Westinghouse Energy Systems Box 355

E'QC"IC COfDDI'Q"Dﬂ Pittsburgh Pennsylvania 152300355
NSD-NRC-97-5152

DCP/NRC0885
Docket No.: STN-52-003

May 23, 1997
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555
ATTENTION: MR.T.R.QUAY
SUBJECT: AP600 DESIGN CHANGES TO ADDRESS POST 72-HOUR ACTIONS
Dear Mr. Quay:
In Westinghouse letter, Brian Mcintyre to T. R. Quay, dated March 14, 1997, Westinghouse indicated
additional design changes were being implemented to address containment cooling in the post 72-hour
to 7 day time frame after an event. Westinghouse also indicated that WGOTHIC containment
pressure analyses with appropriate input were being performed. The attachments provide additional
information related to these items as follows:

Attachment 1 - SSAR markup indicating additional changes to the passive containment cooling system.

Attachment 2 - Description of method to account for circumferential (2-dimensional) conduction
through the steel containment shell for containment pressure analyses.

Attachment 3 - Revised SSAR figures indicating the results of the revised WGOTHIC containment
pressure analyses.

I'he SSAR markups in Attachments | and 3 will be incorporated in Revision 13 to the AP600 SSAR.
The NRC is requested to review the attached matzrial and provide any further comments to

Westinghouse by June 16, 1997. Please contact Mr. Ron Vijuk on (412) 374-4728 if you have any
questions concerning this transmittal.

™

ﬂ Vi ; 1/
Brian A. Mclntyre, Manager
Advanced Plant Satety and Licensing
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Attachments

cc: W. C. Huffman, NRC (w/Attachments)

J. M. Sebrosky, NRC (w/Attachments)
N. J. Liparulo, Westinghouse (w/o Attachments)
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ATTACHMENT |

SSAR MARKUP INDICATING ADDITIONAL CHANGES
TO THE PASSIVE CONTAINMENT COOLING SYSTEM
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AP600

> 3. Design of Structures, Components, Equipment, and Systems

Table 3.2-3 (Sheet 8 of 64)

AP600 CLASSIFICATION OF MECHANICAL AND
FLUID SYSTEMS, COMPONENTS, AND EQUIPMENT

Tag Number Description AP600  Seismic  Principal Con- Comments
Class Category struction Code
Main Turbine and Generator Lube Oil System (LOS) Locatiom Turbine Building

System components ure Class E
Mechanical Handling System (MHS)

MHS-MH-01
MHS-MH-05

Containment Polar Crane
Equipment Hatch Hoist

Balance of system components are Class E

Main Steam System

(MSS)

System components are Class E

Main Turbine Syste

m (MTS)

System components are Class E

Passive Containment Ccoling System (PCS)

Location: Various

C | ASME NOG-1
& I Manufacturer
Std.

Locauon: Turbine Building
Location: Turbine Building

Location: Containment Shield Building and Auxiliary building

PCS-MT-0! Passive Containment Cooling C I ACI 349 See subsection
Water Storage Tank 62223 for
additional design
requirements
PCS-MT-03 Water Distribution Bucket C I Manufacturer See subsection
Std. 6.2.2.2.3 for
additional design
requirements
PCS-MT-04 Water Collection Troughs C I Manufacturer See subsection
Sud. 62223 for
fes-mr-06 Passive Covbainmenl (oe\\n, B ASME V1L additional design
Ancdlary Weler ShmgTank requirements
PCS-PL-VOO1A PCCWST lsolation > I ASME [00.3
PCS-PL-VOOIB PCCWST lsolation C I ASME [I-3
Psmp-oip P Recimdlbee D w3 Hydealic
UMP LA ¥\~&
Pis-me-cyB ‘"
Revision: 11
February 28, 1997 32-28 @ Wwestinghouse
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3. Design of Structures, Components, Equipment, and Systems

t Table 3.2-3 (Sheet 10 of 62)

AP600 CLASSIFICATION OF MECHANICAL AND
FLUID SYSTEMS, COMPONENTS, AND EQUIPMENT

Tag Number Description AP600  Seismic  Principal Con- Comments
Class Category struction Code
Passive Containment Cooling System (Continued)

PCS-PL-VO018 Recirculaton Pump Throttle D NS ANSI 16.34
Valve

PCS-PL-V021 Recirculation Suction D NS ANSI 1634
Isolation Valve

PCS-PL-V023 PCS Recirculation Return C | ASME [11-3
Isolation

PCS-PL-V029 PCCWST Isolauon Valve - I ASME I11.3
Leakage Detection Drain

PCS-PL-V032A Recirculation Pump Suction D NS ANSI 16.34
[solation Valve

PCS-PL-V032B Recirculaion Pump Suction D NS ANSI 16.34
Isolation Valve

PCS-PL-V033 Recirculation Pump Post- c I ASME 111-3
Accident Makeup Isolauon

PCS-PL-V034 Recirculavon Pump Post- D NS ANSI 16.34
Accident Discharge Isolation

PCS-PL-V035 PCCWST/Fire Protection C I ASME [I1-3
Root Valve

’ kS-PY-BOI Spent Fuel Pool Emergency C I ASME [1I-3

Makeup Isolatnon
Balance of system components are Class E

\ :

T"\S«‘f &.cm %”M'“ﬁ m

Revision: 12
April 30, 1997 3.2-30 @ Westinghouse



TTable 3.2-% (Shut 10) additrens

PeS-PL-N03eAfs  Ritikediton Rump Dischars. b NS  MsT /43¢
Crer Valie L

Pes-pL-vo3z7 PCCAWST Duschacx]s clchon Valve D NS  Awsr i.3¢

PES-PL-NO3S  PocAWST Pischome Deaiv Tookhim D NS ANST /.24
\alwe

PES-PL-Nodo  PCCAWST Dischueg Tsckfim Vale ¢ T  Asmeqr-3

Pes - pL~ Vo4 'Em C - ASME T ~3
ﬁumf Iss %/»z

PCs-pL- Vo4 PCLWST Tompwermsy [ong-Teem ¢ T AsweIl-2
Maksup Tsolapion Valve

PeS-PL- Vous PCCWST Drain TsolakonVale ¢ T Asme II-3

Pes-pL-Vode Post-72 thur (\pdee Sousee e T dme N3
Tsolatien Swass \a2 |ve

Pes-Pu-NOWY Plewust  Dischung, Line <« T ASme -2
(ross - conael Tsclubin Valve



6.2.2

6.2.2.1

Passive Containment Cooling System

The passive containment cooling system (PCS) is an engineered safety features system lts
functional objective 1s to reduce the containment temperature and pressure following a loss of
coolant accident (LOCA) or main steam line break (MSLB) accident inside the containment by
removing thermal energy from the containment atmosphere. The passive containment cooling
system also serves as the means of transferring heat to the safety-related ultimate heat sink for
other events resulting in a significant increase in containment pressure and temperature

