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6.0 ENGINEERED SAFETY FEATURES

6.1 ENGINEERED SAFETY FEATURE MATERIALS

Materials used in the engineered safety feature (ESF) components have been
evaluated to ensure that material interactions will not occur that could
potentially impair operation of the ESF. Materials have been selected to
withstand environmental conditions encountered during normal operation and any
postulated accident. Their compatibility with core and containment spray
solutions has been considered and the effects of radiolytic decomposition

products have been evaluated.

Coatings used on exterior surfaces within the primary containment are suitable
for the environmental conditions expected. Non-metallic thermal insulation
employed is required to have the proper ratio of leachable sodium plus
silicate i1ons to leachable chloride plus fluoride ions to minimize the

possibility of stress corrosion cracking.

6.1.1 METALLIC MATERIALS
6.1.1.1 Materials Selection and Fabrication
.3,k 3.1 Material Specifications

Principal pressure retaining materials and the appropriate material
specifications for the reactor coolant pressure boundary components are listed
in Table 5.2-5. Table 6 1-1 lists the principa! pressure retaining materials
and the appropriate material specifications for the engineered safety features
of the plant. All materials have been provided with ASME Section 11l material
tests as required by the applicable component safety classifications. In
addition, all Safety Class 2 carbon steel piping and valves installed in the
main steam or feedwater systems meet the fracture toughness requirements
specified in Subsection NB-2300, Section III of the ASME Code.






b.

Other Methods

The methods employed include:

F

Piping subject to the BWR coolant pressure boundary within the scope
of BOP piping is included in four systems: reactor recirculation,
nuclear boiler, standby liquid control and control rod drive. The
largest size piping used in these systems for BOP design is

1-1/2 inch diameter schedule 40 or thicker; over 99 percent are

one inch diameter or less and employ socket welded fittings. The
design of socket fittings, using fillet seal welds, limits the heat
flux into the pipe. When combined with a limited voltage, amperage
and weld feed control, this prevents sensitization of the type 304
austinetic stainless steel piping used. The gas tungsten arc welds
now being used in accordance with strict QA approved procedures
result in a maximum of 45,000 joules per inch; shielded metal arc
welds result in 56,000 joules per inch for all socket welded
stainless steel pipe. This limited heat input control, when
combined with the insulation effect of a socket seal weld connection
design, provides a maximum protection from sensitization of the
metal adjacent to the seal weld, since the weld is not exposed to

the reactor coolant.

Using socket seals welds to prevent the welded portion of pipe from
being exposed to the reactor coolant. This also eliminates the
necessity of interior grinding since the interior surface of the

pipe is not disturbed.

Using weld heat input control to limit the material heat flux to a

value that avoids the conditions that cause excessive sensitization.
Limiting weld interpass temperatures to 350° and the weld weave

pattern to four times the core wire diameter to control the heat

buildup that contributes to excessive sensitization.

6.1~3



o, 1. 5 Y. 3.2 Cleaning and Contamination Protection Procedures

Specifications for ESF piping and components specify requirements for
cleanliness and contamination protection during fabrication, shipment, and

storage as recommended by Regulatory Guide 1.44.

Exposure to contaminants capable of causing stress corrosion cracking of
austenitic stainless steel components was avoided by carefully controlling all
cleaning anu processing materials which contact the stainless steel during
manufacture and construction. Special care was exercised to ensure removal of
surface contaminants prior to any heating operations. Water quality for
cleaning, rinsing, flushing, and testing was controlled and monitored.
Suitable packaging and protection was provided for components to maintain

cleanliness during shipping and storage.

$:1.1.2.3.3 Cold Worked Stainless Steel

Austenitic stainless steel with a yield strength greater than 90,000 psi is

not used in engineered safety features systems.

6.1.1.1.3.4 Nonmetallic Insulation

Nonmetallic thermal insulation materials in ESF systems are in accordance with
the staff positions of Regulatory Guide 1.36. They have the proper ratio of
leachable sodium plus silicate ions, to leachable chloride plus fluoride ions.
A detailed discussion of the nonmetallic thermal insulation used inside

containment is presented in Section 6.1.2.

T N Weld Fabrication and Assembly of Stainless Steel ESF Components

All ESF system components and piping have been constructed in accordance with
the staff positions of Regulatory Guide 1.31 or the interim positions
specified in NRC Branch Technical Position MTEB 5-1, "Control of Stainless
Steel Welding." General compliance or alternate approach assessment for

Regulatory Guide 1.31 may also be found in Sections 1.8 and 5.2.3.



6.1.1.2 Composition, Compatibility and Stability of Containment and

Core Spray Coolants

Demineralized water, with no additives, is employed in the core cooling water
and containment sprays. No detrimental effects will occur on any of the ESF
materials from this high purity water. In addition, following an accident,
the containment and drywell atmospheres are maintained below &4 percent (by

volume) hydrogen in accordance with Regulatory Guide 1.7 (see Section 6.2.5).

No soluble acids or bases are stored within containment, except for the
5,150-gallon capacity sodium pentaborate (13 percent by weight) storage tank.
This volume of sodium pentaborate will be injected into the reactor only if a

failure of the CRD system occurs.

Water used in the engineered safety feature systems will be controlled to
provide assurance against stress corrosion cracking of unstabilized austenitic
stainless steel components. Water used for emergency core cooling systems and

spray systems will be controlled to ensure the following limits:
a. Conductivity = 3 to < 10 pmhos/cm at 25°C

b. Chloride (Cl-) < 0.50 ppm

c. pH=15.3to 8.6 at 25°C

Water used in the ESF systems is stored in the suppression pool and condensate

storage tank. Water quality is maintzined by filter demineralizers.

The coating systems used inside containment comply with the staff positions of
Regulatory Guide 1.54 and have undergone a qualification program to verify
integrity following a LOCA. All coating materials (exceptions are noted in
Section 6.1.2) used inside containment have been successfully tested at Oak
Ridge National Laboratory for irradiation decontamination and DBA in

accordance with application specifications(l’2’3).



The nonmetallic insulating system used inside containment (Owens-Corning
"Nu'k'on" fiberglass blanket insulation) has also undergone a qualification

(4)

program to verify its performance following a LOCA.
&.1.2 ORGANIC MATERIALS

Many protective coatings that are common in ‘ndustrial use can deteriorate in
a post accident environment and contribute substantial quantities of foreign
solids and residue to the reactor building sump. Therefore, protective
coatings to be used inside the reactor building have been demonstrated to
withstand the post accident conditions by satisfying all the criteria listed
in ANSI N101.2. Excluded from this qualification are trace amounts of epoxy
calking material which is used to seal weld discontinuities, such as porosity

and laminations prior to final application of the coating system.

The suitability of reactor building coating systems to withstand the DBA has
been evaluated. Coatings have been applied in accordance with manufacturer's

recommendations. In addition, the guidance of Regulatory Guide 1.54 is
followed.

Organic coating materials for inside the reactor building are listed in
Table 6.1-2. Stainless steels will not be placed in contact with organic
coatings or cleaning materials that could contribute to stress corrosion
cracking. These materials are compounds containing unacceptable levels of

leachable chlorides, fluorides, lead, zinc, copper, sulfur or mercury.

Various nonmetallic materials may be used in bearings: ethylene propylene,
silicone or butyl rubber for O-rings; wire wound asbestos for gaskets; cross
linked polyethylene or ethylene propylene rubber for cable insulation;
neoprene or chlorosulfonated polyethylene for cable jacketing; and lubricants
with less than 200 ppm leachable chlorides. Any plastics or elastomers used
in a high radiation area will be evaluated to determine service deterioration
in accordance with ANSI N&4.1.
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Penetrants used in liquid penetrant testing will contain not more than 1

percent total sulfur and not more than 1 percent total halogens.

The only significant organic materials on equipment supplied by General
Electric are the protective coatings used on some carbon steel components.
These coatings are specified to meet the requirements of Regulatory Guide 1.54
and are quaiified using the standard ANSI tests. However, because of the
impracticability of using these special coatings on all equipment, certain
exemptions are taken. These exemptions are restricted to small size equipment
where, in case of a LOCA, the paint debris would in no way be a safety hazard.
Exemptions are for such items as electronic/electrical trim, covers, face

plates, valve handles, etc.

Insulation used in containment (Owens Corning "Nu'K'on") is 95-100 percent
inorganic. Exterior cloth and fiberglass insulating wool are the major
components of the insulation. Together they represent over 95 percent of the

total mass of the insulation.

The insulation is comprised of a quilted, light density, semi-rigid fiberous
glass (pad) material, encapsulated in woven glass (cloth) to form a composite
blanket. The blankets will use stainless steel Velcro hooks and Nomex nylon

hooks for ease of installation and removal.

Insulation blankets outside guard pipes are encapsulated with rolled and
formed 26 gauge (304) stainless steel jacketing, combining quick release

latches and closure handles.

6.1.3 REFERENCES FOR SECTION 6.1
1. Bechtel Corporation, "Standard Speciiication Coatings for Nuclear Power
Plants," Spec. Nos. CP-951, CP-952, (P-956.

N

American National Standards Institute, "Protective Coatings (Paints) for

Light Water Nuclear Reactor Containment Facilities," ANSI N101.2, 1972.



American National Standards Institute, "Protective Coatings (Paints) for

the Nuclear Industry,” ANSI N5.12, 1974.

Topical Report OCF-1, "Nuclear Containment Insulation System,'

August 1977.
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TABLE 6.1-1

PRINCIPAL ENGINEERED SAFETY FEATURES COMPONENT
PRESSURE RETAINING MATERIALS

Principal Component Form Material ASME Specification

RHR Heat Exchanger:

Shell, head and Plate Carbon steel SA-516, GR 70
channel
Tube sheet Plate Carbon steel SA-516, GR 70
Nozzles Forging Carbon steel SA-105
Flanges Forging Carbon steel SA-105
Tubes Tubing Stainless steel SA-249, Type 304L
Bolts Bar Low alloy steel SA-193, GR B7
Nuts Forging Low alioy steel SA-194, GR 7
RHR, HPCS and LPCS
Pumps :
Bowl assembly Casting Cast steel A-216, GR WCB (ASTM)
Discharge head Plate Carbon steel SA-516, GR 70
shell
Discharge head Forging Carbon steel SA-105
cover
Suction barrel Plate Carbon steel SA-516, GR 70
shell and
dished head
Flanges Forging Carbon steel SA-105
Pipe Plate Carbon steel SA-516, GR 70
Pipe Carbon steel SA-106, GR B
Shaft Bar Stainless steel A-276, Type 410 (ASTM)
Impeller Casting Stainless steel A-351, GR CA6NM (ASTM)
Studs Bolting Alloy steel SA-193, GR B7
Nuts Nut Low alloy steel SA-194, GR 7
Cyclone separator Bar Stainless steel SA-479
body and cover
HPCS Valves:
Body, bonnet Casting Cast steel SA-216, WCB
and disc
Stem Bar Stainless steel A-479, Type 410 (ASTM)
Studs Bar Alloy steel SA-193, GR B7
Nuts Bar Steel SA-194, GR 2H



Principal Component

Standby Liquid
Control Pump:

Fluid cylinder
Cylinder head,
valve, cover,
and stuf. ‘ng
box flange plate
Cylinder head
extension, valve
stop, and
stuffing box
Stuffing box
gland and
plungers
Studs
Nuts

Standby Liquid
Storage Tank:

Tank
Fittings
Pipe
Welds

Control Rod
Velocity Limiter

Other Components

Piping:

TABLE 6.1-1 (Continued)

Form

Forging
Plate

Bar

Forging
Bar

Forging

Plate
Forgings
Pipe
Electrodes

Casting

Pipe

Forgings

Material

Stainless steel
Stainless steel

Stainless steel

Nickel alloy

Alloy steel
Alloy steel

Stainless steel
Stainless steel

ASME Specification

SA-182, F304
SA-240, Type 304

SA-479, Type 304

SA-564, Type 630

SA-193, GR
SA-194, GR

B7
7

SA-240, Type 304

Stainless
Stainless

Stainless

steel
steel

steel

SA-182, Type F304

SA-312, Type 304

SFA 5.4 and 5.9, Types
308, 308L, 316, 316L

A-351, GR CF8 (ASTM)

Stainless steel
Stainless steel
Stainless steel
Stainless steel
Stainless steel
Stainless steel
Carbon steel
Carbon steel
Carbon steel
Carbon steel
Alloy steel
Alloy steel
Alloy steel
Stainless steel
Stainless steel
Carbon steel
Alloy steel
Alloy steel
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SA-312, Type 304
SA-312, Type 316L
SA-358, Type 304, Cl-2
SA-376, Type 304

SA-403, GR
SA-403, GR
SA-155, GR

WP304
WP304H
KCF70, C1-2

SA-155, GRKCF70, Cl-1

SA-234, GR
SA-106, GR
SA-335, GR
€A-335, GR
SB-464

SA-182, GR
SA-182, GR
SA-105

SA-182, GR
SA-182, GR

WPB
B

P12
P22

F304
F3l6

F12
F22



Other Components

Valves:

Pumps:

Vessels:

TABLE 6.1-1 (Lontinued)

Form
Plate

Bolting
Nuts

Castings

Forgings

Plate

Bolts
Nuts

Bar

Castings
Plate
Pipe

Bolts

Plate

Pipe

Material

Stainless steel
Alloy steel
Carbon steel

Stainless steel
Stainless steel
Stainless steel
Carbon steel
Carbon steel
Stainless steel
Alloy steel
Stainless steel
Stainless steel
Alloy steel
Alloy steel
Alloy steel
Carbon steel
Carbon steel
Alloy steel
Carbon steel
Carbon steel
Carbon steel
Stainless steel
Carbon steel
Stainless steel
Carbon steel
Stainless steel
Stainless steel

(per Code Case 1773)

Stainless steel
Carbon steel
Stainless steel
Carbon steel
Carbon steel
Carbon steel
Alloy steel
Alloy steel

Stainless steel
Carbon steel
Stainless steel

6.1-11

ASME Specification

SA-240, Type 304
SA-193, GR B7
SA-194, GR 2H

SA-351, GR CF8M
SA-351, GR CF8
SA-487, GR CA6NM
SA-216, GR WCB
SA-351, GR CN7M
SA-351, GR CF3M
SA-217, GR WC9
SA-182, GR F316
SA-182, GR F304
SA-182, GR F11
SA-182, GR F12
SB-462

SA-105

SA-350, GR LF1
SA-182, GR F22
SA-516, GR 60
SA-516, GR 65
SA-516, GR 70
SA-193, GR B8
SA-193, GR B8
SA-194, GR B8
SA-194, GR ZzH
SA-479, Type 316L
SA-564, Type 630

SA-351, GR CF8M
SA-216, GR WCB
SA-240, Type 304
SA-515, GR 70
SA-106, GR B
SA-155, GR C55
SA-193, GR B7
SA-193, GR B8

SA-240, Type 304L
SA-283, GR C
SA-312, Type 304L



Other Components

Heat Exchangers:

TABLE 6.1-1 (Continued)

Form

Plate

Pipe

Forgings

Extrusions
(tubes)

Bolts

Nuts

Material

Stainless steel
Carbon steel

Carbon steel
Carbon steel
Stainless steel
Copper

Alloy steel
Carbon steel

6.1-12

ASME Specification

SA-240, GR 304L
SA-285, GR C
SA-306, GR 60
SA-515, GR 70
SA-516, GR 70
SA-53, GR B
SA-181, GR I
SA-249, GR 304L
S8-359

SA-193, GR B7
SA-194, GR 2H



TABLE 6.1-2

ORGANIC COATING MATERIALS INSIDE REACTOR BUILDING

Material
Arei DFT . Materials Weight Total Weight
Surface (£2%) (mi 2% _Type  (oz./mil-ft)  __ (lbs) _
steel'’ 210,000 8 Polyamide - 15 15,800
cured epoxy
Concrete 45,000 20 Polyamide - 1 8,500
cured epoxy
Total 24,300
NOTE :
Includes pipe, structural steel, plate and equipment.
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6.2

6.2.

