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ABSTRACT

A technical review and evaluation of the Seabrook Station Probabilistic
Safety Assessment has been performed. It is determined that (1) containment
response to severe core melt accidents is judged to be an important factor in
mitigating the consequences, (2) there is negligible probability of prompt
containment failure or failure to isolate, (3) failure during the first few
hours after core melt is also unlikely, (4) the point-estimate radiological
releases are comparable in magnitude to those used in WASH-1400, and (5) the
energy of release is somewhat higher than for the previously reviewed studies.
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1. INTRODUCTION

1.1 Background

Probabilistic Risk Asessment (PRA) studies rave been undertaken by a num-
ber of utilities (as exemplified by Refs, 1-4) and submitted to the Nuclear
Regulatory Commission (NRC) for review. Brookhaven National Laboratory (BNL)
under contract to the NRC, has been involved in reviewing core melt phenome-
nology, containment response and site consequence aspects of the PRAs.

This report presents a review and evaluation of the contaimment failure
modes and the radiological release characteristics of the Seabrook Station
Probabilistic Safety Assessment (SSPSA), which was completed by Pickard, Lowe
and Garrick, Inc., (PLG) for tne Public Service Company of New Hampshire and
Yankee Atomic Electric Company in December 1983,°

1.2 Objective and Scope

The objective of this report is to provide a perspective on severe acci-
dent propagation, contaimment response and failure moudes together with radiol-
ogical source term characteristics for the Seabrook Station, Accident initia-
tion and propagation into co~e damage and meltdown sequences were reviewed by
the Lawrence Livermore National Laboratory (LLNL) as reported in an incomplete
report [6] prepared for the Reiiability and Risk Assessment Branch of NRC.
~

In the pres
cussed and compared

report, principal contaimment design features are dis-
th_those of Zion, Indian Point and Millstone-3 designs.
Those portions of the SPSS related to severe accident phenomena, containment
response and radiologicaT source terms are described and evaluated. Numerical
adjustments to the SPSS estimates are documented and justified.

1.3 Organization of the Report

At brief review of the Seabrook plant features important to severe acci-
dent analysis is presented in Chzpter 2 along with comparisons to Zion, Indian
Point and Millstone-3 plant designs. Chapter 3 contains the assessment of
containment performance. Specifically, definition of contaimment response
classes and plant damage states, analytical containmment failure model,
containment event tree and accident phenomenology and the containment matrix
are reviewed, Chapter 4 addresses the accidefit source temms together with
Justifications for adjustment where necessary.
summarized in Chapter 5,




2. PLANT DESIGN AND FEATURES IMPORTANT TO SEVERE ACCIDENT ANALYSIS

In this section, those plant design features that may be important to an
assessment of degraded and core melt scenarios and contaimment analysis are
reviewed, These important features are then compared with the Zion, Indian
Point and Millstone-3 facilities to identify commonalities for benchmark
comparisons,

2.1 Assessment of Plant Design

The Seabrook Station is comprised of two nuclear units each having an
identical Nuclear Steam Supply System (NSSS) and turbine generator, The units
are arranged using a "sling-along" concept which results in Unit 2 being
arranged similar to Unit 1 but moved some 500 feet west, Each unit is a 1150
MWe (3650 MWt), 4-loop, Westinghouse PWR plant, The turbine-generators are
supplied by the General Electric Company and the balance of the plant is
designed by United Engineers and Constructors.

Each containment completely encloses an NSSS, and is a seismic Category I
reinforced concrete structure in the form of a right vertical cylinder with a
hemispherical top dome and flat foundation mat built on bedrock. The inside
face is lined with a welded carbon steel plate, providing a high degree of
leak tightness. A protective 4 ft, thick concrete mat, which forms the floor
of the containment, protects the liner over the foundation mat, The
containment structure provides biological shielding for normal and accident
conditions., The approx.mate dimensions of the containment are:

Inside diameter 140 ft.

Inside height 219 ft.

Vertical wall thickness 4 ft, 6 in, and 4 ft, 7 1/2 in.
Dome thickness 3 ft. 61/8 in.

Foundztion mat thickness 10 ft,

Containment penetration: are provided in the lower portion of the structure,
and consist of a personnel lock and an equipment hatch/personnel lock, a fuel
transfer tube, electrical, instrumentation, and ventilation penetrations.

Each containment enclosure (also known as secondary containment) sur-
rounds a containment and is designed in a similar configuration as a vertical
right cylindrical seismic Category I, reinforced concrete structure with dome
and ring base. The approximate dimensions of the structure are: inside diam-
eter, 158 ft; vertical wall thickness, varies from 1 ft, 3 in, to 3 ft; and
dome thickness, 1 ft, 3 in,

The containment enclosure is designed to collecQ%f:;;’}eakage from the
containment structure other than leakage associated with piping, electrical

and access passage penetration and discharge to the filtration system of
containment, To accomplish this, the space between the contaimment enclosure
and the containment structure, as well as the penetration and safeguards pump.
areas, are maintained at a negative pressure following a design basis accident
by fans which take suction from the containmen’. enclosure and exhaust to
atmosphere through charcoal filters, To ensure air tightness for the negative
pressure, leakage through all joints and penetrations has been minimized.



