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SUMMARY

The environmental envelopes that the safety related Class 1E equipment will exper-
ience following postulated high energy line breaks outside containment have been
determined. Systems containing high energy lines for which breaks have been
ev;;uated.inclnde the Main Steam, Feedwater, Auxiliary Steam and Condensate,

Chemical and Volume Control, Steam Generator Blowdown, and Hot Water Heating.
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INTRODUCTION

It is necessary to demonstrate that equipment used to perform a required
safety function for Seabrook Nuclear Station ~ Units 1 & 2 are capable of
functioning properly in the normsl, abnormal, of accident environmental
conditions to which they could be exposed. As stated in NUREG-OSBS(I), among
these environmental conditions are the elevated temperature, humidity,
and/or pressure which could result from the postulated rupture of high
energy lines which may be in the vicinity of this equipment. The purpose
of this study is to evaluate the consequences of high energy line breaks
outside containment and develop the environmental envelopes for Class 1lE

equipment.

31-1
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METHOD OF ANALYSIS

Each of the high energy lines and all of the Class 1E equipment outside

containment were identified and located. Based on thig information, the

various plant buildings were nodalized and the high energy line break (HELB)

locations chosen in such a way as to provide an accurate representation

of the environmental conditions that would result in the vicinity of the

Class 1E equipment following a postulated HELB.

- 2.1

Mass and Energy Releases

Each high energy line was evaluated on the basis of the methods of
Standard Review Plans 3.6.1 and 3.6.2(2) to determine the types,
areas, and locations of postulated ruptures that would result in the
most severe environmental conditions at each of the Class lE equip-
went. The break releases were calculated using the Moody critical
flow model(3) and accounting for physical restrictions within the
system (e.g. flow and pressure control valves) and the frictional

effects of the piping system.

These release rates were taken to be constant, i.e. no dedy of the
reservoir pressure was assumed, until isolation of the ruptured line
was initiated or, as in the case of the closed Hot Water Heating

Systems, until the piping inventory was depleted.

The methods and asau-ptions. employed in calculating the mass and
energy release rates for each high energy line are outlined in Table
2.1-1. As noted in this table, isolation of many of these lines will
be accomplished by the use of redundant temperature detectors in
various plant areas that, in the event of elevated temperatures, will

send closure signals to redundant isolation valves present in the

31-2
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high energy lines. The locations of these temperature detectors are

provided in Figures 2.1-1, 2.1-2, and 2.1-3.

The mass and energy release rates used in evaluating the pressure,
temperature, and humidity responses throughout the various plant areas

are calculated and defined in References 6, 7, and 8.

Pressure/Temperature/Humidity Transients
The environmental conditions that result due to postulated high
energy line ruptures were determined for the following areas:

1. Primary Auxiliary Building (PAB)

2. Containment Enclosure Area (CEA)

3. Fuel Storage Building (FSB)

4, Main Steam/Feedwater Pipe Chase

5. Tank Farm Area (TFA)

6. Waste Processing Building/Primary Auxiliary Building (WPB/
PAB) Chase

For HELB other than Hot Water heating Line Breaks (HWHLB), the envir-
onmental Responses of the PAB, CEA, TFA, WPB/PAB Chase, and MS/FW
Pipe Chase were calculated using the coMPRESS (4) computer program.
Using the break mass and energy releases and the building nodaliza-
tions discussed previously, COMPRESS calculates the transient ptes-'
sures, temperatures, and humidities that would occur throughout the
plant building following these ruptures. The methods and assumptions
used in these pressure/ temperature calculations agree with those of

NUREG-0588(1),

Table 2.2-]1 lists the ambient conditions, building initial conditions,

and other pertinent design basis information used in analyzing these

environmental transients. The ambient and initial conditions were
31-3
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chosen so as to maximize the temperature response that would result
from these postulated HELB. In addition, the Uchida condensing steam
heat transfer correlation is used during the condénsing mode while
a convective heat transfer coefficient of 2.0 Btu/hr-ft2-°F is used

otherwise.