6.2.

6.2.

CONTAINMENT SYSTEMS

1 CONTAINMENT FUNCTIONAL DESIGN
: 1% | Containment Structure
| I Design Bases

The pressure suppression containment system is designed to have the following

functional capabilities:

The containment and drywell have the capability to maintain functional
integrity during and following peak transient pressures and temperatures
which would occur following any postulated loss of coclant accident
(LOCA). The LOCA includes the worst single failure (which leads to
maximum containment and drywell pressure and temperature) and is further
postulated to occure simultaneously with loss of offsite power and a safe
shutdown earthquake (SSE). A detailed discussion of LOCA events is
presented in Section 6.2.1.1.3.3. A detailed discussion of mass and

energy released is presented in Section 6.2.1.3.

The containment, in combination with other accident mitigation systems,
limits fission product leakage during and following the postulated design
basis accident to values less than leakage rates that would result in
offsite doses greater than those stated in 10 CFR 100.

The containment system and drywell can withstand coincident fluid jet
forces associated with the flow from the postulated rupture of any pipe

within the containment or drywell.

The containment design permits removal of fuel assemblies from the

reactor core after the postuiated LOCA.
The containment system is protected from or is designed to withstand

missiles from internal sources and excessive motion of pipes which could

directly or indirectly endanger the integr:ty of the containment.
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£ The containment system provides means to channel the flow from postulated

pipe ruptures in the drywell to the suppression pool.

g. The containment system is desigucd to allow for periodically performing
tests at the peak pressure calculated to result from the postulated design
basis accident to confirm the leaktight integrity of the containment and

containment penetrations.

6.2.1.1.2 Design Features

General layout drawings of the containment structure are provided by Figures
1.2-3 through 1.2-11 and 1.2-13.

Design provisions for pnrotection of the containment structure against internally
and externally generated missiles are discussed in Section 3.5. Protection

against pipe rupture is discussed in Section 3.6.

Codes, standards, and guides apriicable to the design of the containment and

internal structures are addressed in Sections 3.8.2 and 3.8.3.

The tests that demonstrate the functional capability of otructural systems and

components are discussed in Section 6.2.1.6.

The functional capability and frequency of operation of systems which maintain
containment and subcompartment atmospheric conditions within limits during normal

plant operation are discussed in Section 9.4.6.

Design provisions for protection of the containment structure against loss of
integrity under external pressure loading conditions resuiting from inadvertent
operation of heat removal systems that could result in significant ext:.rnal

structural loadings are described in Section 3.8.2.
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Oidedil 3 Design Evaluation

02 1:1,.3:1 Summary Evaluation

Key design parameters and the maximum calculated accident parameters for the
pressure suppression containment are presenied by Table 6.2-1. These design and
maximum calculated accident parameters are not determined from a single accident
event but from an envelope of accident conditions. As a result there is no

single design basis accident (DBA) for this containment system.

It is assumed for analytica! purposes that the primary system and containment are
initially at the maximum normal operating conditions. References 1 through &4
describe relevant experimental verification of analytical models used to evaluate

the containment system response.

5.2.1.1.3.2 Containment Design Parameters

Table 6.2-2 provides a listing of key design parameters for the primary
containment system, including the design characteristics of the drywell,

suppression pool, and pressure suppression vent system.

Table 6.2-3 provides a listing of performance parameters for the related
engineered safety feature systems which supplement the design conditions
presented by Table 6.2-2 for containment cooling purposes during post blowdown,
long term accident operation., Performance parameiers listed include those
applicable to full capacity operation and to those conservatively reduced

capacities assumed for containment analyses.

8.3.3:0.3:3 Accident Response Analysis

The containment functional evaluation is based upon consideration of several
postulated accident conditions resulting in release of reactor coolant te

containment. These accidents include the following:

a. Instantaneous guillotine rupture of a recirculation line.



b. Instantaneous guillotine rupture of a main steam line.

¢. Rupture of an intermediate size liquid line.

d. Rupture of a small size steam line.

Energy release resulting from these accidents is addressed in Section 6.2.1.3.
5.8:1-%:3. 3,1 Recirculaticy Line Break

Immediately following rupture of a recirculation line, flow from both sides of
the break is the maximum value limited by critical flow considerations. The
total effective flow area is shown by Figure 6.2-1. On the side of the break
adjacent to the suction nozzle, flow corresponds to critical flow in the pipe
cross section. On the side adjacent to the injection nozzle, flow coriesponds
to critical flow at the ten jet pump nozzles associated with the broken loop.
In addition, the cleanup line crosstie adds to the critical flow area. Table
6.2-4 summarizes the break areas.

8,2:1:1.3.3.1.1 Assumptions for Reactor Blowdown

The response of the reactor coolant system during the blowdown period of the

accident is analyzed using the following assumptions:
a. Initial conditions for the recirculation line break accident are such
that system energy is maximized and system mass is minimized. These

connditions are as follows:

1. The reactor is operating at 102 percent of rated power. This

maximizes post accident decay heat.

2. Service water temperature is the makimum normal.

3. Suppression pool mass is at the low water level.
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4. Suppression pool temperature is the maximum normal.

The recirculation line is considered to be severed instantly. This
results in the most rapid coolant loss and depressurization of the
reactor pressure vessel. Coolant is discharged from both ends of the
break.

Reactor power generation ceases at the time of accident initiation as a
re. 11t of void formation in the core region. Scram occurs less than one
seccnd after receipt of the high drywell pressure signal. The difference

between shutdown times is negligible.

Reactor pressure vessel depressurization flow rates are calculated using
Moody's critical flow nodel(a), assuming "liquid only" outflow since this
assumption maximizes the energy release to the drywell. "Liquid only"
outflow implies that all vapor formed in the reactor pressure vessel by
bulk flashing rises to the surface rather than being entrained in the
evizting flow. In reality, some of the vapor would be entrained in the
break flow which would significantly reduce reactor pressure vessel
discharge flow rates. Further, Moody's critical flow model, which
assumes annular, isentropic flow, thermodynamic phase equilibriuvm, and
maximized slip ratio, accurately predicts reactor pressure Vesse.
outflows through small orifices. Actual rates through larger flow areas,
however, are less than the model indicates because of the effects of a
nearly homogeneous two phase flow pattern and phase nonequilibrium.

These effects are conservatively neglected in the analysis.

Core decay heat and sensible heat released in cooling the fuel to initial
average coolant temperature are included in the reactor pressure vessel
depressurization calculation. The rate of energy release is calculated
using a conservately high heat transfer coefficient throughout the
depressurization period. The resulting high energy relcase rate causes
the reactor pressure vessel to maintain nearly rated pressure for
approximately 20 seconds. The high reactor pressure vessel pressure

increases the calculated blowdown flow rates. This, again, is
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conservative for analytical purposes. The sensible energy of the fuel
stored at temperatures below the initial average coolant temperature is
released to the reactor pressure vessel fluid along with the stored
energy in the vessel and internals as vessel fluid temperatures decrease

during the remainder of the transient calculation.

- The main steam isolation valves start closing at 0.5 seconds a.ter the
accident. These valves are fully closed in the shortest possible time of
three seconds following closure initiation. Actually, 'he closure signal
for the main steam isolation valves occurs as a result of low reactor
water level. Therefore, the valves do not receive a signal to close for
more than four seconds and the closing time may be as long as five
seconds. By assuming rapid closure of the main steam isolation valves,
the reactor pressure vessel is maintained at a high pressure which

maximizes the calculated discharge of high energy water in the drywell.

R. A complete loss of offsite power occurs simultaneously with the pipe
break. This condition results in the loss of puwer conversion system
equipment and also requires that all vital systems for long term cooling

be supported by onsite power supplies.

$2.1.1,.3.3.1.1.2 Assumptions for Containment Pressurization

The pressure response of the containment during the blowdown period of the

accident is analyzed using the following assumptions:

a. Thermodynamic equilibrium exists in the drywell and containment. Since
highly turbulent conditions are expected due to the blowdown flow, the

analysis assumes complete mixing.

b. Fluid flowing through the drywell to suppression pool vents is formed
trom a homogeneous mixture of the fluid in the drywell. Use of this
assumption results in complete carryover of the drywell air and a higher
positive flow rate of liquid droplets which conservativcly maximizes vent

pressure losses.
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T Fluid flow in the drywell to suppression pool vents is compressible,

except for the liquid phase.

d. No heat loss occurs from the gases inside containment. Actually,

condensation of some steam on the drywell surfaces would occur.
8:8:5:1:3.3:1.3 Assumptions for Long Term Cooling

Following the blowdown period, the emergency core cooling system (ECCS),
discussed in Section 6.3, provides water for core flooding, containment spray,
and long term decay heat removal. The containment pressure and temperature

response during thi~ period is analyzed using the following assumptions:

a. The low pressure core injection (LPCI) pumps are used to flood the core
prior to 600 seconds after the accident. The high pressure core spray

(HPCS) 1s available for the entire accident.

b. The effects on suppression pool temperature decay energy, stored energy,
sensible energy, energy added by ECCS pumps, and energy from the

zirconium water reaction are considered.

€. The suppression pooi is the only heat sink available in the containment
system. After 1,800 seconds, makeup water from the upper containment

pool is included.

d. After approximately 1,800 seconds, the residual heat removal (RHR) heat
exchangers are activated to remove energy from the containment by means
of recirculation cooling of the suppression pool with the RHR service

water systems. It is conservatively assumed that containment spray is

not used.

Performance of the ECCS equipment during the long term cooling period is

evaluated for e.ch of the following cases of interest:

a. Case A, offsite power available, all ECCS equipment operating.
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b. Case B, loss of offsite power, mirimum diesel power available for ECCS.

6.2.1.1.3.3.1.4 Initial Conditions for Accident Analysis

Table 6.2-5 presents the initial reactor coolant system and containment
conditions used in all the acrcident response evaluations. This tabulation

includes paramters for the reactor, drywell, and containment.

Table 6.2-4 provides the initial conditions and numerical values assumed for
the recirculation line break accident, as well as the sources of energy
considered prior to the postulated pipe rupture. The assumed conditions for

the reactor blowdown are also provided.

Mass and energy release sources and rates for the containment response

analyses are addressed in Section 6.2.1.3.

0.:2-3:0:3:3:0:5 Short Term Accident Response

The calculated containment pressure and temperature responses for the
recirculation line break are shown by Figures 6.2-2 and 6.2-3, respectively.
Following the break, drywell pressure increases rapidly due to the injection
of the break flow. The peak drywell pressure occurs during the vent clearing
phase of the transient as suppression pool water is being cleared from the
vents. Followire vent clearing, drywell pressure decreases as break flow

decreases.

The containment is pressurized early in the transient by the carryover of
noncondensibles from <he drywell. As the transient continues, break flow is
injected into the suopression pool and the temperature of the suppression pool
water increases, causing containment pressure to increase. At the end of the
blowdown, drywell pressure stabilizes at a slightly higher pressure than the
containment, the difference being equal to the hydrostatic head of vent
submergence. During the reactor pressure vessel depressurization phase most
of the noncondensible gases initially in the drywell are forced into

containment . However, following depressurization the noncondensibles are
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redistributed between the drywell and containment through the vacuum breaker
system. This redistribution occurs as steam in the drywell is condensed by the
relatively cool ECCS water which begins to cascade from the break causing drywell

pressure to decrease.

The ECCS supplics sufficient core cooling water to control core heatup and limit
metal-water reaction to less than one percent. After the reactor pressure vessel
is flooded to the height of the jet pump nozzles, the excess flow discharges
through the recirculation line break into the drywell. This flow of water (steam
flow is negligible) transports the core decay heat out of the reactor pressure
vessel through the broken recirculation line in the form of hoc water. This hot
water flows into the suppression pool through the drywell to suppression pool

veat system.

Table 6.2-6 lists the peak pressure, temperature, and time parameters for the
recircuiation line break as predicted for the conditions presented by Tables
6.2-4 and 6.2-5 and corresponds with Figures 6.2-2 and 6.2-3. Figure 6 2-4

illustrates the time dependent response of the drywell differential pressure.

During the blowdown period of the LOCA the pressure suppression vent system
conducts the flow of the steam-water gas mixture in the drywell to the
suppression pool for condensation of the steam. The pressure differential
between the drywell and suppression pool controls this flow. Figure 6.2-5

provides the mass flow through the vent sysiem versus time relationship for this

accident.
6.2.3.1,3.3.1.6 Long Term Accident Responses

To assess the adequacy of the containment following the initial blowdown
transient, an analysis of the long term temperature and pressure response
following the accident was peiformed. The assumptions used in this analysis are

these discussed in Section 6.2.1.1.3.3.1.3 for the twe cases of interest.



Case A; All ECCS Equipment Operating

This case assumes that offsite a-c power is available to operate all
cocling systems. During the first 1,800 seconds following the pipe break
HPCS, low pressure core spray (LPCS), and all LPCI pumps are assumed to

be operating. All flow is injected directly into the reactor vessel.

After 1,800 seconds both RHR heat exchangers are activated to remove
energy from the containment. In this mode of operation LPCI flow is
routed through both RHR heat exchangers where the fluid is cooled before

being returned to the suppression pocl.

The containment pressure response under this set of conditions is
s1'ustrated by the solid line of Figure 6.2-6. Corresponding drywell and
suppression pool temperature responses are shown by Figures 6.2-7 and
6.2-8. Arter the initial blowdown and subsequent depressurization, core
decay heat results in a gradual pressure and temperature rise in
containment. When the energy remov:' rate of the RHRS equals the energy
addition rate from decay heat, cont. 'ment pressure and temperature reach
a second peak value and then decrease gradually. Table 6.2-7 summar’zes
equipment operation, the peak long term containment pressure, and the

peak suppression pool temperature.

Case B; Loss of Offsite Power, Minimum ECCS Equipment Operating

This case assuaes that no offsite power is available following the
accident and that only minimum diesel generator power is available.
After 1800 seconds LPCI flow through one RHR heat exchanger is returned
to the suppression pool. The containment pressure response under this
set of coaditions is illustrated by the dashed line of Figure 6.2-6.
Corresponding drywell and suppression pool temperature responses are

shown bv Figures 6.2-7 and 6.2-8. A summary for this case is presented
by Table 6.2-7.
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b.

from the suppression pool following a LOCA (Section 6.2.2 describes the

containment cooling mode of RHRS operation). The heat removal rate is
shown by both Case A and Case B. The first case assumes that all ECCS
equipment is available, including both KHR heat exchangers and the

associated emergency service water pumps. The second case assumes the

very degraded minimum cooling condition that limits heat removal capacity

to one heat exchanger. For both cases it is conservatively assumed that

all the time of the accident the RHR service water is at the maximum

design temperature as defined by Table 6.2-3.

0:8:2:31.3.3.%.7 Energy Balance during Accident

The following energy sources and sinks are required to establish an energy

distribution in containment as a function of time (short term, long term) for

this accident:

Blowdown energy release rates.

Decay heat rate and fuel relaxation sensible energy.
Sensible heat rate (vessel and internals).

Pump heat rate.

