 A0 46 B5 47. A0 48 C8 49 A0 50 B6 51 A0

0.80 1.07 0.97 1.15 0.98 1.28 0.99 1.13 0.94
1.13 1.19 1.04 1.25 1.06 1.42 1.08 1.22 1.02

S2 C1 53 86 54 B6 55 A0 56 B8 57 A0 58 86 59 A0 60 86

0.83 1.08 1.15 0.98 1.14 0.97 1.13 0.94 1.10
1.15 1.19 1.23 1.06 1.26 1.05 1.22 1.01 1.18

61 00~ 62 B6 63 A0 64 C8 65 -A0 61 B5 67 A0 68 B6 69 A0

0.75 1.08 0.98 1.27 0.97 1.14 0.94 1.10 0.92
1.02 1.19 1.06 1.41 1.05 1.23 1.02 1.18 0.99 '

L
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FORMAT IS:
DOX FUEL
NO. ME MAX. VALUE JNJSX
BOX RPD 1.27 40
MAX PIN _ 1,41 25

1 C6 2 C1 3 C1 4 80
#

0.64 0.84 0.87 0.78
1.09 1.18 1.20 1.07

5 CO 6 C7 7 C7 8 B6 9 fl6 10 86

0.62 0.86 1.10 1.11 1.13 1.13
1.05 1.22 1.33 1.23 1.24 1.24

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0 ,

0.70 1.04 012 1.15 0.99 1.18 1.00
1.13 1.32 1.0'i 1.25 1.07 1.25 1.08

18 CO 19 C7 20 A0 21 (W 22 A0 23 B5 24 A0 26 .C8

0.62 1.04 0.94 1.24 0.97 1.16 0.37 1.25
1.05 1.31 1.04 1.39 1.05 1.26 1.06 1.41

26 C7 27 A0 28 C8 19 A0 30 88 31 A0 32 88 33 A0

0.86 0.92 1.24 0.86 1.12 0.97 1.11 0.84
1.22 1.03 1.39 0.94 1.26 1.05 1.25 0.92

34 C0 35 C7 36 THI 37 A0 58 Bi 34 A0 40 C8 41 AO~ 42 B5-~

0.64 1.10 1.15 0.97 1.12 0.C9 1.27 0.05 1.09
1.09 1.32 1.25 1.05 1.26 1.07 1.41 ' 03 1.18..

43 C1 44 BT 45 A0 46 B5 T7 A0 48 C8 49 A0' 50 B6 51 A0

0.84 1.11 0.99 1.16 0.97 1.27 0.97 1.11 0.92
1.18 1.23 1.07 1.26 1.05 1.41 1.07 1.21 0.99 |

52 C1 53 B6 54 86 55 A0 56 88 9 A0 58 BG 59 A0 GO B6

0.87 1.13 1.18 0.97 1.11 0.95 1.11 0.91 1.05
1.20 1.23 1.25 1.06 1.25 1.03 1.21 0.99 1.14

,

61 80 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 ef F9 Ao
f

0.78 1.13 1.00 1.25 0.84 1.09 0.92 1.05 0.78
1.07 1.24 1.08 1.41 0.92 1.18 0.99 1.14 0.84

,
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FORMAT IS:
DOX FUEL
NO. TYPE

MAX.VALUE IN 002
BOX RPD 1.25 21
MAX PIN 1.38 28

1 CO 2 C1 3 C1 4 80

0.64 0.81 0.82 0.75

{1.06 1.12 1.12 1.00

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6 h

0.65 0.90 1.08 1.07 1.07 1.07 j{1.09 1.22 1.26 1.17 1.17 1.16 y
11 C0 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0

.

,

d
% y>t0.73 1.07 0.95 1.12 0.97 1.12 'O.98

1.15 1.30 1.06 1.20 1.05 1.18 1.07 ;
"

p

18 C0 19 67 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.65 1.07 0.98 1.25 0.99 1.12 0.98 1.22
1.09 1.30 1.10 1.37 1.08 1.20 1.06 1.34

26 C7 27 A0 28 C8 29 A0 30 B8 31 A0 32 88 33 A0

0.90 0.95 1.25 1.01 1.14 0.98 1.12 0.97
1.22 1.06 1.38 1.10 1.25 1.07 1.22 1.06

34 CO 35 C7 36 B5 37 A0 38 B8 39 A0 W C8 41 A0 42 B5

0.64 1.08 1.12 0.99 1.14 1.00 1.23 0.97 1.10
1.06 1.26 1.21 1.08 1.26 1.09 1.36 1.05 1.18

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.81 1.07 0.97 1.12 0.98 1.23 0.98 1.10 0.94
1.12 1.17 1.05 1.20 1.07 1.36 1.08 1.17 1.02

52 C1 53 B6 54 B6 55 A0 56 B8 57 A0 58 B6 59 A0 60 B6

0.82 1.07 1.12 0.98 1.12 0.97 1.10 0.94 1.08
1.12 1.16 1.18 1.06 1.22 1.06 1.17 1.02 1.14

.