A containment spray system is utilized for post accident containment heat
removal. The contaimnment spray system is designed to spray water containing
boron and sodium hydroxide into the containment atmosphere after a major acci-
dent to cool it and remove iodine. The pumps initially take suction from the
refueling water storage tank and deliver water to the containment atmosphere
through the spray headers located in the contaimment dome. After a prescribed
amount of water is removed from the tank, the pump suction is transferred to
the contaimment sump, and cooling is continued by recirculating sump water
through the spray heat exchangers and back through the spray headers.

The spray is actuated by a containment spray actuation signal which is
generated at a designated contaimnment pressure. The system is completely re-
dundant and is designed to withstand any single failure,

The containment isolation system establishes and/or maintains isolation
of the containmment from the outside enviromment in order to prevent the re-
lease of fission products. Automatic trip isolation signals actuate the ap-
propriate valves to a closed position whenever automatic safety injection oc-
curs or high containment pressure is experienced. Low capacity thermal elec-
tric hydrogen recombiners are provided.

The emergency core cooling system (ECCS) injects borated water into the
reactor ccolant system following accidents to limit core damage, metal-water
reactions and fission product release, and to assure adequate shutdown mar-
gin. The ECCS also provides continuous long-term post-accident cooling of the
core by recirculating borated water between the containment sump and the reac-
tor core,

The ECCS consists of two centrifugal charging pumps, two high pressure
safety injection pumps, two residual heat removal pumps and heat exchangers,
and four safety injection accumulators. The system is completely redundant,
and will assure flow to the core in the event of any single failure.

The control building contains the building services necessary for contin-
uous occupancy of the control room complex by operating personnel during all
operating conditions. These building services include: HVAC services, air
purification and iodine removal, fresh air intakes, fire protection, emergency
breathing apparatus, communications and meteorological equipment, lighting,
and housekeeping facilities,

Engineered Safety Feature (ESF) filter systems required to perform a
safety-related function following a design basis accident are discussed below:

a. The contaimment enclosure exhaust filter system for each unit col-
lects, filters and discharges any containment leakage. The system is
not normmally in operation, but in the event of an accident, it is
placed in operation and keeps the containment enclosure and the
building volumes associated with the penetration tunnel and the ESF
equipment cubicles under negative pressure to ensure all leakage from.
the contaimnment structure is collected and filtered before discharge
to the plant vent.



b. One of two redundant charcoal filter exhaust trains is placed in
operation in the fuel storage building whenever irradiated fuel not
in a cask is being handled. These filter units together with dampers
and controls will maintain the building at a negative pressure,

The emergency feedwater system supplies demineralized water from the con-
densate water storage tank to the four steam generators upon loss of normal
feedwater flow to remove heat from the reactor coolant system, Operation of
the system will continue until the reactor coolant system pressure is reduced
to a value at which the resiaual heat removal system can be operated. The
combination of one turbine-driven and one motor-driven emergency feedwater
pump provides a diversity of power sources to assure delivery of condensate
under emergency conditions.

The two units of the facility are interconnected to off-site power via
three 345 kilovolt lines of the transmission system for the New England
states. The normal preferred source of power for each unit is its own main
turbine generator. The redundant safety feature buses of each unit are power-
ed by two unit auxiliary transformers. A highly reliable generator breaker is
provided to isolate the generator from the unit auxiliary transformers in the
event of a generator trip, thereby obviating the need for a bus transfer upon
loss of turbine generator power. In the event that the unit auxiliary trans-
formers are not available, the redundant safety feature buses of each unit are
powered by two reserve auxiliary transformers. Upon loss of off-site power,
each unit is supplied with adequate power by either of two fast-starting,
diesel-engine generators, Either diesel-engine generator and its associated
safety feature bus is capable of providing adequate power for a safe shutdown
under accident conditions s~ith a concurrent loss of off-site power., A con-
stant supply of power to vital instruments and controls of each unit is assur-
ed through the redundant 125 volt direct current buses and their associated
battery banks, battery chargers and inverters.