The passive containment cooling system limits releases of radioactivity (post-accident) by reducing
the pressure differential between the containment atmosphere and the external environment, thereby
dimunishing the driving force for leakage of fission products from the contatnment to the
atmosphere.  This subsection describes the safety design bases of the safety-related containment
cooling function.  Nonsafety-related containment cooling, a function of the containment
recirculation cooling svstem, (s described in subsection 9 4 6

The passive containment cooling system also provides a source of makeup water to the spent fuel
pool in the event of a prolonged loss of normal spent fuel pool cooling

Safety Design Basis

. The passive containment cooling system is designed to withstand the effects of natural
phenomena such as ambient temperature extremes, earthquakes, winds. tornadoes, or
floods.

. Passive containment cooling system operation is automatically initiated upon receipt of a

Hi-2 contasament pressure signal

. The passive containment cooling system is designed so that a single failure of an active
component, assumuing loss of offsite or onsite ac power sources, will not impair the
capability of the system to perform its safety-related function.

e Active components of the passive containment cooling system are capable of being tested
duning plant operation. Prowvisions are made for inspection of major components in
accordance with the intervals specified in the ASME Code, Section X1

o The passive containment cooling system components required to mitigate the consequences
of an accident are designed to remain functional in the accident environment and to
withstand the dynamic effects of the accident

. The passive containment cooling system 1s capable of removing sufficient thermal energy
including subsequent decay heat from the containment atmosphere following a design basis
cvent resulting in containment pressurization such that the containment pressure remains
below the design value with no operator uction required for seven-days72 hours The
passive containment cooling system 1s designed to reduce containment pressure to less than
one-half its design pressure within 24 hours following a postulated loss of coolant
accident



. The passive containment cooling system is designed and fabricated to appropnate codes
consistent with Regulatory Guides | 26 and | 32 and n accordance with Regulatory Guide
1.29 as descnibed in Section | 9

6.2.2.2 System Design
6.2.2.2.1 General Description

The passive containment cooling system and components are designed to the codes and standards
identified in Section 3 2, flood design 1s described in Section 3 4. mussile protection 1s described in
Section 3.5, Protection against dynamic effects associated with the postulated rupture of piping is
descnibed in Section 3 6. Seismic and environmental design and equipment qualification are
described in Sections 3 10 and 3. 11 The actuation system 1s described in Section 7.3

6.2.2.2.2 System Description

The passive containment cooling system is a safety-related system which is capable of transferring
heat directly from the steel containment vessel to the environment. Thus transfer of heat prevents
the containment from exceeding the design pressure and temperature following a postulated design
basis accident, as identified in Chapters 6 and 15, Containment pressure is further reduced to one-
half the design pressure within 24 hours following the worst postulated loss of coolant accident.
The passive containment cooling system makes use of the steel containment vessel and the concrete
shield building surrounding the containment.  The major components of the passive containment
cooling system are the passive containment cooling water storage tank (PCCWST) which is
incorporated into the shield building structure above the containment. an air baffle, located between
the steel containment vessel and the concrete shield building, which defines the cooling air
flowpath. air inlets and an air exhaust, also incorporated into the shield building structure. and a
water distribution system, mounted on the outside surface of the steel containment vessel. which
functions to distribute water flow on the containment. A passive containment cooling ancillary
water storage tank and two recirculation pumps are provided for onsite storage of additional PCS
cooling water and to transfer the inventory to the PCCWST.

A normally isolated, manually-opened flow path is available between the passive containment
cooling system water storage tank and the spent fuel pool

A recirculation path 1s provided to control the passive containment cooling water storage tank
water chemustry and to provide heating for freeze protection. Passive containment cooling water
storage tank filling cperations and normal makeup needs are provided by the demineralized water
transfer and storage system discussed 1 subsection 9 2 4

The system piping and instrumentation diagram 1s shown in Figure 6 2 2-1. System parameters are
shown in Table 6 2 2-1 A simplified system sketch 1s included as Figure 6 2 2-2

6.2.2.2.3 Component Description

The mechanical components of the passive containment cooling system are described in this
subsection Table 6 2 2-2 provides the component design parameters.

Passive Containment Cooling Systema Water Storage Tank - The passive containment cooling



system water storage tank is incorporated into the shield building structure above the containment
vessel. The inside wetted walls of the tank are lined with stainless steel plate. It is filled with
demuneralized water and has a useable volume of greater than 406-600 531,000 gallons for passive
containment cooling functions. The passive containment cooling system functions as the safety-
related ultimate heat sink. The passive contanment cooling water storage tank is seismucally
designed and missile protected.

The surrounding reinforced concrete supporting structure 1s designed to ACI 349 as described in
subsection 3.8 43 The welded seams of the plates formung part of the leak tight boundary are
examuned by liquid penetrant after fabrication to confirm that the boundary does not leak

The tank also has redundant level measurement channels and alarms for monitoring the tank water
level and redundant temperature measurement channels to monitor and alarm for potential freezing
To maintain system operability, a recirculation loop that provides chemustry and temperature
control i1s connected to the tank

The tank is constructed to provide sufficient thermal inertia and insulation such that draindown can
be accomplished without heater operation.

In addition to its containment heat removal function, the passive containment cooling system water
storage tank also serves as a source of makeup water to the spent fuel pool and a seismuic Category
I water storage reservour for fire protection following a safe shutdown earthquake

The PCCWST suction pipe for the fire protection system (FPS) 1s configured so that actuation of
the FPS will not infringe on the $56.000 531,000 gallons volume allocated to the passive
containment cooling function. Additionally actuation of the passive containment cooling system
will not infringe on the 18,000 gallon volume allocated to the fire protection system.