61 B0 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.75 1.07 0.98 1.22 0.97 1.10 0.94 1.08 0.93
1.00 1.16 1.07 1.34 1.06 1.18 1.02 1.14 1.00

Ny t,r 4.3-8



FORMAT IS:
BOX FUEL
NO. TYPE MAX. VALUE IN BOX
BOX RPD 1.38 40
MAX PIN 1.59 40

1 CO 2 C1 3 C1 4 80

0.61 0.81 0.81 0.71
1.04 1.12 1.11 0.96

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.60 0.81 1.03 1.02 0.96 0.90
1.02 1.21 1.26 1.20 1.06 0.96

11 CO 12 C7 13 A0 14 B5 15 A0 16 86 17- A0

0.70 1.02 0.88 1.15 0.94 1.00 0.59
1.12 1.32 1.00 1.34 1.02 1.19 0.65

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.60 1.02 0.92 1.27 0.98 1.19 0.91 1.13
1.02 1.32 1.02 1.44 1.06 1.34 1.00 1.36

26 C7 27 A0 28 C8 29 A0 30 B8 31 A0 32 88 33 A0

0.81 0.88 1.27 0.97 1.15 0.99 1.15 0.97
1.21 1.00 1.44 1.05 1.30 1.08 1.34 1.06

34 CO 35 C7 36 85 37 A0 38 B8 59 A0 40 68 41 A0 42 85

0.61 1.03 1.15 0.98 1.15 1.01 1.38 1.06 1.30
1.04 1.26 1.35 1.05 1.31 1.11 1.59 1.14 1.48

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.81 1.02 0.94 1.19 0.99 1.38 1.09 1.33 1.11
1.12 1.20 1.02 1.35 1.07 1.59 1.17 1.44 1.19

52 C1 53 B6 54 86 55 A0 56 G8 57 A0 58 86 59 A0 60 B6

0.81 0.96 1.00 0.91 1.15 1.06 1.33 1.11 1.34
1.12 1.06 1.20 1.00 1.35 1.15 1.44 1.18 1.45

61 B0 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 86 69 A0

0.71 0.90 0.59 1.13 0.97 1.30 1.11 1.34 1.12
0.96 0.96 0.65 1.36 1.06 1.48 1.19 1.45 1.19

RE .] ~ l
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FORMATIS:
BOX FUEL
NO. TYPE MAX. VALUE IN BOX
BOX RPD 1.37 40
MAX PIN 1.58 40

..

1 CO 2 C1 3 C1 4 B0

0.64 0.84 0.85 0.74
1.09 1.18 1.17 1.01

5 CO 6 C7 7 C7 8 86 9 B6 10 B6

0.62 0.83 1.07 1.06 1.00 0.94
1.05 1.24 1.30 1.24 1.10 .1.00

11 CO 12 C7 13 A0 14 BS 15 A0 16 B6 17 A0

0.71 1.04 0.90 1.18 0.96 1.03 0.60 ;

1.14 1.33 1.01 1.36 1.04 1.21 0.66

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.62 1.04 0.92 1.25 0.98 1.20 0.90 1.10
1.05 1.33 1.01 1.45 1.06 1.36 0.99 1.30-

26 C7 27 A0 28 C8 29 A0 30 B8 31 A0 32 B8 33 A0

0.83 0.90 1.25 0.85 1.12 0.98 1.11 0.84
1.25 1.01 1.45 0.92 1.30 1.07- 1.29 0.92

34 CO 35 C7 36 85 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.64 1.07 1.18 0.98 1.12 0.99 1.37 1.03 1.25 !

1.09 1.30 1.37 1.06 1.30 1.10 1.58 1.12 1,44
,

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.84 1.06 0.96 1.20 0.98 1.37 1.08 1.30 1.08
1.18 1.24 1.04 1.36 1.06 1.57 1.16 1.42 1.16