2.2 Comparison with Other Plants

Table 2.1 sets forth the design characteristics of the Zion, Indian
Point-2, and Millstone-3 facilities as they compare to the Seabrook station,

It is seen that the contaimment characteristics are quite similar with
the exception of containment operating pressure for Millstone-3 (subatmospher-
ic design), and the use of fan coolers in Zion and Indian Point for post-acci-
dent containment cooling, the lower reactor cavity configuration, and chemical
composition of the concrete mix, The primary system designs are nearly iden-
tical between the four units,

The Seabrook contaimment building basemat and the internal concrete
structures are composed of basaltic-based concrete. As concrete is heated,
water vapor and other gases are released. The initial gas consists largely of
carbon dioxide, the quantity of which depends on the amount of calcium carbon-
ate in the concrete mix. Limestone concrete can contain up to 80% calcium.
carbonate by weight, which could yield up to 53 1b of carbon dioxide per cubic
foot of concrete, However, basaltic-based concrete contains very little cal-
cium carbonate (3.43 wi for Seabrook) and would not release a substantial
amount of carbon dioxide.® Thus, pressurization of the containment as a
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Table 2.1 Comparison of Selected Design Characteristics

Zion Indian Point Millstone Seabrook
Design Parameters Unit 1} Unit 2° Unit 3.7 Unit 1,2°
Reactor Power [MW(t)] 3,250 3,030 3,411 3,650
Containment Building:
Free Volume (ft?) 2.73 x 108 2.61 x 108 2.3 x 108 2.7 x 10%
Design Pressure (psia) 62 62 59.7 67.7
Initial Pressure (psia) 15 14,7 12.7/9.1 15.2
Initial Temperature (°F) 120 120 120/80 120
Primary System:
Water Volume (ft?) 12,710 11,347 11,671 13,140
Steam Volume (ft3) 720 720 ? 2,012
Mass of UO, in Core (1b) 216,600 216,600 222,739 222,739
Mass of Steel in Core (1b) 21,000 20,407 ? 19,000
Mass of Ir in Core (1b) 44,500 44,600 45,296 45,234
Mass of Bottom Head (1b) 87,000 78,130 87,000 87,000
Bottom Head Diameter (ft) 14.4 14,7 14.4 14,4
Bottom Head Thickness (ft) 0.45 0.44 0.45 0.45
Containment Building Coolers:
Sprays yes yes yes yes
Fans (with safety function) yes yes no no
Accumulator Tanks:
Total Mass of Water (1b) 200,000 173,000 348,000 213,000
Initial Pressure (psia) 665 665 600 615
Temperature (°F) 150 150 80 ?
Refueling Water Storage Tank:
Total Mass of Water  (1b) 2.89 x 108 2.89 x 108 107 2.89 x 105+
Temperature (°F) 100 120 50 86
Reactor Cavity:
Configuration Wet Wet Dry Dry/Wet
Concrete Material Limestone Basaltic Basaltic Basaltic

*Minimum (Maximum Capacity = 3.9 x 10° 1b)
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result of corium/concrete interactions would be expected to take a very long
time.
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3. ASSESSMENT OF CONTAINMENT PERFORMANCE

In this chapter, the review of contaimment responce to severe accidents
is described. Analytical techniques used to analyze core meltdown phenomena
and containment response are reviewed, contaimment failure model is assessed
and plant damage states and contaimment failure modes are evaluated.
Parallels between this study and other PRAs are set forth, Finally, the rel-
evance and validity of the conclusions is addressed,

3.1 Contaimment Analysis Methods

A brief description of the computer codes used to perform the transient
degraded, core meltdown and containment response analyses is provided in this
section,

The MARCH® computer code is used to model the core and primary system
transient behavior and to obtain mass and energy releases from the primary
system until reactor vessel failure. These mass and energy releases are then
used as input to the other computer codes for analysis of containment re-
sponse,

For sequences in which the reactor coolant system remains at an elevated
pressure until the vessel failure (“time-phased dispersal“), the MODMESH®
computer code is used. This code calculates the steam and hydrogen blowdown
from the reactor vessel using an isothermal ideal gas model. The water level
boil-off from the reactor cavity floor is modeled using a saturated critical
heat flux correlation. Additionally, the accumulator discharge following de-
pressurization caused by the vessel failure is also considered.

A modifiad version of the CORCON? code is used to replace the INTER® sub-
routine of the MARCH code. CORCON models the core-concrete interaction after
the occurrence of dryout in the reactor cavity. The mass and energy releases
from the core-concrete interaction are transferred to the MODMESH code for
proper sequencing and integration into the overall mass and energy input to
COCOCLASS9 code.

COCOCLASSY9, a modified version of the Westinghouse COCO computer code
utilizes the mass and energy inputs to the contaimment as computed by MARCH to
model the containment building pressurization and hydrogen combustion phenom-
ena. This code replaces the MACE subroutine of the MARCH code. The code also
models heat transfer to the containment structures and capability for contain-
ment heat removal through containment sprays and sump recirculation,

Fission product transport and consequence calculations are performed
usin? the CORRAL-11 and the PLG proprietary CRACITS computer codes, respec-
tively.

The analyticql methods used to carry out the core and contaimment thermal
hydraulics, and ;xssion product transport calculations are identical to those
used for MPSS-3.
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3.2 Containment Failure

3.2.1 Background

In order to assess the risk of the Seabrook-1 plant, radiological source
terms have to be calculated. Many steps are involved in such calculations.
These are schematically shown in Fig. 3.1. The mode and time of containment
failure directly impact on the radioactivity release categories. These, when
coupled with the status of reactor cavity and the spray system, determine the
source temms, This section deals with the mode and time of containment fail-
ure.