Rate of removal of heat from the suppression pool (see Figure 6.2-9).

Metal-water reaction heat rate.

A further discussion of Items a. through d. and f. above, is provided in
Section 6.2.1.3.

Figure 6.2-9 shows the rate at which the RHR heat exchanger removes heat




82 1.3:3.3.1.8 Chronology of Accident Events

A complete description of the containment response to the recirculation line
break is presented by Sections 6.2.1.1.3.3.1.5 through 6.2.1.1.3.3.1.7.
Results for this accident are illustrated by Figures 6.2-2 through 6.2-9.

:0:1.0.9:3:2 Main Steam Line Break

The postulated sudden rupture of a main steam line between the reactor
pressure vessel and the flow limiter results in the maximum rate of primary
system fluid flow and energy to transfer to the drywell. This, in turn,
results in the maximum drywell differential pressure. Steam flow immediately
following rupture of a main steam line between the reactor pressure vessel and
the break accelerates to the maximum allowed by the critical flow
considerations. On the side adjacent to the reactor pressure vessel the flow
corresponds to critical flow in the main steam line break area. Blowdown
through the other side of the break occurs because the main steam lines are
all interconnected by the bypass header at a point upstream of the turbine.
This interconnection allows primary system fluid to flow from the three
unbroken steam lines through the header back into the drywell through the
broken line. Flow is limited by critical flow in the steam line flow

restrictor. The total effective flow area is given by Figure 6.2-10.
0.2:1.1.3.3.2.1 Assumptions for Reactor Blowdown

The response of the reactor coolant system during the blowdown period of the
accident i1s analyzed using the assumptions listed in Section 6.2.1.1.3.3.1.1

for the recirculation line break, with the following exceptions:

a. Reactor pressure vessel depressurization flow rates are calculated using

Moody's critical flow model(3). During the first second of blowdown the

flow consists of saturated steam.

Immediately following the break the total steam flow rate leaving the
reactor pressure vessel exceeds the rate of steam generation in the core.
This causes an initial depressurization of the reactor pressure vessel.

Void formation in the woter within the reactor pressure vessel causes a
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rapid rise in vessel water level. It is conservatively assumed that
water level reaches the vessel steam nozzles one second after the break
occurs. The water level rise time of one second is the minimum that
could occur under any reactor operating condition. After cne second, a

two-phase mixture is discharged from the break.

b. The main steam isolation valves start to close at 0.5 seconds after the
accide1: and are fully closed in the maximum time of five seconds after
initiation of closure. By assuming slow closure of these valves, a large
effective break area is maintained for a longer period of time. Peak
drywell pressure occurs before the reduction in effective break area and
is, the efore, insensitive to any additional delay in closure of the main

steam :solation valves.

8:2:1:3.3.3.2.2 Assumptions for Containment Pressurization

The pressure response of the containment during the blowdown period of the

accident is analyzed using the assumptions listed in Section 6.2.1.1.3.3.1 2.

i l.1:3.3:2:3 Assumptions for Long Term Cooling

The containment pressure and temperature response during the period following

blowdown is analyzed using the assumptions listed in Section 6.2.1.1.3.3.1.3.

9.2.3.2.3.3.2.4 Initial Conditions for Accident Analyses

Table 6.2-5 lists the initial reactor coolant system and containment
conditions used in all the accident response evaluations. This tabulation

includes parameters for the reactor, drywell, and containment.

Table 6.2-4 lists the initial conditions and numerical values assumed for the
main steam line break accident, as well as the sources of energy considered
prior to the postulated pipe rupture. Assumed conditioas for the reactor

blowdown are also provided.
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Mass and energy release sources and rates for the containment response

analyses are presented in Section 6.2.1.3.
$.2:.3.3.3:3.2.5 Short Term Accident Response

Figure 6.2-11 and 6.2-12 show the pressure and temperature responses of the
drywell and suppression pool during the primary system blowdown phase of the
main steam line break accident. Figure 6.2-13 shows the response of the
drywell differential pressure and Figure 6.2-14 shows the vent mass flow

versus time.

The drywell atmesphere temperature approaches a peak after approximately one
second of primary system blowdown. At that time, water level in the reactor
pressure vessel reaches the steam line nozzle elevation and the blowdown flow
changes to a two phase mixture. This increased flow causes a more rapid
drywell pressure rise. The peak differential pressure occurs shortly after
the vent clearing transient. As the blowdown proceeds, the primary system
pressure and fluid inventory decrease, resulting in reduced break flow rates.
As a consequence the flow rate in the vent system and the differential

pressure between the drywell and suppression pool begin to decrease.

Table 6.2-6 presents the peak pressures, peak temperatures, and times of this
accident in comparison with similar parameters for the recirculation line

break.

After the primary system pressure has decreased to the drywell pressure, the
blowdown is over. At this time the drywell contains saturated steam and
drywell and containment pressures stabilize. The pressure difference

corresponds to the hydr_static pressure of vent submergence.

The drywell and suppression pool remain in this equilibrium condition until
the reactor pressure vessel is reflooded. During this period the ECCS pumps
inject cooling water from the suppression pool into the reactor. This

injection of water eventually floods the reactor vessel to the level of the
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steam line nozzles. At this point the ECCS flow spills into the drywell. The
water spillage condenses the steam in the drywe!l, reducing drywell pressure.
As soon as drywell pressure drops below containment pressure, the drywell
vacuum breakers open and noncondensible gases from containment flow into the

drywell until pressures in the two regions are equalized.

0.8-3,1.3.9:2.% Long Term Accident Responses

The long term containment pressure and temperature responses following the
accident are identical to those described in Section 6.2.1.1.3.1.6 for the
recirculation line break. The results are shown by Figures 6.2-6 through

6.2-9. Table 6.2-7 summarizes cooling equipyment operation, peak long term

containment pressure, and peak suppression pool temperature.
o R O B Energy Balance during Accident
The following energy sources and sinks are required to establish an energy

distribution in containment as a function of time (short term, long term) for

this accident:

a. Blowdown energy release rates.

b.  Decay heat and fuel relaxation sensible energy.

&, Sensible heat rate (reactor pressure vessel and intervals).

d. Pump heat rate.

e. Rate of removal of heat from the suppression pool (see Figure 6.2-9).
. Metal-water reaction heat rate.

A further discussion of Items a. through d. and f. above, is provided in
Section 6.2.1.3. A complete energy balance for the main steam line break

accident is provided by Table 6.2-8 for the reactor system, containment, and
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containment cooling systems at time zero, time of peak drywell pressure, time of

end of reactor blowdown, and time of long term peak pressure in containment.

0. 2.1.7.3.3.2.8 Chronology of Accident Events

A complete description of the containment response to the main steam line break
is presented in Sections 6.2.1.1.3.3.2.5 through 6.2.1.1.3.3.2.7. Results for
this accident analysis are shown by Figures 6.2-6 through 6.2-14. A
chronological sequence of events for this accident from time zero is provided by
Table 6.2-9.

6.2.1.1.3.3.3 Hot Standby Accident Analysis

Both the short term and long term response of the containment system have been
evaluated, assuming that the reactor has been operating in the hot standby mode

prior to the LOCA.

The peak drywell pressure following a main steam line break is dependent upon the
rise time of the reactor pressure vessel water level since this determines the
time at which two phase blowdown begins. A level rise time of one second is a
conservative bounding condition for a main steam line break at a reduced reactor
power level. However, since a one second level rise time was conservatively
assumed for the LOCA at 102 percent of rated power, the peak drywell pressure
following a blowdown at hot standby will be no higher than shown by Figure
6.2=11.

In the event of a recirculation line break, the short term blowdown flow rate is
essentia.i, independent of reactor power level if the same initial reactor
pressure 1s ocssumed for all power levels. In practice the lower reactor
pressures associated with reduced reactor power result in lower blowdown flow
rates and in peak drywell prossures lower than the value presented by Figure
6.2-2. The short term drywell response to either a main steam line or
recirculation lin: break is insensitive to suppression pool water temperature.

This insensitivity is due to domination of the transient by the rate at which
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energy is transferred to the drywell and the rate at which vent clearing can

be accomplished. Neither is sensitive to suppressiocn pool water temperature.

The leng term suppression pool and containment transient is only affected very
slightly by a period of hot standby operation prior to blowdown. Figure
$.2-15 presents a comparison of suppression pool temperature transients

following a blowdown under the following conditions:

a. Maximum normal suppression pool water temperature and 102 percent of

rated power.
b. Approximately 1/2 hour of hot standby operation.

In both cases containment cooling (RHRS) is initiated 30 minutes after the
LOCA.

A blowdown at 1/2 hour after an isolation results in the highest peak long
term temperature because it is assumed that no heat is rejected from the
system for 1/2 hour after the start of an isolation event. Thus, from the
results presented by Figure 6.2-15, the long term consequences of a LOCA
occurring after a period of hot standby operation are no more severe than for

a LOCA occurring at 102 percent of rated steam flow.
0-2:1:3:3.3:% Intermediate Size Breaks

The classification, intermediate size breaks, includes those breaks, the
blowdown from which results in reactor depressurization and operation of the
ECCS. This section describes the consequences to the cuntainment of a

0.68 ft2 break below the reactor pressure vessel water level. This break was
chosen as being representative of the intermediate siz. orea' range. Such

breaks can involve either reactor steam or liquid blowdown.
Following the occurrence of the 0.68 ftz break, drywell pressure increases at

approximately one psi/sec. This transient is sufficiently slow tiat the

dynamic effect of the water in the vents is negligible and the vents clear
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when the drywell to containment differential pressure is equal to the vent

submergence hydrostatic pressure.

Figures 6.2-16 and 6.2-17 show the drywell and containment pressure and
temperature response, respectively. The ECCS response is discussed in Section
6.3. Approximately five seconds after the 0.68 ftz break occurs, air, steam,
and water start to flow from the drywell to the suppression pool. The steam
is condensed and the air enters the containment free space. The continual
purging of drywell air to the containment results in a gradual pressurization
of both containment and drywell. Containment pressure continues to gradually

increase due to the long term suppression pool heatup.

The ECCS is initiated as a result of the C.68 ftz and provides emergency
cooling of the core. Operation of the ECCS is such that the reac*or is
depressurized in approximately 600 seconds, terminating the blowdown phase of

the transient.

In addition, the suppression pool temperature at the end of blowdown is the
same as that of the main steam line break because essentially the same amount
of primary system energy is released during the blowdown. After reactor
pressure vessel depressurization and reflood, water from the ECCS begins to
flow out the break. This flow condenses the drywell steam and eventually
causes the drywell and containment pressures to equalize in the same manner as

described for a main steam line break.

The subsequent long term suppression pool and containment heatup transient

that follows is essentially the same as for the main steam line break.

AT B A Small Size Breaks

0:2:%.1.3.3:5:1 Reactor System Blowdown Considerations

Ths section discusses the containment transient associated with small primary

system blowdowns. The sizes of primary system ruptures in this category are

those blowdowns that do not result in reactor pressure vessel depressurization
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due either to loss of reacior coolant or automatic operation of ECCS
equipment . Following the occurrence of a break of this size, it is assumed
that the reactor operators initiate an orderly plant shutdown and
depressurization of the reactor system. The thermodynamic process associated
with blowdown of primary system fluid is one of constant enthalpy. If the
primary system break is below the water level, blowdown flow consists of
reactor water. Blowdown from reactor pressure to drywell pressure results in
flashing of approximately one-third of the blowdown water to steam.
Two-thirds of the water remain liquid. Both phases are at saturation
conditions corresponding to the drywell pressure. Thus, if the drywell is at
atmospheric pressure, for “xample, the steam and liquid associated with a

liquid blowdown would be at a temperature of 212°F.

It the primary system rupture is so located that the blowdown flow consists
only of reactor steam, the resultant steam temperature in containment is
significantly higher than the teaperature associated with liquid blowdown.
This is because the constant enthalpy depressurization of high pressure,
saturated steam results in superheated conditions. For example, decompression
of saturated steam at 1,000 psia to atmospheric pressure results in
superheated steam at 298°F (86°F of superheat).

A small reactor steam leak resulting in superheated steam imposes the most
severe temperature conditions on the drywell structures and on the safety
equipment in the drywell. For larger steam line breaks, the superheat
temperature is nearly the same as for small breaks but the duration of the
high temperature conditic: is less for the larger break. This is a result of
the more rapid depressurization of the reactor pressure vessel through the

larger breaks. Depressurization is slower for the orderly shutdown assumed to
terminate the small break.

$:2.1,1.3.3.5.2 Containment Response

For drywell design considerations, the following sequence of events is assumed

to occur. With the reactor and containment operating under normal maximum

conditions, a small break occurs that allows h»lowdown of reactor steam to the
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drywell. The resulting pressure increase in the drywell leads to a high
drywell pressure signal that scrams the reactor and activates the containment
isolation system. Drywell pressure continues to increase at a rate dependent
upon the size of the steam leak. The pressure increase lowers the water level
in the annulus until the level begins to clear the vents. At this time, air
and water start to enter the suppression pool. The steam is condensed and the
air carries over to the containment free space. The air carryover results in
a gradual pressurization of the containment at a rate dependent upon the size
of the steam leak. Once all of the drywell air is carried over into the
containment, short term containment pressurization ceases and the system
re~ches an equlibrium condition. The drywell contains only superheated steam
and co.tinued blowdown of reactor steam is condensed in the suppression pool.
Suppressicn pool temperature continues to rise until the RHR heat exchanger

heat removal rate equals the decay heat release rate.

$:2.1.1.2.-3.5:3 Recovery Operations

The reactor operators are alerted to the small size break incident by the high
drywell pressure signal and reactor scram. For purposes of evaluating the
duration of the superheat condition in the dryw:11, it is assumed that the
response of the operators is to shut down the reactor in an orderly manner,
using the main condenser, while limiting the reactor cooldown rate to
100°F/he.  This results in depressurizat’ .n of the primary system within six
hours. At this time blowdown flow tr the drywell ceases and the superheat
condition is terminated. If the operators elect to cool down and depressurize
the primary system more rapidly than at 100°F/hr, the duration of the drywell

superheat condition 1s shorter.

s 363358 Drywell Design Temperature Considerations

For drywell design purposes it is a:sumed that there is a blowdown of reactor
steam for the six hour cooldown period. The corresponding design temperature

15 determined by finding the combination of primary system pressure and

drywell pressure that produces the maximum superheat temperature. The
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maximum drywell steam temperature occurs when the primary system is at
approximately 450 psig and the drywell pressure is maximum. Thus, for design
purposes, it is assumed that the drywell is at 15 psig. This results in
temperatures of 330°F for the first three hours ot the cooldown period, and
310°F for the next three hours.

6.2.1.1.3.4 Accident Analysis Models

0.2:1:1.3.4.1 Short Term Pressurization Model

The analytical models, assumptions, and methods used by GE to evaluate the
containment respons: during the reactor pressure vessel blowdown phase of a

LOCA are described in References 1 and 2.

8.2.3.%3.3.4.2 Long Term Cooling Model

Once the reactor prescure vessel blowdown phase of the LOCA is over, a fairly
simple model of the drywell and containment is used. During the long-term
post-blowdown transient, the RHR containment cooling system flow path is a
closed system and the suppression pool mass is constant. The cooling loop

model used for analysis is schematically illustrated by Figure 6.2-18.

The analytical models, assumptions, and methods used by GE to evaluate the
containment response during the long term cooling phase of a LOCA are

described in Reference 2.