52 C1 53 B6 54 86 55 A0 56 88 57 A0 58 BG 59 A0 60 BG

0.85 1.00 1.03 0.90 1.11 1.03 1.30 1.08 1.28
1.17 1.10 1.21 0.99 1.29 1.12 1.41 1.15 1.40

61 B0 62 B6 63 A0 64 C8 65 A0 66 05 67 A0 68 B6 69 A0

0.74 0.94 0.60 1.10 0.84 1.25 1.08 1.28 0.96
1.01 1.00 0.66 1.30 0.92 1.44 1.16 1.40 1.01-

i

;
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FORMAT IS:
DOX FUEL
NO. M'E

MAX. VAL,p_E IN BOX
BOX RPD 1.35 40
MAX PIN 1.51 40

1 CO 2 C1 3 C1 4 80

0.61 0.77 0.76 0.66
1.04 1.06 1.06 0.90

,

5 CO 6 C7 7 C7 8 B6 9 B6 to B6

0.65 0.88 1.08 1.03 0.96 0.89
1.09 1.23 1.28 1.16 1.08 0.96

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0

0.74 1.10 0.95 1.16 0.94 0.99 0.59
1.19 1.39 1.07 1.28 1.03 1.15 0.66

18 CO 19 C7 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.65 1.10 1.00 1.34 1.02 1.15 0.91 1.11
1.09 1.39 1.12 1.49 1.11 1.28 1.01 1.33

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0
.

0.88 0.95 1.34 1.05 1.21 1.01 1.15 0.96
1.23 1.07 1.49 1.14 1.35 1.11 1.30 1.05

34 CF 35 CI 36 85 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.61 1.08 1.16 1.02 1.21 1.05 1.35 1.02 1.19
1.03 1.28 1.28 1.11 1.35 1.15 1.51 1.11 1.29

43 d1 44 B6 45 A0 46 85 47 A0 48 C8 49 A0 50 B6 51 A0

0.77 1.03 0.94 1.15 1.01 1.35 1.05 1.21 1.02
1.07 1.16 1.03 1.29 1.11 1.51 1.15 1.30 1.09

52 C1 53 86 54 B6 55 A0 56 88 57 A0 58 86 59 A0 60 06 >

0.76 0.96 0.99 0.91 1.15 1.02 1.21 1.02 1.19
1.06 1.08 1.15 1.01 1.31 1.11 1.30 1.09 1.27

61 B0 62 B6 63 A0 64 C8 65 A0 66 85 67 A0 68 86 69 A0

0.66 0.89 0.59 1.11 0.9G 1.19 1.02 1.19 1.01
0.90 0.96 0.66 1.33 1.05 1.29 1.09 1.27 1.08

I
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FORMAT IS:
BOX FUEL
NO. 1YPE MAX, VALUE IN BOX
BOX RPD 1.34 40
MAX PIN 1.50 40

1 CO 2 C1 3 C1 4 B0

0.64 0.81 0.80 0.70
1.08 1.11 1.11 0.94'

5 C0 6 C7 7 C7 8 B6 9 86 10 86

0.66 0.90 1.11 1.07 1.00 0.93
1.12 1.26 1.32 1.19 1.12 1.00

11 CO 12 C7 13 A0 14 B5 15 A0 16 86 17. A0

0.75 1.12 0.97 1.18 0.96 1.01 0.60
1.21 1.40 1.08 1.29 1.05 1.16 0.67

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.66 1.12 1.00 1.31 1.01 1.15 0.90 1.08
1.12 1.40 1.11 1.46 1.10 1.27 1.01 1.26

26 C7 27 A0 28 C8 29 A0 30 B8 31 A0 32 B8 33 A0

0.90 0.97 1.31 0.91 1.18 1.00 1.11 0.83
1.27 1.08 1.46 1.00 1.32 1.10 1.29 0.91

34 C0 35 C7 36 85 37 A0 38 88 39 A0 40 C8 41 A0 42 85

0.64 1.11 1.18 1.01 1.18 1.04 1.34 1.00 1.15
1.08 1.32 1.29 1.09 1.32 1.14 1.50 1.10 1.26