3.2.2 Design Description

The primary containment of the Seabrook plant is a seismic Category I re-
inforced concrete dry structure., It consists of an upright cylinder topped
with a hemispherical dome., The inside diameter of the cylinder is 140 feet
and the inside height from the top of the basemat to the apex of the dome is
approximately 219 feet. The cylindrical wall is 4'6" thick above elevation 5'
and 4'7-1/2 " thick below that evaluation. The dome is 3'6-1/8" thick and
69'11-7/8" in radius. The cylinder is thickened to provide room for addition-
al reinforcing steel around the openings for the equipment hatch and the per-
sognelsairlock. The net free volume of the containment is approximately 2.7 x
10° ft~,

iyl 5 »
~~ The inside of the contaimment is welded with a steel liner., The liner

/plate is the cylinder is 3/8" thick in all areas except penetration and the

junction of the basemat and cylinder where it is 3/4" thick. This liner
serves as a leak-tight membrane. Welds that are embedded in the concrete and
not readily accessible are covered by a leak chase system which permits leak
testing of these welds throughout the life of the plant. The dome liner is
1/2" thick and flush with the outside face of the cylindrical liner. The
operating and the design parameters of containment are noted in Table 3.1.

The containment building is surrounded by an enclosure. The containment
enclosure is a reinforced concrete cylindrical structure with a hemispherical
dome. The inside diameter of the cylinder is 158 feet. The vertical wall
varies in thickness from 36 inches to 15 inches; the dome is 15 inches thick.
The inside of the dome is 5'6" above the top of the containment dome. Located
at the outside of the enclosure building is the plant vent stack, consisting
of a light steel frame with steel plates varying in cross-section. The stack
carries exhaust air from various buildings.

The contaimment enclosure is designed to control any leakage from the
containment structure, To accomplish this, the space between the containment
and the enclosure building (approximately 4'6" wide) is maintained at a slight
negative pressure (-0,25" water gauge) during accident conditions by fans
which take suction from the contaimment enclosure and exhaust to atmosphere
through charcoal filters.

There are a number of containment penetrations which are steel components
that resist pressure, These penetrations are not backed by structural con-
crete and include the following:
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Figure 3.1 A schematic representation of source termm calculation.
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Table 3.1 Containment Operating and Design Parameters

Parameter Value
Normal Operation
Pressure , psig 0.5
Inside Temperature , F 120
Qutside Temperature , F 90
Relative Humidity , % 45
Service Water Temperature , F 80
Refueling Water Temperature , F 86
Spray Water Temperature , F 88
Containment Enclosure Pressure , inches w.g. -0.25
Design Conditions
Pressure , psig 52.0
Temperature , F 296
Free Volume , ft3 2.7x106
Leak Rate , % mass/day 0.2
Containment Enclosure Pressure , psig =3.5
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Equipment hatch,

Personnel air lock,

Piping penetrations,

Electrical penetrations,

Fuel transfer tube assembly,

. Instrumentation penetrations, and
. Ventilation penetrations.
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These components penetrate the containment and containment enclosure shells to
provide access, anchor piping, or furnish some other operational requirement,
A1l penetrations are anchored to sleeves (or to barrels) which are embedded in
the concrete containment wall.

Equipment Hatch

The equipment hatch (Fig. 3.2) consists of the barrel, the spherical
dished cover plate with flange, and the air lock mounting sleeve., The center-
line of the hatch is located at elevation 37'1/2" and an azimuth of 150°., The
hatch opening has an inside diameter of 27'5"., A sleeve for a personnel air
lock, the inside diameter of which is 9'10", is provided at centerline eleva-
tion 30'6". Thicknesses of the primary components are as follows:

Component Thickness (inches)
Barrel 31/2
Spherical 1 3/8
Flange 5 3/8

Air lock mounting 1172

sleeve

The equipment hatch -cover is fitted with two seals that enclose a space
which can be pressurized to 52.0 psig. The flange of the cover plate is at-
tached to the hatch barrel with 32 swing bolts, 1-3/8 inch in diameter. The
barrel, which is also the sleeve for the equipment hatch, is embedded in the
shell of the concrete containment. The equipment hatch cover can be lifted to
clear the opening,

Inserted intc the mounting sleeve through the equipment hatch cover is a
personnel 2ir lock consisting of two air lock doors, two air lock bulkheads,
and the air lock barrel. Significant dimensions of the air lock are as
follows:

Parameter pimension
Inside Diameter of Barrel 9'6"
Barrel Thickness 1/2"
Door Opening 6'8" x 3'6"
Door Thickness 3/4"
Bulkhead Thickness 1-1/8"

Each door is locked by a set of six latch pin assemblies, and is designed to
withstand the design pressure from inside the contaimment. To resist the test
pressure, each door is fitted with a set of cast clamps. The doors are hinged
and both swing into the contaimment, Each door is fitted with two seals that
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are located such that the area between doors can be pressurized to 52.0 psig.
The doors are mechanistically interlocked so that only one door can be opened
at a time. The capability exists for bypassing this interlock to equalize the
pressure by use of special tools. The doors may be operated mechanically,