Passive Containment Cooling System Water Storage Tank lsolation Valves - The passive
containment cooling system water storage tank outlet piping is equipped with two sets of redundant
isolation valves. The air-operated butterfly valves are normally closed and open upon recept of a
Hi-2 containment pressure signal These valves fail-open, providing a fail-safe position. on the
loss of air or loss of |E dc power. The normally-open motor-operated gate valves are located
upstream of the butterfly valves. They are provided to allow for testing or maintenance of the
butterfly valves.

The storage tank isolation valves, along with the passive containment cooling water storage tank
discharge piping and associated instrumentation between the passive containment cooling water
storage tank and the downstream side of the 1solation valves, are contained within a temperature-
controlled valve room to preveat freezing  Valve room heating i1s provided to maintain the room
temperature above SO°F

Flow Control Orifices - Onfices are installed in each of the four passive containment cooling
svstem water storage tank outlet pipes. They are used, along with the different elevations of the
outlet pipes, to control the flow of water from the passive containment cooling system water
storage tank as a function of water level The onfices are located within the temperature-controlled
valve room



Water Distribution Bucket - A water distnbution bucket is provided to deliver water to the outer
surface of the containment dome. The redundant passive containment cooling water delivery pipes
and auxihiary water source piping discharge into the bucket, below its operational water level. to
prevent excessive splashing. A set of circumferentially spaced distnibution slots are included
around the top of the bucket. The bucket is hung from the shie!d building roof and suspended just
above the containment dome for optimum water delivery.  The structural requirements for safety-
refated structural steel identified in subsection 5> 8 4 apply to the water distribution bucket
ANSI/ASCE-8-90 (Reference 24) is used for design and analysis of stainless steel cold formed
parts. The water distribution bucket 's fabricated from one or more of the matenals included in
Table 3 8 4-6, ASTM-A240 austemtic stainless steel, or ASTM-A276 austemitic stainless steel

Water Distribution Weir System - A weir-type water delivery system 1s provided to wet the
containment shell during passive containment cooling system operation. The system includes
channeling walls and collection troughs, equipped with distribution weirs. The distnibution system
is capable of functioning during extreme low- or high-ambient temperature conditions The
structural requirements for safety-related structural steel and cold formed steel structures identified
in subsection 3 8 4 apply to the water distribution weir system. ANSI/ASCE-8-90, (Reference 24)
is used for design and analysis of stainless steel cold formed parts The water distribution weir
svstem 1s fabricated from one or more of the matenals inciuded in Table 3 8 4-6, ASTM-A240
austenitic stainless steel, or ASTM-A276 austenitic stainless steel

Air Flow Path - An air flow path is provided to direct air along the outside of the containment
shell to provide containment cooling. The air flow path includes a screened shield building inlet, an
air baffle that divides the outer and wnner flow annuli, and a chimney to increase buovancy
Subsection 3 8 4 1.3 includes information regarding the air baffle The general arrangement
drawings provided in Section | 2 provide layvout information of the air flow path

Passive Containment Cooling Ancillary Water Storage Tank -  The passive contanment

cooling systera ancullary water storage tank 1s a cylindncal steel tank located at ground level near
the auxiliary building It is filled with demuineralized water and has a useable volume of greater
than 400,000 gallons for makeup to the passive containment coolling water storage tank. The tank
1s designed as an ASME section VIII component and to withstand seismic (SSE) conditions and a
{45 mph wind.

The tank has a level measurement and an alarm for monitoring the tank water level and a
temperature measurement channel to monitor and alarm for potential freezing. To maintain system
operability, an intemal heater, controlled by the temperature instrument is provided to maintain
water contents above freezing and chemustry can be adjusted by PCCWST recirculation loop

The tank is wnsulated to assure sufficient thermal inertia of the contents is available to prevent
freezing for 7 days without heater operation.  The transfer piping 1s maintained dry also to preclude
freezing

Chemical Addition Tank - The chemical addition tank is a small, vertical, cylindncal tank that 1s
sized to inject a solution of hydrogen peroxide to maintain a passive containment cooling water
storage tank concentration for control of algae growth

Recirculation Pumps - Each recirculation pump s a 100 percent capacity centnfugal pump with
wetted components made of austenric stainless steel. The pump 1s sized to recirculate the entire




ve! “ae of tank water once every week

Recirculation Heater - The recirculation heater is provided for freeze protection The heater s
sized based on heat losses from the passive containment cooling svstem water storage tank and
recirculation piping at the mimimum site temperature, as defined in Section 2 3

6.2.2.24 System Operation

Operation of the passive containment cooling system is initiated upon recetpt of two out cf four Hi-
2 containment pressure signals. Manual actuation by the operator is also possible from either the
main control room or remote shutdown workstation. System actaation consists of opening the
passive containment cooling svstem water storage tank 1solation valves. This allows the passive
containment cooling system water storage tank water to be delivered to the top. external surface of
the steel containment shell  The flow of water, provided entirely by the force of gravity, forms a
water film over the dome and side walls of the containment structure

The flow of water to the containment outer surface is initially established at approximately
440 gpm for short-term contzinment coolin,, following a design basis loss of coolant accident The
flow rate 1s reduced over a period of 72 hours to a value of approximately $3 63 gpm -and-finathy
to-approximately-—5-gpm-at-seven-days- This flow provides the desired reduction in containment
pressure over time and removes decay heat. The flow rate change is dependent only upon the
decreasing water level in the passive containment cooling water storage tank. Pror to 72 hours
after the event operator actions are taken to align the passive containment cooling ancillary water
storage tank to the suction of the PCS recirculation pumps to replenish the cooling water supply to
the PCCWST . Sufficient inventory is available within the PCCAWST to maintain the 63 gpm
flow rate for an additional 4 days.

To adequately wet the containment surface, the water is delivered to the distribution bucket above
the center of the containment dome which subsequently delivers the water to the containment
surface. A weir-type water distribution system 1s used on the dome surface to distnbute the water
for cffective wetting of the dome and vertical sides of the containment shell. The weir system
contains radial arms and weirs located considering the effects of tolerances of the containment
vessel design and construction. A corrosion-resistant paint or coating for the containment vessel is
specified to enhance surface wetability and film formation.