43 C1 44 86 45 A0 46 B5 47 A0 48 C8 49 A0 50 86 51 A0

0.81 1.07 0.96 1.15 1.00 1.34 1.04 1.19 0.99
1.11 1.20 1.05 1.28 1.10 1.49 1.14 1.29 1.07

52 C1 53 B6 54 B6 55 A0 56 B8 57 A0 58 B6 59 A0 60 86

0.80 1.00 1.01 0.90 1.11 1.00 1.19 0.99 1.14
1.11 1.12 1.17 1.00 1.29 1.10 1.29 1.07 1.24

61 B0 62 86 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.70 0.93 0.60 1.08 0.83 1.15 0.99 1.14 0.86
0.94 1.00 0.67 1.26 0.91 1.26 1.07 1.24 0.93

%oz.e 4.3 - /d a



FORMAT IS:
BOX FUEL
NO. TYPE

PAAX. VALUE IN BOX
BOX RPD 1.33 21
MAX PIN 1,47 28

1 CO 2 C1 3 C1 4 80

0.63 0.78 0.76 0.67
1.05 1.06 1.05 0.89

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.68 0.92 1.10 1.03 0.95 0.88
1.14 1.26 1.28 1.15 1.07 0.95 t

11 CO 12 C7 13 A0 14 BS 15 A0 16 86 17 A0

0.77 1.13 0.99 1.15 0.94 0.97 0.58
1.22 1.40 1.10 1.26 1.04 1.12 0.66

18 CO 19 C7 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.68 1.13 1.04 1.33 1.02 1.12 0.91 1.08

1.14 1.40 1.16 1.47 1.13 1.25 1.01 1.29

26 C7 27 A0 28 C8 29 A0 30 b8 31 A0 32 88 33 A0

0.92 0.99 1.33 1.06 1.20 1.01 1.13 0.96
1.26 1.10 1.47 1.17 1.33 1.12 1.27 1.05

34 CO 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.63 1.10 1.15 1.02 1.20 1.06 1.31 1.01 1.15

1.05 1.28 1.27 1.12 1.33 1.15 1.45 1.11 1.24

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0 ,

0.78 1.03 0.94 1.12 1.01 1.31 1.04 1.18 1.01

1.06 1.15 1.04 1.25 1.11 1.45 1.15 1.26 1.08

52 C1 53 B6 54 B6 55 A0 56 B8 57 A0 58 86 59 A0 60 B6

0.76 0.95 0.97 0.91 1.13 1.01 1.18 1.01 1.16

1.06 1.07 1.12 1.01 1.27 1.11 1.25 1.09 1.23

61 B0 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.67 0.88 0.58 1.08 0.96 1.15 1.01 1.16 1.00
*

0.89 0.95 0.66 1.29 1.05 1.24 1.08 1.23 1.08

Syn 4.1- n



FORMAT IS:
DOX FUEL
NO. ME MAX. VALUE IN BOX

BOX RPD 1.31 21
MAX PIN 1,44 28

1 CO 2 C1 3 C1 4 80

0.66 0.82 0.80 0.70
1.09 1.11 1.10 0.94

5 C0 6 C7 7 C7 8 B6 9 B6 10 B6

0.71 0.95 1.14 1.07 1.00 0.92

1.17 1.29 1.32 1.20 -1.11 0.99

11 CO 12 C7 13 A0 14 85 15 A0 16 B6 17 A0
,

0.79 1.16 1.01 1.18 0.97 0.99 0.60

1.24 1.41 1.12 1.27 1.07 1.13 0.67

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25- C8

0.71 1.16 1.04 1.31 1.02 1.13 0.90 1.05

1.17 1.41 1.14 1.43 1.11 1.24 1.01 1.21

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 B8 33 A0

0.95 1.01 1.31 0.92 1.16 1.00 1.09 0.82

1.30 1.12 1.44 1.02 1.29 1.10 1.25 0.90

34 C0 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.66 1.14 1.18 1.02 1.10 1.03 1.30 0.99 1.11

1.09 1.32 1.27 1.11 1.29 1.14 1.44 1.09 1.21

43 C1 44 B6 45 A0 46 85 47 A0 48 C8 49 A0 50 86 51 A0

0.82 1.07 0.97 1.13 1.00 1.30 1.03 1.16 0.98

1.11 1.20 1.07 1.24 1.10 1.43 1.14 1.24 1.06

52 C1 53 B6 54 86 55 A0 56 88 57 A0 58 86 59 A0 60 BS
,

0.80 1.00 0.99 0.90 1.09 0.99 1.16 0.98 1.11

1.11 1.11 1.14 1.00 1.25 1.09 1.24 1.07 1.20

61 B0 62 B6 63 A0 64 C8 65 A0 66 85 67 A0 68 B6 69 A0

0.70 0.92 0.60 1,05 0.82 1.11 0.98 1.11 0.85
0.94 0.99 0.67 1.21 0.90 1.21 1.06 1.20 0.92 ]

!
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FORMAT IS:

|DOX FUEL '

NO. ME
MAX. VALUE IN DOX !