$.2.13:.1:3.5 High Energy Line Rupture Inside Containment

Some primary system pipes are routed from the drywell through the containment
to the auxiliary building (main steam lines for example). If such pipes were
unguarded, rupture within containment would result in direct release of
primary system fluid to the containment atmosphere. The pressure suppression
features of the containment would thus be bypassed and the potential would

exist for a pipe rupture to produce significant containment pressures.



Because of the potential for cverpressurizing containment, all reactor coolant
pressure boundary pipes of a size which would result in containment
overpressurization and which pass through the containment except LPCI, HPCS,
and LPCS pipes, are provided with guard pipes that vent to the drywell. Thus,
in the event of rupture of a reactor coolant pressure boundary pipe, flow

passes through the suppression pool vent system and the steam is condensed.

sue LPCI, HPCS, and LPCS pipes have chech valves inboard of the drywell

penetration that prevent blowdown to the containment.

The traversing incore probe, control rod drive insert and withdraw, and
instrument lines could discharge primary coolant to the containment in the
event of a rupture. The unisolatable instrument line rupture results in the
maximum discharge of primary coolant to containment. This accident is
discussed in Chapter 15. Each instrument line includes a 1/4 inch diameter
flow restricting orifice to limit the containment pressure increase to values

well below the design pressure.

The major components of the reactor water cleanup system are located within
containment and system piping could also discharge primary coolant to the
containment in the event of rupture. The system suction line penetrates the
drywell and is provided with a guard pipe. System components located inside
containment are provided with break detection and isolation systems that limit

the total blowdown fluid flow to containment to acceptable values,

6.2.1.1.4 Negative Pressure Design Evaluation

§:2.1.1.4:1 Evaluation of Drywell Negative Differentia! Pressure

Following the blowdown phase of a LOCA, air initially contained in the drywell
has been purged to the containment and the drywell 1s fuil of steam. During
this period the ECCS is injecting cooling water from the suppreision pool into
the reactor pressure vessel. When the reactor pressure vessel is flooded to
the level of the break, water begins spilling into the drywell, condensing the

steam and causing rapid depressurization of the drywell. A bounding
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calculation of the peak drywell negative differential pressure is based upon

the following conservative assumptions:
a. All air has been purged out of the drywell.
b. Drywell vacuum breakers do not ovpen.

¢. The suppression pool is at peak short term (post blowdown) temperature,

as determined from Figure 6.2-12.

d. The containment is at suppression pool temperature and 100 percent

relative humidity.
e. Steam in the drywell is cooled to suppression pool temperature.

Using the above assumptions, the final drywell pressure is equal to saturation

pressure at 184°F or:
Pd = 8.2 psia

Based upon the initial conditions listed in Table 6.2-5, the initial air

masses in the ¢ 'well and containment are:

=
"

17,044 1bm

=
"

80,162 1bm

Using the assumptions in Items a. through e., above, the final containment
pressure for the purposes of determining the drywell negative differential
pressure is calculated as the summation of the partial pressures of air and

v.-ap()r:

Pc = 28.58 psia
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The vacuum breakers between the containment and drywell (Section
3.8.3) open to equalize the pressure of the containment and drywell.
During this pressure equalization period, a portion ot the
containment air is swept into the drywell through the drywell vacuum

breakers and remains there when the vacuum breakers clore.

The maximum amount of air drawn into the drywell from containment is
simply the difference between the amount of air in containment
during normal ~peration and the amount of air in containment after
the RWCU line isolation, assuming a slightly conservative relative

humidity of 100 percent.

Normal Operating Conditions RWCU Line Isolation
Pressure (psig) 0.0 5.0
Temperature (°F) 90.0 157.0
Relative Humidity (%) 50.0 100.0
Mass of air (1lbm) 82,200.0 78,100.0

The containment spray system is activated (due to operator error) at
a maximum flow rate of 10,500 gpm and a temperature of 60°F (minimum

suppression pool temperature).

The containment is depressurized as a result of steam being
condensed by the containment spray; the spray droplets are assumed
to have an efficiency of 100 percent. Three cases are considered in

si1zing the containment vacuum breaks:

(a) Conlensation rate including heat transfer structures with

initial temperature of BO°F.

(b) Condensation rate including heat transfer structures with

initial tempecature of 90°F.



(c) The effects of the internal surfaces on the condensation rate are

not considered. This is the limiting case.

The resulting pressure-temperature history within containment is

calculated using the digital computer code CONTEHPT(S).

' i Figures 6.2-19 and 6.2-20 present the results of the analyses for
Cases a and b, respectively. Curves are plotted on these figures
showing the containment vapor pressure and temperature, the total vapor
mass, and the surface temperature of the internal concrete and steel

liner as a function of time after RWCU isolation.
Figure 6.2-21 presents the results for Case c.

As indicated by comparing these three figures the net effect of
considering the internal surfaces is a lesser vacuum condition than
when the effects of the internal surfaces are not considered. The peak

vacuum calculated is 0.70 psig.

For the second case it is assumed that the containment depressurization is a
result of accidental initiation of the containment spray system during
normal plant operation. The conditions present in the containment at the

time of spray initiation are chosen to provide the most conservative

results:

Maximum temperature in contaimment during normal operation - 105°F

as Minimun relative humidity in containment during normal operation =30
percent.

3. Minimum spray water temperature - 60°F.

The source for the containment spray system water is the suppression
pool. The normal water temperature in the pool is 90°F or equal to the
normal operating temperature in the containment vessel outside the

drywell. The minimum temperature of 60°F for the suppression pool is
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based on the minimum ambient air temperature (6C°F) in the drywell and
containment vessel which could occur only under shutdown conditions.
As described in Section 9.4.6, the reactor building ventilation system
is designed to assure that the temperature of the containment
atmosphere never falls below 60°F.

Spray system flow rate - 10,500 gpm

During the evaporative cooling phase of the transient, the water drops
sprayed into the containment absorb heat from the containment
atmosphere and evaporate to contribute to saturating the containment
atmosphere. This process is generally very rapid for spray rates
typical of containment spray systems, and therefore, the time to
complete the evaporative cooling process is important to compare to the
vacuum breaker response time. In the calculations presented here the

following assumptions are made:

(a) Spray efficiency is 100 percent.

(b) All of the spray water entering the containment is immediately
vaporized and forms a homogeneous mixture with the containment
atmosphere. Because of this conservative assumption, no detailed
analytical heat/mass transfer modeling of the spray droplets is

required.

(c) No heat is transferred back into the containment atmosphere from

the structures during the transient.

(d) The mass flow through two 20-inch diameter containment vacuum
relief lines as a function of pressure differential is shown on
Figure 6.2-22.

The equations used in the analyses are derived from the conservation of
mass and energy and the equations of state of water and air. Utilizing

the above assumptions the equations can be written as:



(a) Conservation of mass:

d.ﬂ

at = mfg

dm

£ o e - g
dt

The assumption of instantaneous evaporation of the spray water
defines the following additional relationship:

mfg =m

and therefore,

def _ - B
dt - ms mfg = 0

(b) Conservation of energy:

From these equations it can be seen that the equation for the
conservation-of-energy includes the effect of evaporative

cooling. This equation is given as:

d [ma u + "g ug + m g uf] =m hf = mfg h{

For any addition of low enthalpy spray water, the heat required
for evaporation lowers the total energy (temperature) of the
vapor region, thereby lowering the partial pressure of the air
(constant mass with decreasing temperature) while increasing
the partial pressure of the vapor (result of increasing mass of

vapor being more dominant than decreasing temperature).

(c) Equation of state:



where:

= mass or air, lbm
= mass of liquid water, lbm

= mass of vapor, lom

8.8 B B
& ™ = &

= rate of spray water, lbm/sec

3.
—
“l

= rate of evaporation, lbm/sec

= internal energy of air, Btu/lbm

=

=
- e - D

= internal energy of liquid water, Btu/lbm
= internal energy of vapor, Btu/lbm
= enthalpy of spray water, Btu/lbm

= partial pressure of air, psi

= partial pressure of vapor, psi

= gas constant of air, ft-lbf/°R-lbm

e @ »

= gas constant of vapor, ft-lbf/°R-lbm

= temperature of the centainment atmosphere, °R

< = X V™ T e

= volume of the containment, ft3

The Hamming's modified predictor - corrector method is used to
obtain an approximate soluticn of the equations listed

(6)

above.

After the evaporative cooling phase of the analyses is complete, the
pressure - temperature history of the containment in the saturated

condition is calrulated utilizing the digital computer code
contempr, )

Figure 6.2-23 shows the pressure and tempcrature inside containment
as a function of time after start of the containment spray system.
As indicated on this curve the resulting peak vacuum calculated is

0.72 psig.

In addition, Figure 6.2-24 shows a curve of initial containment
temperature versus relative humidity which results in a peak
calculated vacuum of approximately 0.7 psig. This curve is used in

establishing plant technical specifications.
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As a result of these analyses, a value of 0.8 psi is selected as the desigu
wegative pressure differential between the outside atmosphere and containment

atmosphere (acting inward on the containment vessel).

The containment vacuum relief system is available for any postulated situation
requiring relief of a vacuum inside containment. This would include the rupture
of a RWCU line. For this event, the containment vacuum relief isolation valves
would initially be closed by high drywell pressure. After initiation of the
spray system (due to operator error), differential pressure switches in the
coptairment override the containment isolation signal and open the vacuum relief
isolation valves when the pressure in containment has decreased to 0.0 psig.

Section 7.3.1 gives details of the instrumentation and logic for this system.
0.2.1.1.4.2:) Vacuum Breaker Design

Two 24=inch nominal diameter vacuum relief lines are provided to obtain the
vacuum relief cross-sectional area required to prevent the negative pressure
inside containment from exceeding the design value of 0.8 psi during the
hypothetical situations presented in this section. Two additional 24-inch

nominal diameter vacuum relief lines are provided for redundancy.

Each vacvum relief line has a 24-inch nominal diameter, free swinging, simple
check valve inside containment. This check valve serves as both the vacuum
breaker device and the inner isolation valve ior the vacuum relief line. Outside
containment, ecach vacuum relief line has a 24-inch nominal diameter motor

upeisi=? butterfly valve to serve as the outer isolation valve.

A combinatior f any two vacuum relief lines provides a 10 percent margin between
the maximum calculated negative pressure and the design negative pressure. If
all four vacuum relief lines are assumed operabie (i.e., no failures) this margin
15 increased to B0 percent. These margins are considered satisfactory for the

following reasons:

. When a design negative pressure differential is selected and an A/ v k

ratio is calculated, si2ing of the vacuum breakers depends entirely upon
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the k value used. Precise, tested, k values are available from vacuum
relief valve manufacturers. In addition, a 10 percent margin on friction

losses is standard in sizing piping systems.

b. The hypothetical situations used in the analyses are very conservative ia
that they assume during each of the occurrences that the suppression pool
is at its minimum design temperature while the containment atmosphere is

at its peak temperature.

B4 k2.2 Testing and Inspection

Periodically, each check valve is exercised to ensure that it is in proper
working condition. For this purpose, each check valve has an air cylinder for
power vperated exercising. Testing and inspection of the containment
isclation function of the check valves and the outer isolation valves are

discussed in Sections 6.2.4.4 and €.2.1.6.

frdcd 1N 2:3 Instrumentation Applications

The vacuum breaker check valves are normally closed. They begin to open under
a pressure differential of 0.1 psid and close by gravity. The motor operated
outer isolation valves are controlled remote manually from the control room or
automatically, as discussed in Section 6.2.4 and Section 7.3.1 and are open
during normal plant operation. Position indicators on the vacuum breaker
check valves annunciate in the control room if any of these check valves stick
open during normal plaat operation. If this occurs, the outer isolation

valves are closed manually from the control room.

2113 Steam Bypass of the Suppression Pool

o o T Introduction

Itie concept of the pressure suppression reactor containment is that any steam

released from the primary system is condensed by the suppression pool and does

not have an opportunity to produce a significant pressurization effect on the
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containment. This is accomplished by channelirg the steam into the
suppression pool through a vent system. This arrangement forces steam
released from the primary system to be condensed in the suppression pool.
Should a leakage path exist between the drywell and containment, the leaking
steam would result in pressurization of the containment. To mitigate the
consequences of any steam bypassing the suppression puol, a high containment
pressure signal automatically initiates the containment spray system any time
after LOCA plus ten minutes. Realignment logic and interlocks affecting

operation of containment spray are discussed in Section 7.3.

Sections 6.2.1.1.5.2 through 6.2.1.1.5.5 present the results of calculations
performed to determine the allowable leakage capacity between the drywell and

containment .
. 2:2:3.5.2 Criteria

The allowable bypass leakage is defined as the amount of steam which could
bypass the suppression pool without exceeding the design containment pressure.
In calculating this value, a stratified atmnsphere model is used to ensure

conservatism.
& 2:1.0.5:3 Analysis

The allowable drywell leakage capacity has been evaluated for the complete
spectrum of credible primary system rupture areas. This leakage capacity is

expressed in terms of the parameter:

Y R
Where:

Flow area of leakage path, ftz.

> >
" "

Seometric and friction loss coefficient.
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The parameter A/ / K is dependent only upon the geometry of drywell leakage

paths and is a convenient numerical definition of the overall drywell leakage

capacity. It results from a consideration of the flow process in the leakage

paths. Assuming steady state, incompressible fluid flow theory to be

applicable to the leakage flow, the pressure loss between the drywell and

containment can be written 2s follows:

Where:

Pd = Drywell pressure, psia.

P = Containment pressure, psia.

K = Total loss coefficient of the flow path between the drywell and

containment. These losses include entrance, exit, discontinuities,

and friction. The latter is somewhat dependent upon the Reynolds

number of the fluid flow but, for drywell leakage considerations,

can be considered constant.

V = Velocity of flow, ft/sec.

g = Proportionality constant, ]bm-ft/lbf-secz.

v = Specific volume of fluid flowing in the leakage path, ft3/lbm.

2

It the leakage path tlow rate is m lbm/sec and the flow area is A ft , the

above equation can be rewritten to give:

o A V?'gc (Pd-Pc) (_\l,ioﬁ_\
r

K

Thus, for a given drywell to containment pressure differential, the leakage

flow (capacity) is dependent only upon A/ VGE
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8:.2.1.3.35:46 Bypass Capability with Containment Spray and Heat Sinks

An analysis has been performed which evaluates the bypass capability of _he
containment for small primary system breaks, considering containment <oray and

containment heat sinks as means for mitigating the effects of bypass leakage.

The flow rate of one containment spray loop is 5,250 gpm. This flow 1is
assumed to start not soomer than ten minutes after the accident. The
suppression pool water passes through the RIR heat exchanger and is injected
into the upper containment region. The spray rapidly condenses the stratified
steam and, therefore, creates a homogeneous air steam mixture in containment.
The available containment heat sinks, listed in Table 6.2-10, were considered
with variable convective heat transfer coefficients, based upon the local
instantaneous air-steam ratio. The cooldown rate was assumed to be 100°F/hr
and the maximum design service water temperature (see Table 6.2-3) was used.
The cooldown rate corresponds to the maximum rate which does not thermally
cycle the reactor pressure vessel. This analysis results in an allowable
drywell leakage capability of A/VK of 1.68 fLZ. The corresponding pressure

transient is illustrated by Figure 6.2-25.
Assumptions for allowable bybass calculations using heat sinks are as follows:

a. Following occurreance of a pipe line break within the drywell, the air is

purged through the vents into containment.

b. Prior to containment spray operation, the bypassed steam is assumed to

stratify in the upper containment,
18 Air in containment is compressed by incoming steam.

d. Containment spray is activated 180 seconds after containment pressure

reaches 9 psig or at LOCA plus 13 minutes, whichever occurs later.
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e. Efficiency of containment spray is baced upon the local steam to air

ratic.

s Following spray activation, the air and steam in containment become
mixed,

g. Heat is transferred to exposed concrete 2nd steel containment. The

Uchida convective heat transfer coefficients used are based upon the

local steam to air ratio.

h. No energy is assumed to leave the containment, except through the RHR

heat exchanger.