Personnel Air Lock

The personnel air lock (Fig. 3.3) consists of the air lock doors (2) and
the lock barrel. The barrel, which is also the sleeve for the personnel air
lock, is imbedded in the shell of the concrete containmment., The centerline of
the barrel is located at elevation 29'6" and an azimuth of 315°. Significant
dimensions are as follows:

Parameter Dimensions
Clear Opening 7'0"
0.0. of Flange on Door 7' 9 1/8"
Barrel Thickness 5/8"
Cover Thickness 5/8*

The air lock barrel has a door on each end, each of which is designed

to withstand the design pressure from inside the containment, The doors are
hinged and swing away from the air lock barrel., Each door is fitted with two
seals that are located such that the area between doors can be pressurized to
52.0 psig. The locking device for the doors is a rotating, third ring,
breach-type mechanism. These doors are also mechanically interlocked so that
only one door can be opened at a time. The capability exists for bypassing
this interlock and relieving the internal pressure by use of special tools.
The doors may be operated mechanically.

Piping Penetrations

There are two types of piping penetrations: moderate energy and high
energy. Moderate energy piping penetrations are used for process pipes in
which both the pressure is less than or equal to 275 psi, and the temperature
of the process fluid is less than or equal to 200°F., High energy piping pene-
trations are used for that piping in which the pressure or temperature exceeds
these values.

High energy piping penetrations (Fig. 3.4) consist of a section of pro-
cess pipe with an integrally-forged fluid head, a containment penetration
sleeve and, where a pipe whip restraint is not provided, a penetration sliding
support inside the contaimment. The sliding support provides shear restraint
while permitting relative motion between the pipe and the support. The annu-
lar space between the process pipe and the sleeve is completely filled with
fiberglass thermal insulation. The pipe and the fluid head, are classified as
ASME II1 Safety Class 2 (NC), whereas the sleeve is classified as part of the
concrete contaimnment, ASME III (CC). The sliding support inside the contain-
ment is classified as an ASME Safety Class 2 component support (NF).

Moderate energy piping penetrations (Fig. 3.5) consist of one or more
process pipes, the contaimment penetration sleeve, and a flat circular end-
plate. The pipe is classified as ASME Il Safety Class 2 (NC). The sleeve is
classified as ASME II1 Div. 2 (CC). The end-plate is classified as Class MC,



- 28
" e!;
| §
LOCK .:g
O | I
T= ELECTRICAL . !
! N\’\ ¢ sene TaaTIONS o0
: ' ‘  Peesoust. €
Locx
‘\nu"-cu. u._"'..‘..___ s
CONTROL PANEL J
4 Sl
—d»—‘ 3 A0DCEOAM TYR)
Ly A o e
SECTION 1014%6J 2
ScALE - 4" =10 .
A

SECTION 0149 N

Fiqure 3.3 Personnel airlock.

-'I-



SF‘AAglz'

HEAD (TviS Dwaq)

e -~ e ——

™
P )

XXX
‘6’0 o’c’t.’ﬂ.

S — — — — 7 o— — — - —— o e i s

L TR eme. Sen . vemS. m. WSS

R TS NS AR A
a‘!&m?'@ XS

|~ INSULAY ION)
JOMUS - WANVILLE
FLEABLE MiN-R
LIGHTWEIGHYT TYPE
(PR EQuAaL)

i (~p @
- R TN

‘Wesied®
5K
NOTE 4 .
Prvel CL2
FiELbweLD
Pui~19)
Div-
D
1y

WELD §ND
PREF, Dwe,.

\/ 805578

CENTERING LUGS MAVE

TTTBEEN DELETRD FRO™M FPEN.

~X I THROX-8 = = TTTTTT

Figure 3.4 Typical high energy piping penetration,



PR T S —

|
TR B B R4

PR —

PENETRAT I0M
0o m &j‘.ﬁ SLEEVE PRG D "’“"T |

b-:- 01497

Lidea

oMy Win

h N\ ?:;{l.n.o#‘r‘ . ‘,

"

b vy G SO0V ELOCH O

BN SLEEVES RAY AugT REGU SES WELD EUDMRER
ANBED PEABET o DWG 060 F 049G (PG -19)

Figure 3.5 Typical moderate energy piping penetration,

freitnauen (PXG-19)
)



"y

Table 3,2 gives a list of the containment piping penetrations. Included
in this table is the penetration size. All of these piping penetrations are
in the lower portion of the structure.

Electrical and Instrumentation Penetrations

Electrical penetrations (Fig. 3.6) consist of a stainless steel header
plate with an attached temminal box, electrical modules which are clamped to
the header plate, and a carbon steel weld ring which is welded to the header
plate and to the sleeve, The metallic pressure resisting parts, the sleeve,
stainless steel header plate and carbon steel weld ring were designed as ASME
111 Safety Class MC components (NE); that portion of the sleeve which is
backed by concrete was designed as part of the concrete containment, ASME III
(CC).