The cooling water not evaporated from the vessel wall flows down to the bottom of the nner
containment annulus into floor drains. The redundant floor drains route the excess water to sto, -
drains. The drain lines are always open (without 1solation valves) and each is sized to accept
maximum passive containment cooling system flow The interface with the storm drain system 1s
an open connection such that any blockage in the storm drains would result in the annulus drains
overflowing the connection draining the annulus independently of the storm drain system

A path for the natural circulation of air upward along the outside walls of the containment
structure 1s always open  The natural circulation air flow path begins at the shield building nlet.
where atmosphenic air enters honzontally through openings in the concrete structure.  Aur flows
past a set of fixed louvers and 1s forced to turn 90 degrees downward into an outer annulus  Ths
outer shield building annulus 1s encompassed by the concrete shield building on the outside and a
removable baffle on the inside. At the bottom of the baffle wall, curved vanes aid in turning the
flow upward (80 degrees into the inner containment annulus. This inner annulus is encompassed



6.2.2.3

by the baffle wall on the outside and the steel containment vessel on the inside.  Air flows up

through the inner annulus to the top of the containment vessel and then exhausts through the shield
building chimney

As the containment structure heats up n response to high containment temperature, heat 1s
removed from within the contamnment via conduction through the steel containment vessel.
convection from the containment surface to the water film, convection and evaporation from the
water film to the air, and radiation from the water film to the air baffle. As heat and water vapor
are transfe.red to the air space between the containment structure and air baffle. the air becomes
less dense than the air in the outer annulus. This density difference causes an increase in the
natural circulation of the air upward between the containment structure and the air baffle, with the
air finally exiting at the top center of the shield building.

The passive containment cooling system water storage tank provides water for containment wetting
for seven-days72 hours following system actuation. Operator action can be taken to replemish this
water supply from the PCCAWST or to provide an alternate water source directly to the
containment shell through an installed safety-related seismic piping connection In addition. water
sources used for normal filling operations can be used to replenish the water supply

The arrangement of the air inlet and air exhaust in the shield building structure has been selected so
that wind effects aids the natural air circulation. The air inlets are placed at the top, outside of the
shield building, providing a symmetrical air inlet that reduces the effect of wind speed and direction
or adjacent structures. The aw/water vapor exhaust structure is elevated above the air inlet to
provide additional buoyancy and reduces the potential of exhaust air being drawn into the air inlet
The air flow inlet and chimney regions are both designed to protect against ice or snow buildup
and to prevent foreign objects from entening the air flow path

[nadvertent actuation of the passive containment cooling system is termunated through operator
action by closing either of the semes isolation valves from the main control room.
Subsection 6 2.1 | 4 provides a discussion of the effects of inadvertent system actuation.

Safety Evaluation

The safety-related portions of the passive containment coo'ing system are located within tae shield
building structure. Thus building (including the safety-related portions of the passive containment
cooling system) 1s designed to withstand the effects of natural phenomena such as earthquakes,
winds, tornadoes, or fioods. Components of the passive containment cooling system are designed
to withsiand the effects of ambient temperature extremes.

Operation of the containment cooling system is itiated automatically following the receipt of a
Hi-2 containment pressure signal The use of this signal provides for system actuation duning
transients, resulting 1n mass and energy releases to containment, while avoiding unnecessary
actuations. System actuation requires the opening of eithor isolation valve, with no other actions
required to imtiate the post-accident heat removal function since the cooling air tlow path 1s always
open. Operation of the passive containment cooling system may also be nitiated from the main
control room and from the remote shutdown work station. A description of the actuation system is
contained in Section 7 3

The active components of the passive containment cooling system, the isolation valves, are located
in two redundant pipe lines  Failure of a component in one train does not affect the operability of



the other mechanical train or the overall system performance The fail-open, air-operated valves
require no clectnical power to move to their safe (open) position. The normally apen motor-
operated valves are powered from separate redundant Class 1E dc power sources. Table 6 2 2-3
presents a failure modes and effects analysis of the passive containment cooling system

Capability 1s provided to peniodically test actuation of the passive containment cooling system
Active components can be tested periodically during plant operation to venfy operability  The
system can be inspected durning umit shutdown  Additional information is contained in subsections
396and 6.2 24, as well as in the Technical Specitications.

The passive containment cooling system components located inside contaiament, the containment
pressure sensors, are tested and qualified to perform in a simulated design basis accident
environment. These components are protected from effects of postulated jet impingement and pipe
whip in case of a high-energy line break.

__w‘——‘n‘e COEH P e

seven-davs- Analyses alse show that the containment pressure is reduced to below one-half of the
design pressure within 24 hours following the most limiting design basis loss of coolant accident

The containment pressure analyses are based on an ambient air temperature of |15°F dry bulb and
80°F cowncident wet bulb  The passive containment cooling system water storage tank water
temperature basis 1s 120°F  Results of the analyses are provided in subsection 6 2 |

6.2.2.4 Testing and Inspection

6.2.24.1 Inspections

The passive containment cooling system 1s designed to permut penodic testing of system readiness
as upecified in the Techmical Specifications

The portions of the passive containment cooling system from the 1solation valves to the passive
containment cooling system water storage tank are accessible and can be inspected during power
operation or shutdown for leaktightness. Examination and inspection of the pressure retaining

piping welds is performed in accordance with ASME Code, Section X1 The design of the

containment vessel and air baffle retains provisions for the inspection of the vessel during plant
shutdowns.

6.2.2.4.2 Precperational Testing
Preoperation testing for the passive containment cooling system 1s addressed in Chapter 14
6.2.2.4.3 Operational Testing

Operational testing 1s performed to

. Demonstrate that the sequencing of valves occurs on the imitiation of Hi-2 containment



6.2.2.5

pressure and demonstrate the proper operation of remotely operated valves

. Venfy valve operation during plant operation. The normally open motor-operated valves.
in series with each normally closed air-operated 1solation valve, are temporanly closed
This closing permits isolation valve stroke testing without actuation of the passive
containment cooling system

. Venfy water flow delivery, consistent with the accident analysis.

. Venfy visually that the path for containment cooling air flow 1s not obstructed by debns or
foreign objects

. Test frequency i1s consistent with the plant technical specifications (Section 16 3 6) and
inservice testing program (Section 3 9 6)

Instrumentation Requirements

The status of the passive containment cooling system 1s displayed in the main control room. The
operator 1s alerted to problems with the operation of the equipment within this system during both
normal and post-accident conditions.