The following analysis provides an illustration of the methods used to
calculate steam condensing capability under typical post LOCA conditions. The

condensation capability is calculated using the following equation:

' el W
Hc - Hs H C
fg v
Where:
X = Steam condensation rate, lbm/sec.
e
Moo= Spray flow rate, lbm/sec (degraded flow of one RHR pump).
S
Nq = Spray efticiency.
Tc = Containment temperature, °F.
T . * Spray temperature at the nozzles, °F.
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Hey

Latent heat of vaporization, Btu/lbm

"

c

" Constant pressure specific heat of water, Btu/°F-lbm.

The spray water temperature i1s calculated from:

T =1 - KX p sw
5 p M Cp
s
Where:
Tp = Suppression pool temperature, °F.
KHX = Heat exchange effectiveness, Btu/sec - °F (degraded).
Tsw = Service wat r temperature, °F.

Containment spray has a significant effect on the allowable bypass capacity.
Use of spray increases the maximum allowable bypass rate by an order of

magnitude and represents an effective backup means of condensing bypass steam.

A study of potential cracking of the reinforced concrete drywell due to
shrinkage, thermal gradients, seismic events, small breaks and LOCA, and
combinations of these has been performed. Reference 4, a report of this
study, indicates no significant cracking of the drywell walls. In addition, a
1/4 inch thick inherently leak-tight steel liner is provided on the inside
face of the drywell wall (see Section 3.8.3 for further discussion). Also,
the Perry drywell is steel - plate lined, assuring negligible bypass leakage
through the drywell concrete to the containment.

£:,2:1.1:6 Suppression Pool Dynamic Loads

Following a design basis LOCA in the drywell, the drywell atmosphere is
rapidly compressed due to blowdown mass and energy addition to the drywell
volume. This compression is transmitted to the water in the weir annulus in
the form of a compressive wave which propagates through the horizontal vent

system into the suppression pool.
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Upon pressurization of the drywell, water in the weir annulus is depressed and
forced out through the horizontal vent system into the suppression pool. This
movement of pool water can result in a vent clearing reaction force on the weir

wall and a water jet impingement force on the containment wall.

Following vent clearing, the air-steam-water mixture flows from the drywell
through the vents and is injected into the suppression pool. A vent flow
reaction load is imparted to the weir wall and a vent flow differential pressure

loads the drywell wall.

During vent flow the steam component of the flow mixture condenses in the
suppression pool while the air, since it is noncondensible, is released to the
suppression pool in the form of high pressure air bubbles. Initial air bubble

loads are experienced by all suppression pool retaining and submerged structures.

The continued addition and expansion of air within the suppression pool causes
pool volume to swell resulting in acceleration of the pool surface vertically
upward. This response of the suppression pool is referred to as bulk pool swell
since the air is confined beneath the pool and is driving a solid ligament of
water. Bulk pool swell air bubble and flow drag loads are imparted to the
drywell and containment walls and to structures, components, etc., which may be
located at low elevations above the normal pool surface. Bulk pool swell impact

loads also result for low elevetion structures and components.

Due to the effects of buoyancy, air bubbles rise faster than the suppression pool
water mass and eventu.ily break through the swollen surface and relieve the
driving force beneath the pool. This breakup of the water ligament leads to the
upward expulsion of a two-phase mixture of air and water and is referred to as
pool swell in the froth mode. Structures which are located at higher elevations
above the initial pool surface, i.e., the hydraulic control unit (HCU) floors,

experience a pool swell froth impingment load due to impact of two phase flow.
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In the annular region between the drywell and containment walls where pool swell
occurs, a flow restriction exists at the HCU floor level, 27'-2" above the normal
pool surface. The volume between the normal suppression pool surface and the HCU
level is referred to as the wetwell. During pool swell in the froth mode,
passage of the air-water mixture through this restriction generates a two-phase
flow pressure drop and produces a wetwell pressurization load on the HCU floors.
Froth flow continues until the fluid kinetic energy is expended, followed by
fallback of the water to the initial suppression pool level. Water fallback
loads are experienced by all previously mentioned structures and equipment in the

wetwel l .

" llowing the initial pool swell event, the suppression system settles into a
generally coherent phase during which vent flow rates are maintained from the
drywell to the suppression pool. A resultant effect is the occurrence of vent
flow steam condensation loads on pool retaining structures. As the reactor
coolant system inventory of mass and energy is depleted near the end of blowdown,
venting rates to the suppression pool diminish, allowing recovering of each row
of horizontal vents. During phases of low vent mass flux, the suppression system
behaves in an oscillatory manner, referred to as chugging. This periodic
clearing and subsequent recovering of vents occurs since the vent flow cannot
sustain bulk steam condensation at the vent exit. The resultant local
fluctuations in pressure and water level generate chugging oscillation loads,

predominantiy on the drywell and weir wall.

Pool dynamic loading associated with relief valve operations has been identified
in addition to loading associated with the design basis LOCA. Pressure waves are
generated within the suppression pool when, upon first opening, relief valves
discharge air and steam into the pool water. This phenomenon yields steam vent
clearing loads which are imparted to pool retaining and submerged structures.

The design basis loads for the containment system due to pool swell and

safety/relief valve actuation discussed in Appendix 3A.
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6.2.1.1.7 Containment Enviromment Control

The functional capability of the normal containment ventilation system to
maintain the temperature, pressure, and humidity in the containment and
subcompartments within prescribed limits (maximum allowable containment

conditions) are discussed in Section 9.4.6.
©.3.2:1.8 Post Accident Monitoring

The containment atmosphere monitoring system provides highly reliable
instrumentation for detecting and possibly predicting abnormal occurreaces 1in
containment and for monitoring following postulated accidents. Temperature and
pressure sensors are furnished throughout the containment ana drywell and are
equipped with adjustable alarm features. Instrumentation channels are of high
quality and accuracy so that precise monicoring information is available to the
operator. The suppression pool is similarly instrumented for purposes of

temperature monitoring.

Monitoring system components are considered to be safety related and are
qualified in accordance with IEEE Standards 323(7) and 346(8). Redundant
channels are provided and independence is maintained in accordance with the
criteria of [EEE Standards 279(9) and 384(10). Redundant Train A and Train B

components are used.

Precision trip/calibration units continuously monitor each channel to ensure

accurate alarming and inplace calibration at any time.

Recording of all containment atmosphere monitoring safety related channels is

accomplished at the post accident monitoring panel in the control room.

Further details concerning the containment atmosphere monitoring system are

presented 1in Section 7.6.
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Reactor Water Cleanup Rooms Pressurization

Four reactor water cleanup rooms, listed below, were analyzed:

Heat exchanger room.

3 Filter demineralizer valve room.
s 8 Fiiter demineralizer room.

4, Drain valve nest room.

Plan and elevation drawings of the above rooms are provided by Figure
6.2-27.

Blowout panels are incorporated into the design of each of these rooms.
Characteristics of these blowout panels are listed in Table 6.2-11. The
blowout panels each consist of segmented vertical units 10 inches wide.
The weight per unit area wac selected so that the effect on the dynamic
pressurization of the compartment is minimized. The specified blowout
pressure was also chosen to minimize the effect on pressurization time

history.

None of the segme: s constituting the blowout panels become missiles
which could jeopardize the safety of significant components since
retaining cables are attached to each segment and are securely anchored
to the adjacent structure. To assure that the presence of the segments
does not retard the depressurizat..- of the rooms by blocking the vent

flow pata, all anchor cables are attached at the bottoms of the openings.

Steam Tunnel Pressurization

The steam tunnel was analyzed for the same break as were the reactor
water cleanup rooms. This break was used since the main steam lines are
enclosed in guard pipes inside containment. Plan and elevation drawings
showing the steam tunnel and the l reak location are provided by Figure
6.2=217.
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§.2.1.2.2.2 Subcompartment Volumes

Volumes of the subcompartments are discussed in Section 6.2.1.2.3.
©.2:3.2.2.3 Vent Areas

Vent areas are discussed in Section 6.2.1.2.3.

©:2.%3.2:3 Design Evaluation

The computer code COHPARE(II)

the analysis of the reactor annulus. The computer code RELAP&/HOD3(l2) was used

was used in all subcompartment analyses, except for

in the analysis of the reactor annulus.
Initial conditions, along with modal volumes, calculated peak pressure
differentials and design pressure differentials, are presented by Tables 6.2-12
through 6.2-16.
Description and justification of flow models using the COMPARE computer code are
provided in Reference 11. The reactor annulus description and justi.ication is
the compressible flow model as described in Reference 12.
Descriptions of break locations are presented in Section 3.6 and below:
a. Reactor Annulus

Two breaks were considered as follows:

1. The recirculation suction line break is assumed to occur at the nozzle

of the reactor pressure vessel. A flow diverter is constructed around

the recirculation line as shown by Figure 6.2-28. This limits the

amount of fluid discharged from the nozzle into the reactor annulus.
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2. The feedwater line break is a guillotine break which occurs in the

reactor annulus area.

Drywell Head Region

The break in the six inch RCIC spray line is at the top of the reactor

pressure vessel where the line enters the vessel.

Reactor Water Cleanup Rooms

All four reactor water cleanup rooms were conservatively analyzed using
the blowdown flow for the same break. The six inch to four inch junction
in the RWCU line is the assumed rupture point.

Steam Tunnel

The break used in the steam tunnel analysis is the same as that used for

the reactor water cleanup rooms.

Nodalization information is as follows:

b.

Reactor Annulus

W A diagram for the recirculation suction line break is provided by

Figure 6.2-29. Node 25 is the blowdown node; node 50, containment.

2. Figure 6.2-30 presents a diagram for the feedwater line break.

Node 29 is the blowdown node; node 50, centainment.

Drywell Head Region

The drywell head region model is a two node model. Node 1 is the head
region and node 2 is the drywell.
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& Reactor Water Cleanup Rooms

Four reactor water cleanup rooms are modeled as follows:

I The heat exchanger room is modeled using three nodes: the heat

exchanger room, corridor and containment.

2 The filter demineralizer valve room is modeled using three nodes:

the filter demineralizer valve room, corridor and containment.

3. The filter demineralizer room model is a two node model: the filter

demineralizer room and containment.

4. The drain valve nest room is modeled using three nodes: the drain

valve nest room, corridor and containment.

d. Steam Tunnel

The steam tunnel model is a two node model: node 1 is the steam tunnel,

node 2 1s thne containment.

Graphs of pressure differential with respect to time are provided for the

subcompartments by the figures indicated:

a. Reactor annulus:

T Recirculation suction line break, Figures 6.2-31 through 6.2-37.

2. Feedwater line break, Figures 6.2-38 through 6.2-45.

b. Drywell head region, Figure 6.2-46.

C. Reactor water cleanup r oms, Figures 6.2-47 through 6.2-50.

d. Steam tunnet, Figure 6.2-51.
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Mass and energy releases used in the analyses are presented in the tahles

indicated or as stated below:
a. Reactor annulus:
ki Recirculation suction line break, Table 6.2-17.
- Feedwater line break, Table 6.2-18.
b. Drywell head region: flow rate, 390 1b/sec; enthalpy, 1190 Btu/lb.
s Reactor water cleanup rooms, Table 6.2-19.
d. Steam tunnel: flow rate, 390 lb/sec; enthalpy, 1190 Btu/lb.
Vent loss coefficients for critical flow for the reactor annv!us used a factor
of 0.6. The K factor was calculated by methods described in Reference 3.
Vent loss coefficients for the drywell head region, reactor water cleanup
rooms, and steam tunnel were calculated using the computer code COMPARE. Head
and friction losses were calculated by methods described in Reference 3.

Tables 6.2-20 through 6.2-24 provide flow path information.

6.2.1.3 Mass and Energy Release Analyses for Postulated Loss of Coolant
Accident

This section presents information concerning the transient energy release
rates from the reactor primary system to the containment system following a
LOCA. Where the emergency core cooling systems enter into the determination
of energy released to the containment, the single failu-e criteria have been

applied to maximize the release.
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&.2.1.3.1 Mass and Energy Release Data

Table 6.2-25 provides the mass and enthalpy release data for the recirculation
line break. Blowdown steam and liquid flow rates approach zero in
approximately 391 seconds and do not change significantly during the remainder
of the 24-hour period following the accident. Figure 6.2-52 shows the
blowdown flow rates for the recirculation line break. These data were used in
the containment pressure-temperature transient analyses discussed in Section
6.2:1:1.3:3.1.

Table 6.2-26 provides the mass and enthalpy release data for the main steam
line break. Blowdown steam and liquid flow rates approach zero in
approximately 417 seconds and do not change significantly during the remainder
of the 24-hour period following the accident. Figure 6.2-53 shows the reactor
pressure vessel blowdown flow rates for the main steam line break as a
function of time after the postulated rupture. This information was used in

the containment response analyses discussed in Section 6.2.1.1.3.3.2.
D:.d:3:2 Energy Sources

Reactor coolant system conditions prior to the line break are listed in Tables
6.2-4 and 6.2-5. Reactor blowdown calculations for containment response

analyses are based upon these conditions during a LOCA.

The energy released to containment during a LOCA is comprised of the

following:

i Stored energy in the reactor system.

b. Energy generated by fission product decay.

C. Energy from fuel relaxation.

d. Sensible energy stored in reactor structures.
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e. Energy being added by the ECCS pumps.

P Metal-water reaction energy.

All of the above energies, except pump heat energy, are discussed or
referenced in this section. The pump heat rate used in evaluating the
containment response to the LOCA is selected as an input of 5,267 Btu/sec to
the system with all ECCS equipment operating and 3,393 Btu/sec for minimum
ECCS equipment operating. The pump heat rate is added to the decay heat rate

for inclusion in the analysis.

Following each postulated accident event, the stored energy in the reactor
system and the energy generated by fission product decay is released. The
rate of release of core decay heat for t!= evaluatisn of the containment

response to a LOCA is presented by Table 6.2-27 as a function of time after

accident initiation.

Following a LOCA, the sensible energy stored in the reactor primary system
metal is transferred to the recirculating ECCS water, and thus, contributes to
suppression pool and containment heatup. Figure 6.2-54 shows the variation of
the sensible heat content of the reactor pressure vessel and internal
structures during a main steam line break accident, based upon the temperature

transient responses,

0:2. 1,33 Reactor Blowdown Model Description

The reactor primary system blowdown flow rates were evaluated using the model

described in Reference 1.

6. 2134 Effects of Metal-Water Reaction

The containment systems are designed to accommodate the effects of metal-water
reactions and other chemical reactions which may occur following a LOCA. The

amount of metal water reaction which can be accommodated is consistent with

the performance objectives of the ECCS. Section 6.2.5.3 provides a discussion
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of the generation of hydrogen within containment by metal-water reaction. In
evaluating the containment response, 13,439 Btu/sec of heat from metal-water
reaction is included for the first 120 seconds. The containment response is
insensitive to the reaction time, even for the extremely conservative case where

all the energy is included prior to the occurence of peak drywell pressure.
G.2:%.3.3 Thermal Hydraulic Data for Reactor Analysis

Sufficient data to perform thermodynamic evaluations of the containment have been

provided in Section 6.2.1.1.3.3 and associated tables, in particular Table 6.2-5.