Double silicone and Hypalon O-rings provide a seal with a cavity for
leakage monitoring between the header plate and the modules. The header
plate is provided with a hole on the outside of the containment to allow for
pressurization of the penetration assembly for leakage monitoring.

There are a total of 64 electrical penetrations out of which 14 are spare
and 8 are unused. All of these electrical penetrations are below the grade.

Instrumentation penetrations are of two types -- electrical and fluid.
The electrical type is similar in construction to the other electrical pene-
trations. The fluid penetrations are similar in construction to the moderate
energy piping penetrations,

Fuel Transfer Tube Assembly

The fuel transfer tube assembly consists of the fuel transfer tube, the
penetration sleeve, the fixed saddle on the reactor side, and the sliding sad-
dle in the fuel storage building. The fuel transfer tube centerline is at
elevation (-)9'4-1/4" and it has approximately 20" inner diameter. The fuel
transfer tube wall penetration sleeve, which is embedded in the concrete, has
an inside diameter of about 25".

Ventilation Penetrations

There are two types of ventilation penetraticns -- the contaimment air
purge penetrations (HVAC-1 and HVAC-2) and the containment on-lirne penetra-
tions (X-16 and X-18), The contaimnment air purge penetrations (Fig. 3.7) each
consist of a pipe sleeve (a rolled and welded pipe section, 36" outer diameter
by 1/2" wall thickness) which is flanged at each end with 36" weld neck
flanges and, attached to these flanges, the inner and outer isolation valves,
Together with the pipe, these valves form a part of the contaimment pressure
boundary. The valves are 36" diameter butterfly valves with fail-safe pneu-
matic operators. The weld between the pipe and the contaimment liner is
equipped with a leak chase for pressure testing,

The containment on-1ine purge penetrations each consist of a pipe sleeve
(a rolled ind welded pipe section, 8" o.d. by 1/2" wall thickness). A short
section of pipe with a nipple is welded to the sleeve on the outside of the
containmment, and a 3/4" valve and test connection is attached to it, The
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Table 3.2 Containment Liner Penetrations

Penetration Penetration

Numbers Service Size
X-1 to X-4 Main steam line 30"
X-5 to X-8 Main feedwater 18"
X-9, X-10 RHR pump suction 12"
X-11 to x-13 RHR to safety injection 8"
X-14 to X-15 Containment building spray 8"
X-16, x-18 Containment on-line purge 8"
X-17 Hydrogenated vent header 2"
X-20 to X-23 CCW supply and return 12"
X-24 to X-27 Safety injection 4"
X-28 to X-31 CVCS to pump seal injection 2"
X-32, Xx-34 Drain line P
X-33, X-37 cvecs 3"
X-35, Xx-36, x-40 RCS test/sample control 1" or smaller
X-52, X-71, X-72
X-38 Combustible gas control 10"
X-39 Spent fuel pool cooling 2"
X=43, x-47, x-50 Instrumentation lines ?
X=57
X-60, x-61 From containment recirculation sump 16"
X-62 Fuel transfer tube 20"
X-63 to X-66 Steam generator blowdown 3"
X-67 Service air 2"
HVAC-1,2 Containment purge supply/exhaust lines 36"
X-19, x-41, x-42
X-44 to X-46, X-48  Spare ?

X-49, X-51, X-58
X-59, X-68 to X-70




OUTBOARD CONTAINMENT WALL INBOARD

STAINLESS STEEL

HEADER PLATE LINER PLATE
THERMAL
INSULATING 1N 1
GASKET: BOX MOUNTING RING
CANISTER
¥
I H -
: H v
| H
e
CARBON STEEL
WELD RING J/t
FIELD WELD SLEEVE—/
JUNCTION (TERMINAL) BOX JUNCTION BOX

Figure 3.6 Tyical electrical penetration,



«20-

ISOLATION VALVES

ENCLOSURE BUILDING CONTAINMENT WALL

SLEEVE

T

AT b -t SR L
NS el

e i e —

; - i
: 1 W
-

- "
SHNCY il \iy t
AR ns
N + |
Al

ISOLATION VALVES

Figure 3.7 Typical ventilation penetration,



' e

ends of this resulting assembly are welded to 8" weld neck flanges which are
through-bolted to the inner and outer isolation valves. These valves are 8"
diameter butterfly valves having fail-safe pneumatic operators. The weld be-
tween the pipe sleeve and the contaimment liner is equipped with a leak chase
for pressure testing. These on-line purge penetrations are very similar to
those for 36" lines shown earlier,