Normal operation of the passive containment cooling system is demonstrated by monitoring the
recirculation pump discharge pressure, flow rate, passive containment cooling svstem water
storage tank level and temperature, passive containment cooling ancillary water storage tank level
and temperature, and valve room temperature  Post-accident operation of the passive containment
cooling system is demonstrated by momitoning the passive containment cooling svstem water
storage tank level, passive containment cooling system ceehag water flow rate, containment
pressure and external cooling air discharge temperature.

The information on the activation signal-generating equipment 1s found in Chapter 7

The protection and safety monitoring system providing system actuation is discussed in Chapter 7



Table 6.2.2-1

PASSIVE CONTAINMENT COOLING SYSTEM PERFORMANCE PARAMETERS

PCCWST ' useable capacity for PCS (gal) - Minimum . ...................... . . o ((SStre )
PCCWST useable capacity for FPS™ (gal) - Minimum . .. ................. ... ... P
injection flow tate (gpm) - lnitia) - Minimam ... .................000iiiii .. 440
Injection flow rate (gpm) - Flow at 72 hours - Minimum R e s ATTAG ol SR R “¢ 3
Injection flow rate (gpm) - Final at 7days - Minimum . ... ...................... ... ... &90‘637&
ORI SN = SO ¢ s 4 5n e sor s 5 b b s s ey TR 7
A hl b P S N s S S
e B L Ty DS SRR R i S v S SO R vk 120
Notes:

. PCCWST = passive contunment cooling water storage tank

FPS = fire protection system



Table 6.2.2-2

COMPOMENT DATA
PASSIVE CONTAINMENT COOLING SYSTEM

(Nominal)

Passive Containment Cooling @w/am Storage Tank

Volume (gal) - Nominal) . .. . ..
Design temperature (°F)
Design pressure (psig)

o e AR R T

Passive Cootainment Ancillary Coounggw:m Storage Tank

Volume (gal) - Nominal)
Dosigntomporntam (*P) ..............00000e
Design pressure (psig)
Material

Water Distribution Bucket

Volume (gal) - Nominal . .. .. . ...
Design temperature (°F) . . .
SRR Pt D - .. ...
T S e S L S

Water Distribution Collection Troughs and Weirs
Design temperature (°F) . ..............
Design pressure (psig) ... ... ..

DO . o s

Ruu& cahLﬁmmn-l Coa\..\) R‘““‘A‘L
Q\)Ubl-l’

Type

Disyn Capecldy (gem)

Deugn folal A¢CGH~LQ‘ h-l (C)-)

|'OA ?‘ ~p

\1\
A

hererer

128§
Atmosphenc

Concrete with stanless steel line -

: A .
RIS |
Atmosphenc
Stainless steel

..... N/A
Atmosphenc
Staunless steel

L
cc«Lﬁc Ugg l

100
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6. Engineercd Safety Features
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Figure 622-2
Simplified Sketch of Passive Containment Cooling System
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PCS - Operating

CED APBOC

200 ) wecrupe: | ROIOB0E OS-OB0INE

3.6-1%5

3.6.6
ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME
Required Action and D.1 Be in MODE 3. 8 hours
associated Completion
Time of Conditions A, | AND
B, or C not met.
D.2 Be in MODE 4. 72 hours
OR
LCO not met for
reasons other than A,
B, o L.
SURVEILLANCE REQUIRE&ENTS
SURVEITLLANCE FREQUENCY
SR 3.6.6.1 Verify the water storage tank temperature NOTE----
= 40 °F a4’ = 120°F. Only required
when the
ambient
temperature
is = 32°F or
= 100°F
‘? 24 hours
/
[
SR 3.6.8.2 Ve the™water storage tank volume 24 hours
400,%0& allons.
SR 3.6.6.3 Verify each passive containment cooling 24 hours
system, power operated, and automatic
valve in each flow path that is not
locked, sealed, or otherwise secured in
position, is in the correct position.
(continued)

08/96 Amendment 0



B 3.6 CONTAINMENT

PCS - Operating
B 3.6.6

SYSTEMS

B 3.6.6 Passive Containment Cooling System (PCS) - Operating

BASES

BACKGROUND

The PCS provides containment cooling to 1imit post accident
pressure and temperature in containment to less than the
design values. Reduction of containment pressure reduces
the release of fissicn product radioactivity from
containment to the environment, in the event of a Design
Basis Accident (DBA). The Passive Containment Cooling
System is designed to meet the requirements of GDC 38
"Containment Heat Removal" and GDC 40 "Testing of
Containment Heat Removal Systems" (Ref. 1).

Four
The PCS consists of a Vecooling water tank, theee
headered tank discharge lines with flow restricting
orifices, and two separate full capacity discharge flow
paths to the containment vessel with isolation vaives, each
capable of meeting the design bases. The isolation valves
on each flow path are powered from a separate Division.

Upon actuation of the isolation valves, gravity flow of
water from the cooling water tank (contained in the shield
building structure above the containment) onto the upper
portion of the containment shell reduces the containment
pressure and temperature following a DBA. The flow of water
to the containment shell surface is initially established to
assure that the required short term containment cooling
requirements following the postulated worst case LOCA are
achieved. As the decay heat from the core becomes less with
time, the water flow to the containment shell is reduced in
two steps. The change in flow rate is attained without
uctive components in the system and i< dependent only on the
decreasing water level in the elevated storage tank. In
order to ensure the containment surface is adequately and
effectively wetted, the water is introduced at the center of
the containment dome and flows outward. Weirs are placed on
the dome surface to distribute the water and ensure

effective wettin? of the dome and vertical sides of the
containment shell.

The path for the natural circulation of air is from the air

intakes in the shield building, down the outside of the
baffle, up along the containment shell to the top, center

(continued)

cib AP600

APO tmctapac | BO3080E rOS-08 | 396
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ATTACHMENT 2

DESCRIPTION CF METHOD TO ACCOUNT FGR
CIRCUMFERENTIAL (2-DIMENSIONAL) CONDUCTION
THROUGH THE STEEL CONTAINMENT SHELI
rOK CONTAINMENT PRESSURE ANALYSES




TWO-DIMENSIONAL CONDUCTION THROUGH THE AP600 CONTAINMENT
SHELL FOR THE AP600 CONTAINMENT EVALUATION MODEL

1.0 INTRODUCTION

The AP600 Passive Containment Cooling System transfers heat from the containment
atmosphere to the outside environment. For the first seven days following a postulated
accident, cooling water is applied to the outside surface of the shell to facilitate the heat
removal process by evaporation of the applied water. Early in the postulated event, the water
applied to the shell exterior provides at least 90% coverage of the external surface. As the
transient progresses, the applied flow rate is reduced and the water coverage of the external
suiface area of the shell is reduced.