The environmental response of the PAB, CEA, and FSB to postulated
HWHLB was calculated using a reasonable, yet still conservative, hand
calculation method which accounted for mass and heat transfer between
the hot water and the room air. Since the HWH subsystems are closed
systems which will not be isolated and these plant areas are supplied
with ventilation air by non-Class 1E systéms, the maximum temperatures
and humidities that result from HWHLB are calculated by releasing the

total HWH subsystem fluid mass into the initial room air mass.

The building initial conditions were determined based on the histor-
ical distribution of ambient conditions which occur during the time
of the year when the HWH system is in operation (September through

May). These conditions are defined in Table 2.2-1.
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HELB ANALYSES AND RESULTS

The environmental response of the plant buildings to postulated high energy

line ruptures were calculated using the methods outlined in Sectiom 2.0.

The results of these HELB analyses (other than HWHLB) are presented in the

following sections.

3.1

Primary Auxiliary Building

From an evaluation of each of the high energy lines in the PAB and
their operating conditions, it was concluded that the break locations
listed in Table 3.1-1 would provide environmental envelopes for the

Class 1E equipment.

Figure 3.1-1 shows the layout of the PAB and the zone designations
which were useful in defining the environmental parameters throughout
the PAB. Zone 32A, which is not shown, represents the PAB below the
the (-)6' elevation and includes the piping tunnels, Zone 32B repre-
sents the 2' and (-)6' elevations, and Zones 32 and 33C, 32 and 33D,
and 32 and 33E represent the 7', 25', and 53' elevations, respecfive-
ly. Zones 47 and 48 represent the Chemical and Volume Control System

(CVCS) equipment vaults and contain no Class 1E equipment.

Table 3.1-2 summarizes the peak and enveloping temperatures and pres-
sures that would occur in each of these zones for each postulated
high energy line rupture. All areas can be taken to experience 100%
relative humidity, condensing environments, however, air displacement
and thus essentially pure steam environments would be expected to

occur only in the general vicinity of the postulated breaks.
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For each of the ruptures considered in these tables there follows a
series of four figures, lettered A though D. The A series of these
figures (e.g. Figure 3.1-2A, 3.1-3A) physically defines the nodal
arrangement which was chosen to analyze the rupture's effect on the
PAB environment. The B series provides the flow diagrams and physical
parameters (volumes, heat sink areas, flow areas) for this nodal
arrangement. Figures C and D provide the calculated temperature and
pressure transients for each of the nodes defined in the A and B

series figures.

Containment Enclosure Area

The Containment Enclosure Area contains several high energy (CVCS)
lines, however, only the letdown line operates at an elevated tem—
perature. Therefore, only a rupture of this line has been comsidered

as stated in Table 3.2-1.

The layout of the Containment Encosure Area, which includes the
Mechanical Penetration Area, the Charging Pump Cubicles, and the
Residual Heat Removal (RHR), Safety Injection (SI), and Containment
Spray (CBS) Vaults, is shown in Figure 3.2-1A, Sheets 1 and 2. These
figures also show the nodal arrangement used, while Figure 3.2-1B
provides the corresponding flow diagram and physical parameters.
Table 3.2-2 summarizes the pressures and temperatures experienced in
the various areas of the enclosure volume following a postulated CVCS
letdown line break. Figures 3.2-1C and 3.2-1D show the transient
temperatures and pressures in the CEA. By a variation of the assumed
initial conditions (10% vs. 952 relative humidity), an additionmal
investigation was made which determined the maximum pressure response

of the CEA. This result is shown in Figure 3.2-1E. For the HELB
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. Nooe (£e3) AREA(fe2)
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6 38,235 15,900
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LOSS_FACTOR

R0 WBe AREACfED)  DNERTIACEET)) Ko Repp  Kpge Krotm
1 2 15.0 .05 .78 1.0 .01 1.79
13 128.7 .45 .42 .85 17 1.44
1 4 9.40 .8 .78 1.0 .20 1.98
2 4 31.5 .09 .78 1.0 .01 1.79
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L] *35 44.8 .80 .78 1.0 -30 2.08
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5 6 5.9 8.50 .78 1.0 3.2 4.98

Figure 3.1-2B: Nodal Parameters of Primary Auxiliary Building for
Steam Generator Blowdown Line Break Analysis
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