BOX RPD 1.30 25 I
MAX PIN 1.48 25

1 CO 2 C1 3 C1 4 80 '

O.65 0.89 0.94 0.86
1.11 1.26- 1.30 1.17

5 C0 6 C7 7 C7 8 B6 9 86 10 B6

0.58 0.81 1.07 1.09 1.14 1.16-
1.00 1.21 1.28 1.23 1.23 1.32-

11 CO 12 07 13 A0 14 B5 15 A0 16 B6 17 A0

0.59 0.97 0.86 1.14 0.89 1.19 1.02
0.98 1.27 0.98 1.31 0.95 1.32 1.10

18 CO 19 C7 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.58 0.97 0.87 1.21 0.95 1.19 0.98 1.30
1.00 1.27 0.96 1.40 1.03 1.32 1.07 1.48

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0

0.81 0.86 1.21 0.82 1.08 0.96 1.12 0.86
1.21 0.98 1.41 0.88 1.27 1.04 1.29 0.92

M CO 35 C7 36 B5 37 A0 38 B8 39 A0 40 C8 41 A0 42 B5

0.65 1.07 1.14 0.95 1.08 0.94 1.28 0.98 1.20
.1.11 1.27 1.32 1.03 1.27 1.03 1.43 1.05 .1.36

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.89 1.09 0.89 1.19 0.96 1.28 0.89 1.19 1.01
1.26 1.23 0.95 1.32 1.03 1.43 0.95 1.31 1.08

52 C1 53 B6 54 B6 55 A0 56 88 57 A0 58 B6 59 A0 60 B6

0.94 1.14 1.19 0.98 1.12 0.98 1.19 0.99 1.18
1.30 1.22 1.32 1.06 1.29 1.06 1.31 1.05 1.30

61 80 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.86 1.16 1.02 1.30 0.86 1.20 1.01 1.18 0.88
1.17 1.32 1.10 1.48 0.92 1.36 1.08 1.30 0.93

:
!
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FORMAT IS:
|

BOX FUEL |

NO. 1YPE 2MAX. VALUE IN BOX

BOX RPD 1.27 25
MAX PIN 1.43 25 I

1 CO 2 C1 3 C1 4- 80

0.65 0.85 0.88 0.80
1.10 1.19 1.22 1.09

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.63 0.88 1.10 1.10 1.14 1.15
1.07 1.23 1.29 1.20 1.25 1.25

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0

0.62 1.05 0.93 1.14 0.88 1.17 1.02
1.04 1.34 1.05 1.25 0.95 1.26 1.10

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.63 1.05 0.95 1.26 0.98 1.15 0.98 1.27
1.07 1.34 1.06 1.41 1.06 1.25 1.07 1.43

26 C7 27 A0 28 C8 29 A0 30 88 31- A0 32 88 33 A0

0.88 0.93 1.26 0.88 1.14 0.98 1.12 0.86
1.23 1.05 1.41 0.97 1.27 1.06 1.26 0.94

34 C0 35 C7 36 85 37 A0 38 B8 39 A0 40 C8 41 A0 42 85

0.65 1.10 1.14 0.98 1.14 0.98 1.26 0.95- 1.11

1.10 1.29 1.25 1.06 1.27 1.07 1.42 1.04 1.20

43 C1 44 B6 45 A0 46 05 47 A0 48 C8 49 A0 50 B6 51 A0

0.85 1.10 0.88 1.15 0.98 1.26 0.86 1.10 0.93
'

1.20 1.20 0.95 1.25 1.06 1.41 0.95 1.19 1.00

~)52 C1 53 B6 54 86 55 A0 56 88 57 A0 58 B6 59 A0 60 B6

0.88 1.14 1.17 0.98 1.12 0.95 1.10 0.91 1.06
1.22 1.25 1.26 1.07 1.27 1.04 1.18 0.98 1.15

61 80 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.80 1.15 1.02 1.27 0.86 1.11 0.93 1.06 0.80 ,

1.09 1.25 1.10 1.43 0.94 1.20' 1.00 1.15 0.86 |
;!