As evidenced by test data, the flow distribution weirs develop alternating wetted and dry,
vertical "stripes” of containment surface areas. These stripes become clearly segregated as the
applied water flow rate is reduced. Heat removal from the wetted areas is greater than from
the dry areas; evaporative cooling in the wetted area is much greater than convection from the
dry surface. This difference in heat removal capability results in a two-dimensional heat
transfer through the thickness of the containment shell. Thermal energy is conducted from
the hotter dry stripe areas into the adjacent portions of the containment shell cooled by a
wetted stripe. The transfer of additional thermal energy to the wetted stripe increases the
water evaporation rate, the containment heat removal rate, and the use of applied flow to cool
the containment.

20 EFFECT OF CIRCUMFERENTIAL (2-D) CONDUCTION THROUGH THE
STEEL CONTAINMENT SHELL ON THE EVAPORATION OF WATER BY
THE AP600 PASSIVE CONTAINMENT COOLING SYSTEM (PCS)

The AP600 water distribution testing, performed as part of the AP600 design certification
program, showed that the outside surface of the containment shell will be partially wetted
when the applied water flowrate is reduced below the high initial flowrate. At cold, unheated
conditions, the observed side wall wetting was 47% with 110 gpm and 24% with 55 gpm
equivalent applied flows for the AP600. The limited percentages of wetted area were a
crnsequence of cold water being applied to the cold surface at discretely spaced locations and
the fact that the cold water spread to a streami width that resulted in a [, of ~290 Ib/hr-ft,, ,...
Therefore, the observed stream width and wetted surface areas were directly proportional to
the water flow rate. At the flow rates given above, the stream widths were observed to be
less than the di,tance between weir slots and alternating, vertical, dry and wetted stripes
formed down the containment below the lower distribution weir.

Since the rate of evaporation of water from the containment shell is largely a function of the
waier film temperature, heat transfer from the dry surface areas to the wetted surface areas



will result in a significant enhancement to the currently calculated evaporation rates. The
currently calculated evaporation rates are based or. one dimensional, radial conduction through
the containment steel shell. As the PCS flows are reduced and wetted areas decrease, a
significant amount of heat will be conducted circumferentially through the steel shell from
adjacent hotter dry vertical stripes to the cooler wetted vertical stripes. Following is a
description of the method used to calculate the effect of circumferential 2-dimensional heat
conduction on the water evaporation and resulting containment pressure for the AP600
passive containment cooling system.

2.1 Geometry of the Wet and Dry Vertical Stripes on the Containment Outside Steel
Surface

The occurrence of alternating wet and dry vertical stripes on the containment outside surface
has been documented both on a cold, full scale model of 1/16th of the containment dome and
top portion of the containment sidewnil, in the AP600 Water Distribution Test (Ref. 1 and
Figure 1), and on a hot surface with evaporation in progress in the PCS Large Scale Test
(Ref. 2). In the water distribution test, it was demonstrated that water applied by the second
(lower) set of weirs on the significantly downward sloped portion of the containment dome
follows the natural fall line; resulting in wetted stripes at a spacing on the vertical sidewall
that is equal to the spacing of applied water streams at the weir, multiplied by the ratio of the
containment radius at the sidewall and the radius at the weir. For example, the 6-inch weir
slot spacing at the ~50-foot radius of the dome produced stripes at a spacing of ~8-inches at the
sidewall radius of 65-feet, and the stripes remained separated at low applied flowrates. In the
Large Scale Test, with heat transfer occurring, the wet stripes were observed to flow
vertically to the bottom of the sidewall until almost all of the applied water was evaporated.

This evaluation of the effects of 2-dimensional conduction on the wetted steel surface
temperature and resulting water evaporation rate was based on the same alternating wet and
dry stripe pattern and spacing produced by the water distribution weir(s) observed in the
water distribution test. Namely, an 8.35 inch center-line to center-line stripe spacing was
used. This corresponded to the lower weir position and weir notch spacing to be used in the
plant. In addition, a wider dry stripe directly under the 16 weir collection boxes was taken
into account.

2.2 inside and Outside Heat Transfer Boundary Conditions for the Conduction
Model

The boundary conditions used in the 2-dimensional conduction model were established by a
series of 1-dimensional steady state calculations of the PCS heat transfer process performed at
steady state containment pressures ranging from 10 psig to 65 psig (24.7 to 79.7 psia). These
calculations were done using the same heat and mass transfer methodology as used in
WGOTHIC and nrovided the .eat transfer and the temperature differences from the steam/air
mixture inside .~r@inment to the inside suiface of the containment shell, through the steel
shell, and from the wet and dry outside containment surface to the air. The heat transfer and



temperature differences were used to establish boundary condition heat transfer coefficients
for each containment pressure condition. The outside heat transfer coefficients vs. the outside
steel shell temperature obtained for each pressure condition for the wetted surface, were fitted
using a second egree polynomial for use in the conduction model. These boundary
conditions were reviewed to assure that the heat transfer rates at all containment
pressure/temperature conditions were higher than the corresponding heat transfer calculated by
WGOTHIC in the containment analysis. This assures that any increase in heat transfer, as
compared to the heat transfer with radial corduction through the containment steel shell, is
underpredicted.

2.3 Conduction (ANSYS) Model Description

The effect of circumferential conduction through the AP600 steel containment shell on the
shell surface temperatures and the resulting effects on the condensing heat transfer on the
inside surface, the evaporative heat transfer on outside wetted surfaces, and the convective
heat transfer from the dry outside surface; were quantified using the ANSYS computer code.
The ANSYS computer code is a multi-purpose, finite element program which has been
commerciaiy used since 1970. For this calculation ANSYS revision 5.3 was used.

The ANSYS calculation was a two dimensional thermal steady state analysis of a periodic
half-cell (cross section) that consisted of a two-dimensional block that was 0.1354 feet

(1.625 inches) thick and 0.3479 feet (4.174 inches) wide; corresponding to the AP600
containment steel shell thickness and the spacing of water streams at the containment sidewall
perimeter imposed by the PCS water distribution weirs. The half-cell had a length of one
unit (1-ft.). A conductivity of 24 Btwhr-ft-°F was assigned for the steel material. Adiabatic
boundary conditions were used for the right and left side of the half-cell model to represent
symmetry and periodicity of the cell.