6.2.1.4 Mass and Energy Release Analysis for Postulated Secondary System

Pipe Ruptures Inside Containment (PWR)

This section is not applicable to PNPP.

6.2.1.5 Minimum Containment Pressure Analysis for Performance Capability

Studies on Emergency Core Cooling System (PWR)

This section is not applicable to PNPP.

6.2.1.6 Testing and Inspection

Containment testing and inspection requirements are discussed in Sections 3.8.1,
3.8.2, 3.8.3 and 6.2.6. No other special tests of either the drywell or
containment structure are planned. Testing and inspection of other engineered
safety features inside containment that interface with the containment structures

are discussed in those sections which address the specific systems.

6.2.1.7 Instrumentacion Requirements

The containment atmosphere monitoring system provides the operator with precise
alarming, indicating, and recording of the drywell and containment atmospheric

conditions and suppression pool temperature before, during, and after a design

basis accident. Additional details concerning the containment atmosphere

monitoring system are provided in Section 7.6.
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d. The system maintains operation during those environmental conditions imposed
by the LOCA.
e. Each active component of the system is testzble during normal operation of

the nuclear power plant.

6.2.2.2 System Design

The containment heat removal system is an integral part of the RHR system. Water
is drawn from the suppression pool, pumped through one or both RHR heat
exchangers and delivered to the suppression pool or to the containment spray
header. The return flow penetrates containment through 18 inch lines at
elevation 603'-6" which is 10'-2" above normal water level. After penetrating
containment, the return line descends vertically to elevation 588'-6" where it
turns and discharges horizontally into the pool. Physical model testing of the
suction and discharge arrangement was performed to assure adequate mixing of the
return water with the total suppression pool inventory. Plan and section views

are shown on Figures 6.2.-55 and 6.2-56.

Water from the emergency service water system is pumped through the heat
exchanger tube side to exchange heat with the processed water. Two cooling loops
are provided; each being mechanically and electrically separate from the other to
achieve redundancy. A process and instrumentation diagram is provided in

Section 5.4. The process diagram, including the process data, is provided in

Section 5.4 for all design operating modes and conditions.

All portions of the containment heat removal system are designed to withstand
operating loads and loads resulting from natural phenomena. All operating
components can be tested during normal plant operation so that reliability can be

assured. Construction codes and standards are discussed in Section 5.4.7.

The containment spray subsystem is started manually or automatically. The LPCI
mode is automatically initiated from ECCS signals and the RHR system realigned
for containment cooling by the plant operator after the reactor vessel water

level has been recovered (Section 6.2.1); the RHR pumps are operating.
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Containment cooling is initiated in loop A or B by manually starting the
emergency service water pump, closing the heat exchanger bypass valve, opening
the service water valve at the heat exchangers, closing the LPCI injection valve

and opening the pool return valve.

If a single failure occurred and the action which the plant operator is taking
does not result in system initiation, then the operator will place the other
totally redundant system into operation by following the same initiation
procedure. If the operator chooses to utilize the containment spray, he must
close the LPCl injection valves and open the spray valves. The containment spray
mode is also initiated automatically on high containment pressure, with an
interlock to delay initiation until ten minutes after a high drywell pressure
signal. Autumatic initiation is provided to protect the containment in the event

of suppression pool bypass leakage as is described in Section 6.2.1.1.5.4.

Preoperational tests are performed to verify individual component operation,
individual logic element operation, and system operation up to the containment
spray header. A sample of the nozzles are bench tested for flow rate versus
pressure drop to evaluate the original hydraulic calculations. Finally, the
headers are tested by air and visually inspected to verify that all nozzles are
clear. Refer to Section 5.4.7.4 for further discussion of preoperational

testing.

Each ECCS pump takes suction directly from the suppression pool which does not
have a sump. To prevent foreign objects in the suppression pool from entering
the ECCS flow path, strainers are located on the ECCS suction lines in the

suppression pool.

The suction piping strainers from the suppression pool are specified with

0.070 inch mesh openings capable of screening all foreign particles which are of
sufficient size to clog the containment spray nozzles, which have 3/8 inch
orifices. The total strainer area is selected so that in the event the strainer
becomes 50 percent plugged, the minimum required NPSH is still provided to the
RHR pumps during LPCI and suppression pool cooling modes. The large strainer
area also results in low approach velocity to the strainer of approximately

1.0 ft/sec at a design rated flow of 8,500 gpm.
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The strainers are conically shaped and are constructed from stainless steel plate
with 0.070 inch openings. With the horizontal orientation of the strainers, the
centerline distance from the strainer to the suppression pool floor is

approximately 3'-9".

The mechanism for transport of any insulation from the drywell into the
containment suppression pool following an accident involves a series of unlikely

occurrences, as discussed below.

The following types of insulation are used for piping and equipment within the

containment :

a. Metal-reflective insulation for the reactor pressure vessel.

b. Metal-jacketed fiberglass blanket (Nu"K"on) for all hot piping and
equipment .

Metal-reflective insulation is installed in sections with overlapping edges and

quick release latches with keepers.

Metallic jacketed fiberglass blanket insulation is installed in two-foot sections
with VELCRO fasteners on the longitudinal seam for ease of installation and
removal. The blanket is jacketed with a separate stainless steel sheath

combining quick release latches and closure handles.

[f a postulated pipe break (LOCA) occurs, some insulation in the immediate
vicinity of the break could possibly be removed by direct jet impingement. Only
sections in the immediate vicinity of the break would likely be affected. The
metal jacket minimizes the possibility of the non-metallic insulation breaking up
and becoming transportable debris. Any metal components removed would likely
fall to the drywell floor or weir annulus floor and remain there throughout the

accident .
[f any insulation breaks away from the piping or equipment, the insulation would

most probably fall to the drywell floor. The surface area of the weir annulus is

very small when compared to tbe area of the drywell and only a small percentage,
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if any, of the insulation would enter the weir annulus. If any insulation that
falls to the drywell floor floats when the water level rises in the lower drywell
region, the weir wall will act as a skim to prevent the insulation from entering
the weir annulus. Entrance of insulation into the weir annulus is also partially
restricted by the main steam relief valve discharge piping (uninsulated) in the

vicinity.

The velocity of water down through the weir annulus and out through the
horizontal vents is less than 0.2 ft/sec. Therefore, most of the metal jacketed
insulation that might enter the weir annulus will sink to the floor of the
annulus and remain there throughout the accident. If amy part of the insulation
entering the annulus were to float, it is very unlikely that the insulation would

be drawn downward and out through the vents by the ECCS suction lines.

As previously outlined, the probability of tramsporting insulation into the
suppression pool is extremely low. If any insulation were to become entrained in
the flow through the horizontal vents (at a flow velocity of less than

0.2 ft/sec), the irsulation would float to the surface of the pool or sink to the
floor of the pool as the insulation exits from the vents. The insulatior would
not be close to the suction strainers since the ECCS suction strainers are
located about 19 to 20 feet out from the drywell wall, about 10 feet below the
post LOCA pool level, and about 4 feet above the suppression pool floor. Since
the inlet design velocity through the strainer is only 1.0 ft/sec, the
possibility for any insulation to migrate toward the strainers and cause clogging

is virtually nonexistent.

A complete DBA analysis of the interaction of the Nu"K"on insulation with the

ECCS systems is presented in Owens-Corning Topical Report OCF-1.

6.2.2.3 Design Evaluation

In “he event of the postulated LOCA, the short-term energy release from the
reactor primary system will b dumped to the suppression pool. This will cause a
pool temperature rise of approximately 45°F. Subsequent to the accident, fission

product decay heat will result in a continuing energy input to the pool. The
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containment cooling system will remove this energy which is released into the
primary containment system, thus resulting in acceptable suppression pool

temperatures and containment pressures.

To evaluate the adequacy of the RHR system, the following sequence of events is

assumed to occur:

a. The reactor initially operating at 102 percent of rated power, a LOCA
occurs.
b. A loss of offsite power occurs and one emergency diesel fails to start and

remains out of service during the entire transieant. This is the worst

single failure.

i Only three ECCS pumps are activated and operated as a4 result of item b.,
above.
d. After 30 minutes the plant operators activate one RHR heat exchanger in

order to start containment heat removal. Once containment cooling has been

established, no further operator actions are required.

NPSH requirements of Regulatory Guide 1.1 are found in Section 6.3.2.2.

B.2.2:3:1 Summary of Containment Cooling Analysis

When calculating the long-term, post LOCA pool temperature transient, it is
assumed that the initial suppression pool temperature and the emergency service
waler temperature are at their maximum values. This assumption maximizes the
heat sink temperature to which the containment heat is rejected and thus
maximizes the containment temperature. In addition, the RHR heat exchanger is
assumed to be in a fully fouled condition at the time the accident occurs. This
conservatively minimizes the heat exchanger heat removal capacity. The resultant
suppression pool temperature transient is described in Section 6.2.1.1.3.3.1 and
15 shown in Figures 6.2-7 and 6.2-8. Even with the degraded conditions outlined
above, the maximum temperature is only 174°F, which is below the design limit

specified in Section 6.2.2.1.
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It should be noted that when evaluating this long-term suppression pool
transient, all heat sources in the containment are considered with no credit
taken for any heat losses other than through the FHR heat exchanger. These heat
sources are discussed in Section 6.2.1.3. Figure 6.2-9 shows the actual heat

removal rate of the RHR heat exchanger.
The conservative evaluation procedure described above clearly demonstrates that
the RHR system in the suppression pool cooling mode limits the post-LOCA

containment temperature transient.

6.2.2.4 Tests and Inspections

The preoperational test program of the containment cooling system is described in

Section 6.2.2.2. Operational testing is discussed in Section 5.4.7.4.

6.2.2,5 Instrumentation Requirements

The details of the instrumentation ar. provided in Section 7.3. The suppression

pool cooling mode of the RHR system is manually initiated from the control room.
6.2.3 SECONDARY CONTAINMENT FUNCTIONAL DESIGN
%.2.3.1 Design Bases

The secondary containment system includes the shield building and the annulus
exhaust gas treatment system (AEGTS). Details of the AEGTS are given in
Section 6.5.3. The following are the design bases for the shield building:

a. The shield building is designed to collect the fission product leakage
during and following a postulated design basis accident from the primary
containment and delay it until it can be released to the environs after
processing through the annulus exhaust gas treatment system such that the
resultant offsite doses are less than the values set forth in 10 CFR 100 and
10 CFR 50, General Design Criterion 19.

6.2-55



The shield building is designed to withstand the peak transient pressures
and temperatures which could occur due to the postulated design basis

accident.
The shield building is designed as a Seismic Category | structure.
The shield building is maintained at a slight negative pressure relative to

atmospheric pressure (approximately 0.40 inch water gage) so any leakage

through the shield building or the containment vessel is into this space.

e The design loads on the shield building are discussed in Section 3.8.1.

f. The leak tightness of the shield building is continually verified by
maintaining the annulus at a vacuum of 0.40 inch water gage. This
constitutes a continuous testing program. Inspection of the secondary
containment structure will not be necessary as long as a vacuum can be

maintained through normal operation of plant equipment.

6.2.3.2 System Design

The shield building is a cylindrical reinforce! concrete structure with a

spherical dome enclosing the containment vessel. The internal diameter is

130 feet and the outside diameter is 136 feet. There is an annulus width of five

teet between the containment vessel and the inside of the shield building.
Figures 3.8-53 through 3.8+-63 show plan and elevation views of the shield
building.

There are two doors allowing access to the annulus area, both of which are
normally locked. They are provided with position indicators and alarms which

annunciate in the control room.

A tabulation of the design and performance data for the shield building is
provided in Table 6.2-28.
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The performance objective of the shield building is to collect and retain any
fission product leakage from the containment vessel during and fo'l wing a design
basis accident and in conjunction with the annulus exhaust gas treatment system
process and release the fission products to the environs in a controlled manner.
This release is accomplished such that the resultant offsite doses to the general
public are within the values given in 10 CFR 100 and the doses to the control
room operators are within the values given in 10 CFR 50, General Design

Criterion 19.

The principal construction codes, standards, and guides used in the design of the

shield building are described in Section 3.8.1.

In order to minimize the amount of radioactive material that leaks to the
secondary containment following a design basis accident, all primary containment
penetrations are provided with redundant, ASME Code, Section III, Class 2,
Seismic Category | isolation valves, one inside of the primary containment and
one outside of the shield building. The section of pipe between the two
containment isolation valves is also ASME Code, Section III, Class 2. This
1solation valve arrangement functions to prevent "through-line" leakage because
in the event of any single failure, no through-line leakage beyond the AEGTS is
possible. The containment isolation system is discussed in Section 6.2.4. The

containment and reactor vessel isolation control system is discussed in Section
3. 1.

The containment boundary and all penetrations except for penetrations with guard
pipes terminate in the annulus. Therefore, containment sht~11 le:xage and
penetration leakage are considered to be totally directed te the annulus. The
sources listed in Table 6.2-33 are a summary of potential leakage paths that
could bypass the AEGTS. The containment design basis accident leakage is

0.2 percent by weight of the contained atmosphere in 24 hours. The maximum test
leakage rate permitted from the sources listed in Table 6.2-33 is 3 percent of
the total containment leakage. This value will be the technical specification
commitment for leakage bypassing the AEGTS as listed in technical specifications.
In order to verify that the total amount of potential bypass leakage will be
within this limit, a testing and evaluation program will be conducted on isolation

valves, personnel airlocks and guard pipes as described in Section 6.2.4.3.1.
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6.2.3.3 Design Evaluation

All high energy lines which penetrate the containment wall and the shield wall
are protected by guard pipes, with the exception of the control rod drive
hydraulic supply. GSee Table 6.2-33. The CRD supply is a 2-1/2 inch water line

with a normal operating pressure of 1,850 psi.

The justifying logic allowing postulation of pipe rupture locations in other high
energy lines penetrating the containment which require guard pipe protection does
not apply to this line. Guard pipes are used where the energy release rate of
the postulated accident is such that the resulting pressurization must be
confined to the drywell rather than allowed to pressurize the containment volume
directly. The energy release rate of an 1,850 psi fluid at a maximum of 140°F
does not require that it be diverted from either the contaioment volume or from
the annulus volume. Release of cuch a fluid within the containment volume will
not prevent the AEGTS from performing its function, since pressurization of the

volume does not result.

In the case of high energy lines whose postulated rupture would jeopardize
containment design pressure capacity, the pipe break location criteria in MEB 3-1
were suspended and additional breaks postulated which could pose a hazard. Since
the consequences of a 2-1/2 inch CRD line rupture are not significant with
respect to hazard, the criteria of MEB 3-1 apply and no rupture is postulated to
occur within the penetration. Due to line size being under 4 inches nominal, no

longitudinal splits are considered to occur but circumferential ruptures only.

The postulation of a rupture in the 2-1/2 inch line at eithe: end of the
penetration will not jeopardize the integrity of the penetraticn. A break inside
the containment structure will only load the penetration axially. Any break
outside of the shield bui'ding will not load the penetration at all since no flow

issues from the containment side of such a rupture, but from the pump side only.
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An analysis of the préessure response profile in the shield building annulus
following the design basis was performed using a modified version of the
cONTEMPT'®) Computer Code.

The following methods and assumptions were used in calculating the pressure

response:;

a. During a LOCA, the containment vessel will expand. It is included in the
analysis by assuming that the volume expansion takes place linearly as a
function of time until it reaches the maximum value corresponding to the
time of the maximum containment temperature during the accident as shown in
Figure 6.2-8.

b. The annulus exhaust fan is conservatively assumed to purge at a rate of

600 c¢fm to the environment .