!
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FORMAT IS:
DOX FUEL ,

NO. TYPE MAX. VALUE IN BOX
BOX RPD 1.26 21
MAX PIN 1.39 28

1 C0 2 C1 3 C1 4 B0

0.67 0.86 0.88 0.80
1.11 1.19 1.21 1.08

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.67 0.93 1.12 1.10 1.13 1.14
1.12 1.26 1.29 1.18 1.23 1.24

11 CO 12 C7 13 A0 14 85 15 A0 16 B6 17 . A0

0.64 1.08 0.97 1.14 0.88 1.15 1.01
1.07 1.35 1.08 1.23 0.96 1.23 1.10

'

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.67 1.08 0.99 1.26 0.99 1.12 0.98 1.23 ;
1.12 1.35 1.10 1.39 1.08 1.22 1.07 1.38

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0 ;

0.93 0.97 1.26 0.89 1.13 0.98 1.10 0.85 ,

1.26 1.08 1.39 0.98 1.24 1.07 1.23 0.93 ,

34 C0 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 85

0.67 1.12 1.14 0.99 1.13 0.99 1.22 0.95 1.07
1.11 1.29 1.24 1.08 1.25 1.07 1.37 1.04 1.15

.

43 C1 44 B6 45 A0 46 85 47 A0 48 C8 49 A0 50 B6 51 A0
,

0.86 1.10 0.88 1.12 0.98 1.22 0.85 1.06 0.92
1.19 1.19 0.95 1.22 1.07 1.37 0.94 1.15 1.00

52 C1 53 B6 54 B6 55 A0 56 88 57 A0 58 B6 59 A0 60 B6

0.88 1.13 1.15 0.98 1.10 0.95 1.06 0.90 1.04
1.21 1.23 1.23 1.07 1.24 1.04 1.14 0.97 1.12

'

61 80 62 86 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.80 1.14 1.01. 1.23 0.85 1.07 0.92 1.04 0.79.
1.08 1.24 1.10 1.38 0.93 1.15 1.00 1.12 0.86

,

>
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FORMAT IS:
BOX FUEL i

NO. TYPE
MAX. VALUE IN BOX

BOX RPD 1.36 40 :
MAX PIN 1.53 40

1- CO 2 C1 3 C1 4 80

0.65 0.86 0.86 0.76
1.10 1.19 1.19 1.03

5 CO 6 C7 7 C7 8 B6 9 B6 to 86

0.62 0.84 1.08 1.05 1.01 0.96
1.06 1.26 1.28 1.19 1.09 1.02'

11 CO 12 C7 13 A0 14 B5 15 A0 16 B6 17 A0

0.63 1.05 0.91 1.17 0.86 1.01 0.60 1

1.05 1.35 1.03 1.33 0.94 1.18 0.66

18 CO 19 C7 20 A0 21 C8 22 A0 23 B5 24 A0 25 C8

0.62 1.05 0.93 1.28 0.99 1.19 0.91 1.12
1.06 1.35 1.03 1.47 1.07 1.34 1.00 1.32

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0

0.84 0.91 1.28 0.87 1.14- 0.99 1.13 0.86 ,

1.26 1.02 1.47 0.94 1.31 1.08 1.30 0.94

34 CO 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.65 1.08 1.17 0.99 1.14 1.00 1.36 1.04 1.27
1.10 1.28 1.33 1.06 1.31 1.10 1.53 1.13 1.46

,

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.86 1.05 0.86 1.19 0.99 1.36 0.96 1.29 1.09
1.19 1.19 0.94 1.34 1.07 1.53 1.03 -1.42 1.18

52 C1 53 86 54 B6 55 A0 56 B8 57 A0 58 B6 59 A0 60 86

0.86 1.01 1.01 0.91 1.13 1.04 1.29 1.09 1.30 '

1.19 1.08 1.18 1.00 1.31 1.13 1.42 ,1.16 1.42

61 80 62 B6 63 A0 64 C8 65 A0 66 B5 67 A0 68 86 69 A0 i

0.76 0.96 0.60 1.12 0.86 1.27 1.09 1.30 0.98
'