The inside containment bulk temperature and a steam/air mixture heat transfer coefficient to
the inside steel surface were input for each containment inside pressure condition analyzed.
The outside heat transfer coefficient vs. the wetted steel outside surface temperature and a
constant dry surface heat transfer coefficient (with a fixed outside cooling air temperature)
conservatively bounding the pressure conditions analyzed, established the outside heat transfer
boundary conditions.

2.4  Conduction (ANSYS) Model Results

The heat flux fromn the wetted portion of the half-cell model were compared with the wetted
heat flux that occurs when radial heat conduction (1-dimensional conduction) is assumed.
Figure 2 shows the water evaporation rate with 2-dimensional conduction vs. the fraction of
wetted area, normalized to the evaporation rate calculated with radial heat conduction (1-
dimensional) outward through the steel shell, for containment pressures of 10, 15, 20, and 25
psig. Several additional plots to illustrate the effect of 2-dimensional conduction on the PCS
heat transfer process are provided for the 20 psig containment pressure , 25% wetted case. A



temperature distribution contour plot is shown for the ANSYS half-cell model in Figure 3,
with the surface inside containment at the top of the page. Figure 4 shows the thermal flux
from the inside to outside surface (-y direction), perpendicular to the containment shell.
Figures 5 and 6 show the thermal flux distribution on the outside and inside surface of the
wall respectively.

2.5  Insights from the PCS Large Scale Testing

Although the large scale PCS heat transfer testing was largely conducted with very high water
coverage fractions, that minimize the effect of circumferential conduction on the water
evaporation rate; a clear indication of this effect is demonstrated by comparing the results
from test run RCO48C of test matrix 212.1 and test run RCOS0C of test matrix 213.1. In
these tests, the containment pressure and other boundary conditions were essentially the same
with the exception that the amount of water applied to the external surface of the test vessel
was 17.4 gpm in test RCO48C and 6 gpm in test RCOSOC.

The reduced water flow rate in test RCOSOC resulted in a significant reduction in the wetted
area observed at the bottom of the test vessel sidewall, 52% for test RCOS0C vs. 95% for test
RCO48C. In spite of the reduced wetted area in test RCO50C, the total heat removed from
the test vessel and the amount of water evaporated in this test was ¢qual to test RCO48C. A
re-examination of this test data is underway, however it can be stated that the inside/outside
thermocouple pairs (used as local heat flux meters) where dry/wet stripes occur, demonstrate
the following:

* Elevated wet surface temperatures and enhanced water evaporation occurs at wetted
locations adjacent to dry stripes.

» Large measured through wall temperature differences occur at dry locations adjacent to
wet stripes, as would be expected with skewed isotherms similar to that shown in
Figure 3.

* Expected temperature differences and heat fluxes occur on both wet and dry surface
locations not adjacent to the edges of stripes.

3.0  APPLICATION TO AP600 CONTAINMENT EVALUATION MODEL

The AP600 PCS heat removal at a given containment pressure is determined largely by how
much of the applied water is evaporated. The heat removal or cooling effectiveness of the
cooling water applied to the containment shell is maximized if all the water applied
evaporates. Consequently, the determination of how much water, if any, runs off the
containment shell is necessary in determining the effectiveness of the applied cooling water.

The current containment analysis approach calculates the effective PCS flow rate for input to



the WGOTHIC code. The PCS flow is limited to only that flow which is calculated to be
evaporated. This is done so that the code is not required to determine wetted area as a
function of time. The applied PCS flow defined in this manner is called the "evaporation
limited flow" in the AP600 WGOTHIC Applications Report, Reference 3. The use of
"evaporation limited flow" for the containment evaluation model is conservative because it
accounts for only evaporated water and discounts sensible heating of any runoff flow.

In the AP600 plant, as the water coverage of the containment shell decreases due to decreases
in PCS flow rates, alternate wet and dry stripes are formed on the containment shell exterior
surface and 2-dimensional (radial and circumferential) heat conduction is established in the
containment shell. Initial calculations of "evaporation limited flow" accounted for only 1-
dimensional (radial) conduction through the containment shell.

Accounting for 2-dimensional conduction increases the temperature of the wetted steel
surface, and therefore also increases the temperature of the liquid film, over what is calculated
for 1-dimensional (radial) conduction only. The ircrease in the temperature of the liquid film,
in turn, results in the evaporation of more water, reducing the calculated runoff from the

shell. The following is a description of how the increase in water evaporation effectiveness
of the PCS when both radial and circumferential heat conduction through the steel
containment is accounted for in the AP600 containment evaluation model.

3.1 Calculating Fraction of PCS Water that Does Not Evaporate
The amount of water runoff from the containment sheli utilizes the sinuple relationship

between the total film flow rate, m; the total circumference, or width of the wetted surface,
W; and the film flow per unit width, [, The equation is;

s §Fw {1
and its derivative with respect to vertical distance is;

d m wdr‘ dw (2)

= av— - r o—— \ &

4z dz az

The wetted coverage aid runoff flow rate are calculated based on the following assumptions;

1) The initial film flow rate per unit width, [, is determined in part by the distribution
system and the ¢bility of cold water to spread on the cold containment surface.