& The containment vessel and shield building were the only heat conducting
structures considered in the analysis. Conservative valves are summarized

as follows:

Surfacs Area Thickness
Description Material _ () (ft)
Containment Vessel Carbon Steel 73,000 0.0833
Shield Building Concrete 73,000 3.00
d. The total heat transfer coefficient was assumed to be the same on both faces

of the containment vessel and is given as the suin of the convective film

coefficient and the radiation coefficient.

{n the case of the inside film coefficient, it was conservatively assumed
that the containment atmosphere temperature is as given in Figure 6.2-8 and
the 2ontainment vessel temperature was 90°F. For the outside film

coefficient it was conservatively assumed that the containment vessel



temperature equals the containment atmosphere temperature and the annulus
air temperature was J90°F. These assumptions result in the maximum

coefficients in both cases.

The convective film coefficient is given by (Reference 13):

h. =0.3 jAT
where:

hc = convective film coefficient, Btu/hr/ft2/°F
and AT = temperature difference, °F

The resultant convective film coefficients are given in Table 6.2-29.

The radiation coefficient is given by (Reference 13):

h = radiation coefficient, BLu/hr/fL2/°F

emissivity of steel = 0.7

™
-
"

"

emissivity of air = 1.0

6 = Stephan-Boltzman constant, .174 x 10.8 Btu/hr/it2/°R‘

-3
"

higher temperature, °F
T, = lower temperature, °F

S = shape factor = 1.0
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The radiation coeff.cients are given in Table 6.2-30 and assume the same

relative temperatures used in calculating the convective film coefficient.

The overall heat transfer coefficient as a function of time is shown in
Table 6.2-31.

For the purposes of calculating the annulus pressure response, a heat
transfer coefficient of 2.0 Btu/hr/f12/°F was conservatively assumed for the

duration of the accident.

e. A schematic diagram of the model input into CONTEMPT is presented in
Figure 6.2-57.

The results of the annulus pressure response are presented in Figures 6.2-58 and
6.2-59. As shown on these figures the annulus exhaust fans are more than

adequate to maintain negative pressure in the annulus following a DBA-LOCA.

6.2.3.4 Tests and Inspections

The program for test and inspection of the ¢)ntainment isolation system is
described in detail in Sections 6.2.4 and 6.2.6. The program for the annulus

exhaust gas treatment system is described in Section 6.5.3.

$.2:.3.9 Instrumentation Requirements

Design details and logic of the instrumentation for the AEGTS are given in
Section 7.3.1.

6.2.4 CONTAINMENT ISOLATION SYSTEM
6.2.4.1 Design Bases

The design objective for the containment isolatinn systems is to allow normal or
emergency passage of fluids through the containment boundary while preserving the

ability of the boundary to prevent or limit the escape of fission products that
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may result from postulated accidents so that site boundary dose guidelines
specified by 10 CFR 100 are not exceeded. This objective is achieved by
provisions for automatic isolation of appropriate lines that penetrate the

containmenc boundary.

The containment isolation systems are automatically actuated by the following

signals:

Low reactor pressure vessel water level (two setpoints).

L=l

High drywell pressure.

High main steam line space temperature.
High radiation in steam line.

High main stear line flow.

Low main steam line pressure at turbine inlet.

® = N a n

High reactor building ventilation exhaust radiation.

The containment isolation systems can also be manually actuated from the control
room. After initiation of containment isolation, either automatically or

manually, the function goes to completion.

Upon receipt of signals indicating low reactor presrure vessel water level or
high drywell pressure, all containment isolation vaives in systems not required
for emergency shutdown are closed. These signals also activate systems

associated with emergency core cooling.

Those fluid penetrations that support systems not required for emergency
operation are closed by the containment isolation systems. Fluid penetrations
that support engineered safety feature (ESF) systems have remotely operated

isolation valves that may be closed from the control room if required.

The isolation criteria for determination of quantity, type, and location of
containment isolation valves for a particular system generally conform to the
requirements of General Design Criteria (GDC) 54, 55, 56, and 57 and comply with

the recommendations of Regulatory Guide 1.11.
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Redundancy and physical separation are required in the electrical and mechanical
design of the systems to ensure that no single failure in the containment
isolation systems prevents performance of the intended functions. Protection of
system components from missiles and from the effects of postulated high and

moderate energy line breaks is also a design consideration.

Instrument lines that penetrate the containment boundary conform to the
requirements of GDC 55 and 56 and comply with the recommendations of Regulatory
Guide 1.11.

Containment isolation valves and associated piping and penetrations satisfy the
requirements of the ASME Code, Section III, Class 1| or Class 2, as applicable.
These components are also Seismic Category I. Classification of systems and

equipment is presented by Table 3.2-1.

Upon loss of imstrument air, air operated containment isolation valves fail in
the position required for containment isolation. Closure times and leak
tightness of containment isolation valves are sufficient to ensure that site
boundary dose guidelines specified by 10 CFR i00 are not exceeded following a
postulated accident. A capability for rapid closure of all lines provides a
containment barrier within the lines that is sufficient to maintain leakage

within permissible linits.

6.2.4.2 System Design

6.2.4.2.1 General

A summary of coatainment isolation valves is presented by Table 6.2-32. Each
valve is described, including penetration number, applicable GDC or regulatory
guide, fluid system, fluid, line size, valve arrangement, location, valve type,
actuation mode, valve position, initiating signal, power source, etc.

Figure 6.2-60 illustrates the various containment isolation valve arrangements.

Justification for containment isolation provisions which differ from the

requirements of GDCs is presented in Section 6.2.4.2.2.
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Containment isolation valve closure times (see Table 6.2-32) are established to
prevent radiological effects from exceeding the guidelines specified by

10 CFR 100. A discussion of valve closure times, for those valves through which
a direct path from containment to the environment could exist is provided in
Chapter 15. Containment isolation for such lines is accomplis.ed in accordance
with NRC Branch Technical Position CSB 6-4, "Containment Purging During Normal
Plant Operations." Additiona! discussion of Branch Technical Position CSB 6-4 is

presented in Section 6.2.4.2.3.

Instrument ]lines which penetrate containment comply with the recommendations of
Regulatory Guide 1.11. A power operated remotely controlled isolation valve is
provided just outside containment. Instrument lines which penetrate both
containment and drywell have a similar arrangement. A motor operated isolation
valve is provided just outside containment. Details of these arrangements are
illustrated by Figure 6.2-60.

Inside containment each instrument line is either sized to adequately restrict
flow or is provided with a 0.25 inch orifice as close to the beginning of the
line as possible. In some cases a power operated valve is provided inside

containment in lieu of a flow restriction,.

Quality standards for containment isolation systems follow the recommendations of
Regulatory Guide 1.26. Addicional discussion of Regulatory Guide 1.26 is
presented in Section 3.2.2. Seismic classification is in accordance with the
recommendations of Regulatory Guide 1.29. Additional discussion of Regulatory
Guide 1.29 is presented in Section 3.2.1. Table 3.2-1 addresses classification

of specific systems and equipment.

Containment isolation valve, actuators, and controls are protected against damage
from missiles, jet impingement, and pipe whip. Potential sources of missiles and
jet forces and locations of postulated pipe breaks are evaluated. Where
potential hazards exist, protection is provided by physical separation, missile
or jet shields, etc. These valves are located either inside containment or
inside the auxiliary building. Both of these s.ructures are designed to satisfy

Seismic Category | requirements and the turbine missile design criteria stated in
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Section 3.5. To prevent debris from entering lines and obstructing valve
closure, screens are provided on the open ends of lines through which a direct

path from containment to the environment could exist.

Isolation valves are designed to be operable under the mcst adverse environmental
conditions, such as maximum differeatial pressures, extreme $e1sSmic occurrences,
steam laden atmosphere, high temperature, and high relative humidity. Normal and
accident environmental conditions, for which the containment isolation valves and
associated electrical equipment are designed, are discussed in Section 3.11.
Also, where necessary, a dynamic system analysis to determine the effects of
rapid valve closure under operating conditions is required by the design
specifications for piping systems associated with containment isolation valves.
The valve operability assurance program for active, safety related valves is

discussed in Section 3.9.

Electrical redundancy is provided for power operated valves. Power for the
operation of two isolation valves in a line (inside and outside containment) is
supplied from two redundant, independent power sources without cross ties. In
general, isolation valves outside containment are powered from the Division 1
power supply while isolation valves within containment are powered from the
Division 2 power supply. Both Division 1 and Division 2 valves are generally
powered from a-c power sources. Loss of power to each motor operated valve is

annunciated.

Provisions for detecting leakage from remote manually controlled systems are
discussed in Section 5.2.5. Detection of leakage from containment is discussed
in Section 6.2.6. Section 6.7 describes the main steam isolation valve leakage

control system.

The fraction of total containment leakage following a design basis accident/ LOCA
that could bypass the containment annulus exhaust gas treatment system is limited
to the leakage from sources which constitute open systems or nonsafety related
svstems. Safety class systems which are open systems are considered. For
example, it is assumed, for ncnsafety related systems, that the only portion of

such a system remaining following a seismic occurrence would be the containment
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isolation valves and the piping between th se valves. Additional leakage sources

considered are the personnel airlocks and containment penetrations with guard

pipes.

The containment boundary is surrounded by the annulus. Containment penetrations,
except those with guard pipes, terminate in the annulus. Therefore, containment

shell leakage and penetration leakage are totally directed into the annulus.

Containment design basis accident leakage is 0.2 percent, by weight, of the
contained atmosphere in 24 hours. The maximum permitted leakage rate from
potential sources listed in Table 6.2-33 is 4 percent of the total containment
leakage. The maximum allowable combined test leakage rate from potential sources
listed in Table 6.2-33 is 3 percent (0.75 times &4 percent) of the total
containment leakage. This value is the technical specification commitment for

leakage bypassing the containment annulus exhaust gis treatment system.

To verify that the total amount of potential bypass leakage is within the

established limit, the following test and evaluation program will be conducted:

3. Isolation Valves

Since it is assumed that nonsafety related systems outside the containment
isolation valves will not remain intact following a seismic occurrence,
containment atmosphere must terminate at the outer containment isolation
valve seat., The same effect is possible for open ended safety class
systems. To assure that this potential source of leakage is checked,
isolation valves listed in Table 6.2-33 are included in the periodic

"Type C" test program discussed in Section 6.2.6. Basically, the test
method requires application of containment design pressure to the reactor
side of the isolation valve seat being tested while the valve is fully
closed and the outer side of the valve is vented. By measuring the time
related pressure decay or by directly measuring the leakage flow rate, each

valve is quantitatively evaluated for leak tightness.
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b. Guard Pipes

The basic configuration for guard pipes is to have one end open to the
drywell and the other end welded closed to the process pipe outside the
shield building. The primary potential leakage path is at the outer end
closure welds. Secondary leakage paths may exist through discontinuities in
the guard pipe material. Leakage testing is performed concurrently with the
initial containment “‘egrated leak rate test. Guard pipe leakage is
detected by application of a soap bubble solution to 100 percent of the
exposed guard pipe surface outside the shield building, including all weld
connections. Any leak detected as a result of bubble formation will be
eliminated (i.e., no detectable leakage) by performing the appropriate
repair procedure. This test will be repeated each time a "Type A" test

(containment integrated leak rate test) is performed (see Section 6.2.6).

C. Personnel Airlocks

Containment atmosphere could potentially bypass the annulus exhaust gas
treatment system by leaking past the double seals on each door of the
personnel airlocks. Verification that this leakage does not exceed
established limits is obtained periodically by the performance of "Type B"
leak tests (see Section 6.2.6). In addition, a test of the leak tightness
of the volume between the double seals is performed after each use of an
airlock, except when the airlock is being used for multiple entries, then at
least once per 72 hours. By using the pressure decay method or leakage flow

rate method, the actual leakage rate through the seals can be determined.

Results of "Type B" and "Type C" testing are used to determine whether the

3 percent limit has been met.

Tests or analyses are also performed to demonstrate that the purge isolation

valves function as specified. These are as fellows:
a. Necessary prototype tests and/or analyses to satisfy the recommendations of

Regulatory Guide 1.48 relative to demonstrating the operability of the

equipment under the specified loading combination.
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b. Hydrostatic test of the valve body in accordance with the ASME Code,
Section IIT.

Cs Leak test of the valve assembly at maximum operating pressure in accordance

with applicable reguirements of Appendix J to 10 CFR 50.

d. Valve operator performance test for closure speed under maximum operating

pressure.

All systems penetrating containment can be isolated by remote manual action from
the control room if necessary. Discussions of individual system isolation are

presented in the sections which address the specific systems.

In the event of valve power failure, moior operated containment isolation valves
remain "as is". Air operated valves (except air testable check valves) close

upon loss of air.

Main steam line isolation valves are spring loaded, pneumatic, piston operated
globe valves, designed to fail closed upon loss of air pressure or loss of power
to the solenoid operated pilot valves. Each main steam isolation valve is served
by two independent pilot valves, each of which is powered from an independent
source. In addition, each main steam isolation valve is equipped with an air
accumulator to assist in valve closure in the event of loss of air, loss of
electrical power to the pilot valves, and/or failure of the valve spring. The
separate and independent action of either air pressure or spring force is capable

of closing a main steam isolation valve.

Both pneumatic and motor operated containment isolation valves have two sets of
status lights to indicate open or closed position. One set of lights is at the
control switch in the control room. The other set is on the control room
isolation status panel. Position of manual isolation valves is maintained by

means of locking devices and/or administrative controls.

The containment isolation valves are designed in accordance with the requirements

of Section 1II of the ASME Code.
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 bs v We- Justificatizcn of Differences from General Design Criteria

The GDCs were not established specifically fo. BWR plants; rather, these criteria
are intended to guide the design of all water cooled nuclear power plants. As a
result, the GDCs are generic in nature and subject to a variety of
interpretations. For this reason some cases exist where there is no "or -to-one"
correspondence between the applicability of an individual GDC and plant design.

In such cases, GE has developed a design that meets the intent of the criteria.

The isolation criteria within the GDCs contain clauses, such as, "unless it can
be demonstrated ... on some other defined bases", which allows for an alternate
design with reliability and performance capabilities that reflect the importance

to safety of isolating the piping systems.

Such alternates are described in Sections 6.2.4.2.2.1 through 6.2.4.2.2.3. The
final measure by which GE is assured that the BWR design 1s in agreement with the
GDCs .s receipt of the Advisory Committee on Reactor Safeguards (ACRS) letters
permitting construction and operation of previous plants with comparable valving

arrangements,

6.2.4.2.2.1 Justification with Respect to General Design Criterion 55

The reactor coolant pressure boundary, as defined in 10 CFR 50, Section 50.2 (v),
consists of the following: reactor pressure vessel; pressure retaining
appurtenances attached to the vessel; valves, and pipes which extend from the
reactor pressure vessel to, and including, the outermost isolation valve. The
lines of the reactor coolant pressure boundary which penetrate containment are
capable of isolating the containment, thereby precluding any significant release
of radioactivity. Similarly, for lines which do not penetrate containment, but
which do comprise a portion of the reactor coolant pressure boundary, the design
ensures that isolation of the reactor coolant pressure boundary can be achieved.
Items a, b, and ¢, below, address influent lines, effluent lines, and conclusions

with respect to GDC 55, respectively.
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Influent Lines

Influent lines which penetrate containment and the drywell directly to the
reactor coolant prescure boundary are equipped with at least two isolation
valves. One valve is inside the drywell; the second, as close as possible
to the external side of containment. These isolation valves protect the
environment. Where needed, protection of the containmenrt in the event of
pipe rupture outside the drywell but within containment is further insured
by extension of the drywell by use of guard pipes. These guard pipes,
together with tac isolation valves, assure protection in the eveat of an
active failure between drywell and containment. Table 6.2-34 lists those
influent lines that comprise part of the reactor coolant pressure boundary
and penetrate containment. The purpose of this table is to summarize the
design of each line with respect to the requirements of GDC 55. Items 1
through 8, below, demonstrate that, although a word for word comparison with
GDC 55 is not always practical, it is possible to demonsirate adequate

isolation provisions on some other defined basis.