1.03 1.02 0.66 1.32 0.94 1.46 1.18 1.42 1.03

I
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FORMAT IS:
DOX FUEL
NO, ME MAX. VALUE IN BOX
BOX RPD 1.34 21
MAX PIN 1.49 40

1 C0 2 C1 3 C1 4 B0

0.65 0.82 0.81 0.71
1.09 1.13 1.12 0.96

5 CO 6 C7 7 C7 8 B6 9 B6 10 B6

0.67 0.92 1.12 1.06 1.01 0.94
1.14 1.28 1.29 1.16 1.11 1.02

11 CO 12 C7 13 A0 14 BS 15 A0 16 86 17 A0
'

0.67 1.12 0.98 1.17 0.85 1.00 0.61
1.11 1.43 1.10 1.31 0.94 1.13 0.67

18 CO 19 C7 20 A0 21 C8 22 A0 23 85 24 A0 25 C8

0.67 1.12 1.02 1.34 1.02 1.15 0.91 1.10
1.14 1.42 1.14 1.48 1.11 1.29 1.01 1.29

26 C7 27 A0 28 C8 29 A0 30 88 31 A0 32 88 33 A0
'

0.92 0.98 1.34 0.94 1.20 1.02 1.13 0.85
1.28 1.10 1.48 1.03 1.33 1.11 1.30 0.93

34 C0 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 B5

0.65 1.12 1.17 1.02 1.20 1.04 1.33 1.00 1.16
1.09 1.29 1.31 1.11 1.34 1.14 1.49 1.09 1.27

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 86 51 A0

0.82 1.06 0.85 1.15 1.02 1.33 0.92 1.18 1.00
1.13 1.17 0.94 1.29 1.11 1.49 1.02 1.26 1.08

52 C1 53 B6 M B6 55 AD 56 B8 57 A0 58 86 59 A0 60 B6

0.81 1.01 1.00 0.91 1.13 1.00 1.18 0.99 1.16
1.12 1.11 1.13 1.01 1.30 1.09 1.26 1.06 1.25

61 B0 62 86 63 A0 64 C8 65 A0 66 B5 67 A0 68 B6 69 A0

0.71 0.94 0.61 1.10 0.85 1.16 1.00 1.16 0.88
0.96 1.02 0.67 1.29 0.93 1.27 1.08 1.25 0.94

/-}a d. .T - M



FORMAT IS:
DOX FUEL
NO. TYPE MAX VALUE IN DOX
BOX RPD 1.34 21
MAX PIN 1,46 28

1 C0 2 C1 3 C1 4 80

0.67 0.83 0.81 0.7~2 -

1.11 1.12 1.12 0.96

5 CO 6 C7 7 C7 8 B6 9 B6 10 86

0.72 0.97 1.14 1.06 1.00 0.94
1.19 1.31 1.31 1.16 1.10 1.01

11 CO 12 C7 13 A0 14 BS 15 A0 16 B6 17 A0

0.69 1.16 1.02 1.17 0.85 0.97 0.60
1.14 1.44 1.14 1.29 0.95 1.09 0.67

18 CO 19 C7 20 A0 21 C8 22 A0 23 BS 24 A0 25 C8

0.72 1.16 1.05 1.34 1.03 1.12 0.90 1.06
1.19 1,44 1.17 1.46 1.13 1.25 1.01 1.24

26 C7 27 A0 28 C8 29 A0 30 B8 31 A0 32 B8 33 A0

0.97 1.02 1.34 0.94 1.19 1.01 1.11 0.84
1.31 1.14 1,46 1.05 1.30 1.12 1.26 0.92

34 C0 35 C7 36 B5 37 A0 38 88 39 A0 40 C8 41 A0 42 05
0.67 1.14 1.17 1.03 1.19 1.04 1.29 0.99 1.12
1.10 1.31 1.29 1.13 1.31 1.14 1.44 1.08 1.22

43 C1 44 B6 45 A0 46 B5 47 A0 48 C8 49 A0 50 B6 51 A0

0.83 1.06 0.85 1.12 1.01 1.29 0.91 1.14 0.99
1.12 1.16 0.95 1.26 1.12 1.44 1.01 1.22 1.0'7

52 C1 53 B6 54 B6 55 A0 56 B8 57 A0 58 86 59 A0 60 06

0.81 1.00 0.97 0.90 1.11 0.99 1.14 0.98 1.13
1.12 1.10 1.09 1.01 1.27 1.08 1.22 1.06 1.21