2) The water flows in constant width stripes below each weir slot while the flow rate
(water film thickness) decreases due to evaporation for [ > I > Iy, The distance
the stripe travels down the containment sidewall is bounded 0 < Z < Z,,,, where 7y,



is the distance down the ¢ontainment wall where

At | [, €vaporation causes the film stripe to narrow while [" remains constant at
iIN 3

v
Initial Coverage

[he wetted coverage on AP600 containment with cold water was characterized in the Water

Distribution Tests. The initial film flow per unit width at the 65 ft radius, [',, 1s presented

in Table 7-2 of Reference 3. The film flow rate per unit width at the spring line is related to
the wetted primeter, W.,qn; and the applied flow rate, m , by Equation 1, m,y = Wepmn

[ st Where ' sr = 293 b, /hr-fi

)

Constant Widti: Coverage

After the water distribution 1s established, the film evaporates at mass flux, ¢., as it flows
down the shell in stripes having parallel sides. Since the stripes are parallel sided, W is
constant at W, For a constant width stripe, dl'/dz = - ¢, The change equations for m,

[, and W for the constant width portion of the stripe are

With the three equations listed above, the film mass flow rate, m; and the flow rate per ur.t

width, I': can be calculated for the constant width evaporation portion of the coverage. For

the case with ¢, = constant and W = constant as is assumed for [,y > ' > [,y and O < Z
Zn the analytical expression for the mass flow rate is

Equation 6 can be written in terms of difference equations for a numerical solution where Am

m-mandAZ=2,-2




Afh = - Wopno * Oy * A2 (7)

m, = M - Wepng " by " Z;-Z) (8)

Knowing m, the film flow rate per unit width is determined from Equation (1) where [ is
[pist = m/W. The value of Z when I' reduces to [y is Zy. The value of Z,,, can be
determined from Equation 6. That is,

My / wms'r i rum (9)

Lyn = Ou

Constant [, Coverage
When [ = [y, the stripe width, W, begins to narrow while [',, 1s maintained at a constant

value. The resulting change equations for m, I, and W for this portion of the stripe are:

dm

.d—z = ¢M-w “0)
a .o (11)
az

QMW (IJ)
r

= .-
iz

When ¢, = constant and [ = [, = constant, the solution to the dW/dZ expression is the
simple exponential function:

W = W ~exp“' Zy-Zy) | Taan (13)

When ¢,, is not constant with height the analytical expression for W depends on the
functional form of ¢, and is not necessarily a simple expressicn. However, a general
expression is written for numerical integration:

Knowing W from equation 13, 14 or 15, the mass flow rate at any Z is simply calculated



from Equation (1). The runoff flow rate i1s m, wine Where W is the value at the bottom

l
of the containment shell, Z = Z,,,,

Source for [, and [

lhe constant input values for the minimum stable film flow per unit width, ['y, and the
source film, [+ are listed in Section 7 of Reference 3. It is assumed that the film thins
while the film width, W, remains constant, until I, is reached. The value for ', 1s based
on observations from the PCS Water Distribution Test. The thinning of the liquid film until
["von 18 reached and narrowing afterwards is consistent with observations from the Large Scale

['est, and the value of I',,, 1s based on test and analytical results, Reference 3
3.2 Evaporation Limited Flow Calculation

By inspection of equation 13, it is noted that W, the film flow per unit width, is always
greater than zero. Thus, for constant values of ¢ and [, equation 13 will always predict
some water will run off the wall without evaporating. However, from caiculations performed
with the WGOTHIC code and experimental obszrvations, all the water applied to the
containment shell can be evaporated for some transient conditions. Thus, the preceding
calculation method 1s conservative in its execution. This calculational methoa is applied to
WGOTHIC code calculations by reducing the PCS source flow used as an input to the
calculations by the amount the water film model predicts to run off the containment shell
based on an assumed ¢ as discussed below. This reduced flow is defined as the "evaporation

limited flow." Using this "evaporation limited flow" as an input to the WGOTHIC code, the

11

WGOTHIC code will calculate the applied flow to completely evaporate
Basic Methodology

['he input to the calculational scheme to calculate the input film flow rate to WGOTHIC such
that the total evaporation is consistent with the preceding simple model is determined as

-
follows;

An average evaporation heat flux, ¢, at selected time(s) is determined for the wet
WGOTHIC climes below the lower weir. The evaporation mass flux is ¢, = ¢,/h,,
'he runoff, m 1s calculated for each time using Equations 6 and 13 for problems

with constant evaporation mass flux, or Equations 7 and 14 for problems with variable




evaporation flux.

3. The runoff, m,, is subtracted from the water source, m,,, and the difference is
available for input to WGOTHIC, thereby assuring that WGOTHIC predicts limited
evaporation of PCS water.

4. WGOTHIC is then run with the modified source input and the calculated results are
used to define ¢,, for input to Step 1 to recalculate runoff.

When the WGOTHIC calculated values of ¢,, are consistent with and slightly higher than the
values assumed for input under Step 1, the solution is converged.

Inclusion of 2-Dimensional Conduction F.{fects

At a given containment pressure, the benefit (increased evaporation of applied PCS flow from
the outside surface of the containment shell) calculated for inclusion of 2-dimensional heat
conduction is dependent upon the wetted width of the regularly spaced vertical stripes created
by the water distribution system at reduced PCS flow rates. Consequentially, the film
evaporation rate is also a function of the stripe width. Thus, the calculation of the width of
the film stripe is accomplished by iteration.

Accounting for 2-dimensional conduction through the containment shell increases the
evaporation at a given containment pressure. The change in evaporation with change in
wetted region has been expressed as the ratio of the evaporation rate for a wet stripe versus
the wetted fraction of the sidewall (W/W), where W, is the containment sidewall perimeter,
compared to the evaporation rate with only radial heat conduction. The function is:

3 “
5 & i 2.0785 i
w w

0

M - 26694 - 56293 v—‘y— 8.9047 (16)

Yol |

2
——] - 7.0263
Wo

0

where M is a multiplier applied to the one-dimensional calculations. The value, M, for a
given containment wetted fraction represents the increase in evaporation rate per unit area
resulting from accounting from 2-dimensional (radial and circumferential) heat transfer over
that calculated for the one-dimensional (radial only) case.

The function defined in equation 16 has been evaiuated to be applicable over a containment
pressure range of 10 to 25 psig.

Application of Evaporation Multipliers
During the initial high-flow PCS period, water coverage is high (~90% coverage) and two-

dimensional effects are small. However, when PCS flow is initially reduced from the high
flow value of 442 gpm to 123-110 gpm, coverage of the containment shell is predicted to be



reduced to about 50%,. Thus, it 1s

rom this time forward th
sional conduction is first applied to evaporation rates

hat the multiplier for two-
limen

4.0 SUMMARY

'he method used to account for two dimensional heat conduction in the containment shell to
iquid stripes and the methodology used to calculate the evaporation limited PCS flow at
fixed evaporation rate, ¢,,, have been described

containment shell provid

a

['he two-dimensional conduction through the
for increased evaporation rate o ihe PCS applied liquid. resul

tino
408 45°

CS
in an overall benefit to the predicted heat rejection rate of the PCS
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6. Engineered Safety Features
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