3.2.3 Leakage Rate Calculation

Under sever2 accident conditions the pressure inside the containment
quickly builds 4p in the range of 75 to 200 psi. At these pressures, any
leakage througt the contaimment holes will essentially be choked. The
leakage under choked flow condition is given as (Ref. 10):

z
&
—

WeWKGE)  AVEP (1)

where

discharge rate (kg/s),

leak area (m?),

absolute pressure (N/m?),

mixture density (kg/m?), and

= ratio of specific heat at constant pressure
to that at constant volume,

o vIPx
"

For air and water vapor mixture, k = 1,3, If the mixture density is expressed
by perfect gas law

p
o= v (2)
where
R = gas constant, and
T = the absolute temperature,

Then Eq.(1) becomes
k+1

kT
e Vidp  ayEr (3)

The mass of mixture can be written as

M= Vp
or,
y

M= P (8)

where V is the free mixture volume in the containment, Equations (3) and (4)
can be combined to get the leakage rate, in terms of mass fraction, as



k+1

" k=T

L oy

Note that the leakage rate, when expressed in tenm§ of mass fraction, depends
only on the leakage area.

FVRT A (5)

For Seabrook-1, using V = 2,704x106 ft3 and T = 296 F, Eq.(5) gives
Leakage Rate = 0,721 Ay w/0 per hour (6)
where Ajn is the leakage area in in?, Alternately,
Leakage Rate = 17,3 Aj, w/0 per day. (7)
The essentially intact design basis contaimment leakage of 0.2 w/o per day,
thus, corresponds to an equivalent leakage area of 0,012 in? (or, an equiva-
lent hole of 1/8-in diameter). A leakage area of 4 to 10 in? would correspond
to the leakage rate of 2.9 to 7.2 w/o per hour. In other words, it will take
about 14 hours to leak the entire content to the enviromment through a 10-in?
hole,

3.2.4 Containment Failure Model

3.2.4.1 leak-Before-Failure

During accident sequences involving core damage, the contaimment struc-
ture will be exposed to pressures and temperatures beyond those used in the
design basis accident (DBA). Response of the contaimment building to these
severe conditions is evaluated in SSPSA by employing, for the first time, a
leak-before-failure model. In this model allowance is made for continuous
leakage from the contaimment to the surroundings. This mode of containment
failure is termed local failure., The containment leakage can occur at many
locations and discontinuities such as mechanical and electrical penetrations,
personnel lock, equipment hatch, fuel transfer tube, welds, and in between the
liner and concrete. Depending upon the size of leakage area and the accident
sequence, local failures may gradually relieve pressure, thereby gross con-
taimment failure may be averted.

The leak-before-failure model is a realistic one. The extent of leakage
and the health consequences must, however, be carefully studied. In order to
explain this issue, it i1s observed that traditionally probabilistic risk as-
sessment is made by using what is termed a threshold model. In the threshold
model, the contaimment i1s considered intact until the internal loading equals
or exceeds a pressure threshold (which may also be temperature dependent), at
which it is deemed to have suffered a failure (gross). If the internal load-
ing is below this threshold value, the contaimment is considered intact and
hence the risk is quite low., In the leak-before-failure model, the release of
activity, which is considerably small compared with that for the gross faflure
mode, must be considered in health consequences. However, such leakages can
potentially prevent the internal pressure from approaching the threshold value
and thus a catastrophic or gross failure may be avoided,
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3.2.4.2 Classification of Failure

The SSPSA report has classified containment failures in three categories:

Containment Failure Category A, Includes containment failures that
develop a small leak that 5: substantially larger than the leak ac-
ceptable from an intact containment, but not large enough to arrest
the pressure rise in the contaimment, Category A failures thus cause
an early increase in the rate of leakage of radionuclides over the de-
sign basis leak rate but pressurization of the contaimment continues
until either a category B or C contaimment failure occurs.

The intact contaimnment is defined as the one in which leakage is lim-
ited by the Technical Specification value. For Seabrook-1, this value
is 0.2 w/o per day at the calculated peak accident pressure of approx-
imately 47 psig. Note that the SSPSA study has used 0.1 volume per-
cent per day for this leakage, although prior to the most recent
amendment dated August 1984, the FSAR has cited both 0.1 volume per-
cent and 0.1 w/o per day. The 10CFR50, Appendix J mandates the allow-
able leakage to be quoted as w/o per day. The higher value noted here
is based on Amendment 53, August 1984.*

Containment Failure Category B. Includes failure modes that develop a

large enough leak area so that the pressure in the contaimment no
longer increases. The time during which a substantial fraction of the
radionuclide source temm is released is longer than approximately 1 to
2 hours, Category B failures include self-regulating failure modes
where the leak area is initially small but increases with pressure so
that it becomes sufficient to terminate the pressure rise before a
category C contaimment failure occurs.

The definition of "subs.antial" fraction is unclear.