61 80 62 I6 63 A0 64 Cf 65 A0 66 B5 67 A0 68 86 69 A0

0.72 0.94 0.60 1.06 0.84 1.12 0.99 1.13 0.87
0.96 1.01 0.67 1.24 0.92 1.22 1.07 1.21 0.94

,
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079: UNANALYZED REACTOR VE8 DEL THERMAL STRESS
DURING NATURAL CONVECTIO}i COOLDoWN

ISSUE

Generic Safety Issue (GSI) 079 in NUREG-0933 (Reference 1),
identifies the potential for the stresses in the reactor vessel
flange area or studs to exceed the allowable during 'its design
lifetime because of a previously unanalyzed thermal stress
introduced by the natural convection cooldown event.

A natural convection cooldown event occurred at the St. Lucie 1
nuclear power generating station. During the course of this
event, steam voiding occurred in the reactor vessel head area.
Upon analysis, concern was raised over previously unanalyzed
reactor vessel thermal stresses. The concern focused on the
possible existence of an axial temperature gradient of 150 to 200
degrees F in the vessel flange and studs.

The safety concern arises because this event could produce
thermal stresses in the flange area or in the studs that may
exceed the ASME B&PV, Section III Code (Reference 2) allowables

( when added to the stresses already considered. Moreover, the
cycling of these temperature gradients over the life of the plant
has the potential to cause a reduction in the fatigue margin of
the vessel.

ACCEPTANCE CRITERIA
I

The acceptance criterion for the resolution of GSI 079 is that j
the design of the reactor pressure vessel (including the head and
studs) shall accommodate the thermal stresses caused by a natural
convection cooldown event. These thermal stresses, when added to !
stresses from events that are presently analyzed, shall not i

exceed the stress limits specified in the ASME B&PV Code, Section
III.

RESOLUTION

Stress analyses were performed to determine the effects of a
natural circulation cooldown event (similar to that of the St.
Lucie occurrence) on both the St Lucic " class" reactor vessel and
the System 80 " class" reactor vessel. The analyses ccincluded )
that should natural circulation cooldown of the reactor coolant
system be required and should vessel head voiding subsequently
occur, the resulting thermal stresses would not cause any i

thermal, hydraulic, or fatigue damage to the react 1 an
its i te ral componente er th r dec irm l i fet me. %g y

sJeh /00 kt"RIW%foit/)g |{S % UCC - CV m
t"kl.2 & ()$ Qc& ?QC$ve^LutR4| k Y & C. 000|L & Y

g g ghy Ve254|. seen ment F
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Purthermore, the System 80+ reactor vessel, which is designed to
the ASME B&PV Code, Section III (see CESSAR-DC, Section 5.3), is
essentially identical to the System 80 reactor vessel. ,

specifically, the vessels have the same material composition and
overall dimensions and are of similar geometry (with the

,

exception of the direct vessel injection nozzles) as described in '

CESSAR-DC, Table 1.3-1, and Figure 3.9-9. Because the reactor
vessels for both " classes" of plants are virtually the same and
since the stress analyses consider the materials, dimensions and
geometry of the vessel, the analyses performed subsequent to the

Lucie 1 event apply to the System 80+ reactor vesselySt.

[ In summary, the addition of the dynamic, thermal and fatigue
,

effects of a natural convection cooldown on the System 80+
reactor vessel does not result in the vessel stresses or fatigue ,

usage factor exceeding the allowable limits specified in the ASME ;
B&PV Code, Section III. Therefore, this issue is resolved for the '

System 80+ Standard Design.

EEFERDLc3g - |
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The fluid conditions in the
_

reactor vessel upper head during draining and refilling for NCC are
essentially the same. In fact, the stresses on the System 80+ vessel may be I

less due to a lower initial hot leg and reactor vessel upper head temperatureI than System 80. ;

I

;

for System 80+, 30 natural convection cooldown events are included in the
)design bases events for thermal, hydraulic and fatigue analyses. See '

CESSAR-DC Table 3.9-1, Amendment K. The 30 events are applicable to the
60-year plant design life. Even if all 30 events included the 100 vessel head

,

drain-and-fill cycles described above, the usage factor would be less than
0.006. The 30 NCC events included in the System 80+ design bases are
considered conservative in light of the Generic letter 92-02 statement that,

NCC events occur infrequently. _.,

-
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