« Contaimment Faflure Category C. Includes those contaimment failure
modes that develop a large icak area. A large fraction of the total

radionuclide source termm is released over a period of less than |
hour., All gross failure modes are included in category C,

Mathematically, these three failure categories can be expressed in terms
of leakage areas as follows:

© Agga < Ay Awp Type A
J/,J.Mf..‘,_, "L, A
G s 7 he < B Iype 8 ®)
e h s

&

[' /;;(f"w Apga = leakage area corresponding to the technical

specification limit for contaimment leakage,

"There appears to be substantial update/chanyes 1in the Engineered Safety
Features flow diagram, including arrangements of motor operated valves and
bypass 1ines, which may substantially change the frequency of events, BNL,
however, 1s not reviewing this part of SSPSA,
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X i \ / Anp = leakage area not large enough to arrest
. A% § pressurization, and
\\}
s B Ap = leakage area sufficient to release 100 w/o
.

nuclide source term in approximately an hour ang’ can be computed using Eq.
}:(6). Assuming one-hundred percent turnover as a substantial fraction in one
o ‘hour, Eq. (€) gives the required leakage area to be equal to 138 in? or about
“W.N1 ft?, Therefore, any containment leak area in excess of 1 ft2 will b¢1,¢t:-

7 \fined as a gross containment failure (Cat This estimate of the Tead
\\\\\-'frea ii—ﬁ factor two too high from the value stated in 0 ’,éﬁguff

~  The leakage area required to arrest contaimment pressurization is in the
range of 4 to 10 square inches, the lower value being more representative of
wet sequences and the upper value is representative of dry sequences. A leak
area of about 6 square inches will result in the release of about 100 w/o of
activity in a ‘ﬂ{ (see Eq. 7). The upper bound leak area for Type A failure
is taken as 4 in“, This corresponds to release of the radioactive source term
(100% turnover) in about 36 hours, The Category B leak area is, thus, in the
range of 4 in? to 1 ft?, Figure 3.8 is a pictorial representation of these
leakage categories.

{K A in one hour,

L 1 E

\\¥\\ é The leakage area required to release a subst al fraction of the radio-
t}

3.2.5 Containment Pressure Capacity

2.2.5.1 Concrete Containment

The Seabrook PSA has examined failure modes for the containment structure
ftself, the steel liner, all penetrations, equipment and personne! lock hatch-
es, and the secondary contaimment., The contaimment structure includes the
cylindrical wall, the hemispherical dome, the base slab and the base slab and
containment wall junction, The most critical membrane tension was found to
occur in the cylinder 1n the hoop direction, The median pressure which causes
yield of both the liner steel and the reinforcing bars was found to be approx-
imately 157 psi, with a coefficient of variation of 0,084, The ultimate hoop
load in cylinder is 216 psig. The contaimment wall 1s, tnus, assumed to fai)
at this pressure, At pressures beyond this, very large irreversible deforma-
tions occur which will cause cracks in the reinforced concrete but the loss of
integrity of the pressure boundary may not occur until the liner tears. The
compiled radial deformations of the contaimment wall are shown in Figure 3.9,
:o;: :ha} ;ho radial strain at the expected failure pressure of 216 psi 1is

. ar/r),

The hemispherical dome was calculated to yield at a slightly higher pres-
sure (163 psig). The failure pressure is predicted at 223 psig.

The median pressure for flexural faflure of the base slab is 400 psig,
with a logarithmic standard deviation of 0.25., However, the shear mode of
failure is more restrictive. For this mode, the median failure pressure is
estimated in SS5PSA as 323 psig, with a logarithmic standard deviation of
0.23, Although the uncertainty for failure of the base slab is large, the
probability of failure s small because the median capacities are high, Thus,
fatlure of the base slab 1s not considered to be a critical failure mode and
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an estimation of leak areas was, therefore, not considered for this mode of
failure.

Secondary stresses in the cylindrical portion of the contaimment occur at
discontinuity such as at the base slab contaimment wall junction, at the
springline, and where the amount of reinforcing changes. The flexural yield
at the base of the cylinder occurs at 175 psi. At higher pressures, a plastic
hinge forms with considerable cracking of the concrete. These cracks, how-
ever, are small enough so as not to threaten the integrity of the liner, The
loss of integrity of the liner is not expected until a median pressure of 408
psi is reached. Thus, the failure of the base slab and containment wall junc-
tion is not limiting.

In summary, the containment wall is expected to undergo significant de-
formation (=4,7% ar/r) prior to its failure at 216 psig. At this pressure,
Type C (i.e., gross) failure occurs.

3.2.5.2 Liner

The elongation capacity of the steel liner is computed by neglecting the
friction forces between the liner and the concrete., The possibility that the
liner stresses and strains could be different between two different pairs of
tees was, however, considered. The SSPSA computed an elongation of 8,1 per-
cent under uniaxial conditions, or an elongation of 4,7 percent under plane
strain conditions can be achieved without fracture. This would ensure integ-
rity of the liner until fracture of the reinforcing bars. Additionally, the
leakage of the containment at penetrations is considered likely before hoop
failure of the liner occurs.

3.2.5.3 Penetrations

At all major penetrations, the contaimment wall is thickened and addi-
tio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>