A & Feedwater Lines

Feedwater lines are part of the reactor coolant pressure boundary since
they penetrate both the containment and drywell and connect to the
reactor pressure vessel. Each line includes three isolation valves and

is enclosed in a guard pipe.

The isolation valve inside the drywell is a check valve. The other two
isolation valves are outside containment. An air operated check valve
is located as close as possible toe the outside con ainment wall. The

outermost valve is a motor operated gate valve.

Extension of the drywell by means of the guard pipe protects the
containment from overpressurization in the event of a feedwater line
break between the drywell and containment walls. The internal design
temperature and pressure for the guard pipes which enclose the
feedwater lines are the same as the design valves specified for the

enclosed feedwater lines.
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Should a break occur in a feedwater line, the inside check valve
prevents significant loss of reactor coolant inventory and provides
immediate isolation. The outermost motor operated valve does not close
automatically upon occurrence of a protection system signal since,
during a LOCA accident, maintenance of reactor coolant makeup from all
sources is desirable. This valve, however, can be -emotely closed from
the control room to provide long term leakage protection when, in the
judgement of the operator, continued makeup from the feedwater system

is no longer necessary.
High Pressure Core Spray Line

The high pressure rore spray line penetrates both the containment and
the drywell and connects to the reactor pressure vessel. Isolation is
provided by an air testable check valve inside the drywell and a motor
operated block valve as close as possible to the outside of the
containment wall. This block valve maintains long term leakage
control. Position indication for the air testable check valve is
provided in the control room. The block valve is automatically and
remote manually operated. A guard pipe is not necessary since influent
high pressure core spray fluid is at such a low energy level during
system operation that contaiument overpressurization cannot result

shouid the line break between the containment and the drywell.
Low Pressure Core Spray and Low Pressure Coolant Injection Lines

Isolation of the low pressure core spray and low pressure coolant
injection system lines is accomplished by use of an air testable check
valve and a motor operated block valve. The check valve is located as
close as possible to the reactor vessel and is normally closed. This
valve protects against containment overpressurization in the event of a
line break between the check valve and the containment wall by
preventing high energy reactor coolant from entering containment. The
block valve located outside containment is automatically and remote

manually operated and is also normally closed. The block valve is
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automatically opened at the appropriate time to assure that acceptable
fuel design limits are not exceeded during LOCA. A guard pipe is not
necessary since system fluid energy during operation is sufficiently
low to preclude the possibility of containment overpressurization

should a break occur.

Control Rod Drive System Lines

The control rod drive system, located between the reactor pressure
vessel and containment, includes two types of influent lines: the
supply line that penetrates containment; and the insert and withdraw

lines that penetrate the drywell.

Isolation of the supply line is accomplished by a check valve inside
containment and a remote manually actuated motor operated block valve

as close as possible to the outside of the containment wall.

The insert and withdraw lines are not part of the reactor coolant
pressure boundary since these lines do not communicate directly to
reactor coolant. The basis upon which these lines are designed is
commensurate with the importance to safety of maintaining the pressure
integrity of these lines. The classification of these lines is Quality
Group B and they are designed in accordance with the ASME Code,

Section IlI, Class 2.

In the design of the control rod drive system, it has been accepted
practice to omit automatic valves for isolation purposes since
inclusion of such a valve would introduce a possible failure mechanism
into the shutdown (scram) function. Manual shutoff valves are provided
for isolation. In the event of a break in these lines, the manual
valves provide isolation capability. In addition, a ball check valve
in the control rod drive flange housing automatically seals the insert
line in the event of a break. Containment overpressurization will not
result from a line break in contaiment since these lines contain small

volumes of fluids, resulting in relatively small blowdown masses.
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Residual Heat Removal Head Spray and Reactor Core Isolation Cooling

Lines

The residual heat removal head spray and reactor core isolation cooling
lines join outside containment to form a common line which penetrates
both the containment and the drywell and connects to the reactor
pressure vessel. An air testable check valve is provided inside the
drywell as close as possible to the reactor pressure vessel. Two
valves, a check valve and a remote manually actuated, motor operated
block valve, are located outside containment in each line. The line is

also enclosed in a guard pipe.

The air testable check valve inside the drywell is normally closed.
The check valves outside containment assure immediate containment
isolation in the event of a line break. The block valve in each line

is manually actuated to provide long term leakage control.

The guard pipe provides protection against containment
overpressurization in the event of a line break between the drywell and
containment walls. Should the check valve inside the drywell fail
coincident with a line break, the guard pipe would direct the released

fluid into the dryweil.

Position indication lights are provided in the control room for each of

the air testable check valves inside the drywell.

Standby Liquid Control Line

The standby liquid control system is located between the containment
and the drywell. The standby liquid control line penetrates the
drywell and connects to the reactor pressure vessel. Isolation is
provided by a check valve inside the drywell and a check valve and
explosive valve outside the drywell. The explosive valve provides an
absolute seal for long term leakage control, as well as preventing
leakage of sodium pentaborate into the reactor pressure vessel during

normal re- r operation. Since the standby liquid control line is
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normally an isolated, nonflowing line, rupture is extremely improbable.
However, should a break occur subsequent to actuation of the explosive

valve, the check valves ensure isolation.

T Residual Heat Removal Shutdown Cooling Return Lines

The residual heat removal shutdown cooling return lines discharge into
the feedwater line between the air operated check valve and the motor
operated block valve outside of containment. A check valve and a
normally closed, motor operated, remote manually actuated gate valve
provide for isolation of the residual heat removal shutdown cooling

return lines.

8. Reactor Water Cleanup System Line

The discharge line from the reactor water cleanup pumps penetrates
containment and serves the reactor water cleanup regenerative heat
exchangers inside containment. Automatically actuated motor operated
block valves, one inside, one outside containment, provide for

isolation.

Etfluent Lines

Effluent lines that form part of the reactor coolant pressure boundary and
penetrate containment and/or the drywell are equipped with at least two
isolation valves. One valve is inside the drywell, the other outside, but
as close as possible to, the containment. Where needed, the containment is
protected, in the event of a pipe rupture outside of the drywell but inside
containment, by guard pipes which enclose the process lines, forming an
extension of the drywell. This combination of isolation valves and guard
pipes assures protection in the event of a failure between drywell and

containment walls.
Table 6.2-35 lists those effluent lines that comprise part of the reactor

coolant pressure boundary and that penetrate containment and/or the drywell.

Items 1 through 4, below, address specifics of these lines.
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Steam Lines

Steam lines include main steam, main steam drain, residual heat

removal, and reactor core isolation cooling steam lines.

The main steam lines from the reactor pressure vestel to the turbine
penetrate both drywell and containment. Main steam line drains (one
for each main steam line) in the drywell are headered together to form
one line which penetrates both drywell and containment. Isolation for
the main steam lines and main steam drain line is provided by
automatically actuated block valves, one inside the drywell and one

outside containment.

The residual heat removal steam supply and reactor core isolation

cooling turbine steam line branches from the main steam line inside the
drywell. lsolation for this line is provided by normally open, remote,
manually actuated, motor operated block valves, one inside the drywell,

one outside containment.

Use of guard pipes to enclose these steam lines prevents containment
overpressurization in the event of line break between the drywell and
containment walls. The internal design temperature and pressure for
the guard pipes which enclose these steam lines are the same as the

design values specified for the enclosed lines.

Reactor Water Cleanup Lines

The reactor water cleanup pumps are located outside containment; the
heat exchangers and filter demineralizers, inside containment, but
outside the drywell. The reactor water cleanup pump suction line from
the reactor recirculation system lines and the reactor bottom head
penetrates the drywell and containment. Two automatically actuated,
motor operated valves provide for isolation of this line. One valve is
just inside the drywell; the other, outside containment. A guard pipe

encloses the line between the drywell and containment walls.
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The reactor water cleanup pump discharge line to the heat exchangers
and filter demineralizers penetrates containment. Two automatically
actuated, motor operated valves (one inside and one outside

containment) provide for isolation of this line.

A blowdown line from the filter demineralizers penetrates containment
and divides to form separate lines to the condenser and radwaste
system. Automatically actuated, motor operated block valves, one

inside and one outside containment, provide for isolation of this line.

The return line from the filter demineralizers penetrates containment
and connects to the feedwater line between the containment wall and the
air operated (feedwater) check valve. Two automatically, actuated,
motor operated block valves provide for isolation of this line. One

valve is inside, the other outside of containment.

Residual Heat Removal Shutdown Cooling Line

The residual heat removal shutdown cooling line branches from the B
reactor recirculation loop and penetrates both the drywell and
containment. Normally closed, remote manually actuated, motor operated
valves, one inside the drywell, one outside containment, provide for
isolation of this line. A guard pipe ercloses this line from the
drywell wall to the containment wall to protect against containment

overpressurization in the event of a line break.

Recirculation System Sample Line

A sample line from the recirculation system penetrates the drywell.
This line is 3/4 inches in diameter and is designed in accordance with
the requirements of the ASME Code, Section 1II, Class 2. A sample
probe with a 1/8 inch diameter hole is located inside one recirculation
discharge line within the drywell. In the event of a line break, this
probe acts as a restricting orifice and limits escaping fluid flow.

Two air operated valves which fail closed are provided for isolation of

this line. One valve is inside containment; the other, outside.
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9" Conclusions Concerning General Design Criterion 55

To assure protection against the consequences of accidents involving the
release of radioactive material, piping which forms portions of the reactor
coolant pressure boundary has been shown to provide adequate isolation
capability on a case by case basis. In all cases, a minimum of two barriers
is shown to protect against release of radioactive materials. Where
necessary to protect the containment against overpressure, guard pipes are
provi.=d which er-lose the process pipes between the drywell and containment

walls.

In addition to satisfying the requirements of GDC 55, the pressure retaining
components which comprise the reactor coolant pressure boundary are designed
to satisfy other appropriate requirements which minimize the probability o:
consequences of an accident rupture. Quality requirements for these
components ensure that they are designed, fabricated, and tested to the
highest reactor plant component standards. The classification of components
which comprise the reactor coolant pressure boundary is Quality Group A and
such components are designed in accordance with the ASME Code, Section III,
Class !. Additional information concerning classification is presented by
Table 3.2-1. The containment and reactor vessel isolation control system is

addre-sed in Section 7.3.

6.2.4.2.2.2 Justification with Respect to General Design Criterion 56

GDC 56 requires that lines that penetrate containment and communicate with the
containment interior must have two isolation valves, one valve inside
containment, the other outside, unless it can be demonstrated that the
containment isclation provisions for a specific class of lines are acceptable on

some other basis.

Table 6.2-36 lists those lines that penetrate primary containment and connect to
the drywell and suppression chamber. The purpose of this table is to summarize
the design of each listed line with respect to the requirements of GDC 56.

Although a word for word comparison with GDC 56 is, in some cases, not practical,
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it is possible to demonstrate adequate isolation provisions on some other defined
basis. It should be noted that this criterion does not reflect consideration of
the BWR suppression pool design, in that those lines which connect to the
suppression pool would require placement of inside containment isolation valve
underwater. All of the lines which connect to the suppression pool are to or
from the individual watertight ECCS pump rooms. Items a, b, ¢, and d, below,
address influent lines to the suppression pool, effluent lines from the
suppression pool, influent and effluent lines from the drywell and suppression

pool free volume, and conclusions with respect to GDC 56, respectively.

a. Influent Lines to the Suppression Pool

; Low Pressure Core Spray, High Pressure Core Spray, and Residual Heat
Removal Test and Pump Minimum Flow Bypass Lines, and Residual Heat

Removal Steam Condensing Mode Bypass Line

The low pressure core spray, high pressure core spray and residual heat
removal test lines have isolation capability commensurate with the
iwportance to safety of isolating these lines. Each line has a
normally closed, motor operated valve located outside containment.
Containment isolation requirements are satisfied on the basis that the
test lines are normally closed, low pressure lines, constructed to the
same quality standards as the containment. Furthermore, the
consequences of a break in one of these lines result in no significant
effect on safety. All of these lines terminate below the minimum

suppression pool drawdown level.

The test return lines are also used for suppression pool return flow
during other modes of operation. This reduces the number of
penetrations, minimizing the potential pathways for radioactive
material release. Typicaily, pump minimum flow bypass lines join the
test return lines downstream of the test return isolation valve. The
bypass lines are isolated by motor operated valves and a restricting

orifice is provided downstream of the valves.
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Reactor Core Isolation Cooling Pump Minimum Flow Bypass, Turbine

Exhaust, and Turbine Exhaust Vacuum Relief

The reactor core isolation cooling pump minimum flow bypass, turbine
exhaust, and turbine exhaust vacuum relief lines penetrate containment
and discharge to the suppression pool. The minimum flow bypass and
turbine exhaust lines are each equipped with a motor operated, remote
manually actuated gate valve outside and as close to containment as
possible. A check valve upstream of the gate valve provides for
imnediate isolation in the event of a break upstream of the check
valve. The turbine exhaust vacuum relief line has two automatic and
remote manually actuated isolation valves located outside containment.
The motor operated gate valve in the minimum flow bypass line is
normally closed. The turbine exhaust line motor operated gate valve is
designed to be locked open in the control room and is interlocked to
preclude opening of the reactor core isolation cooling pump turbine
steam inlet valve if the turbine exhaust valve is not fully open. The

turbine exhaust vacuum relief line valves are normally open.

Residual Heat Removal Heat Exchanger Vent and Relief Valve Discharge

Lines

Residual heat removal heat exchanger vent lines discharge to the
suppression chamber. Two normally closed, remote manually actuated,
motor operated valves outside containment and a check valve, located

hetween containment and the drywell, provide isolation.

Relief valve discharge lines from the residual heat removal heat
exchangers and various emergency core cooling system suction and
discharge lines discharge to the suppression pool. These vent lines
are isolated by the relief valves. The addition of block valves would
defeat the purpose of the relief valves. The relief valves set

pressure is greater than 1.5 times containment design pressure.



Effluent Lines from the Suppression Pool

The low pressure core spray, high pressure core spray, reactor core
isolation cooling, and residual heat removal suction lines are equipped with
remote manually actuated, motor operated gate valves outside containment.
These va'ves provide the ability to isolate in the event of a line break and
also provide long term leakage control. The high pressure core spray and

reactor core isolation ccoling pump suction lines also include check valves.

In addition, suction piping from the suppression pool is considered an
extension of containment since this piping must be available for long term
use following a design basis LOCA. Therefore, this piping is designed to
the same quality standards as the containment. Thus, the need for isolation
is obviated to some degree by providing a high-quality system and by the
fact that the piping runs to the water-tight ECCS pump rooms. Also, the
emergency core cooling system discharge line fill system (emergency core
cooling system waterleg pumps) takes suction from the respective emergency
core cooling system pump effluent line from the suppression pool downstream
of the isolztion valve. The emergency core cooling system discharge line
fill system suction line includes a manual valve, provided for operational
purposes. This system is isolated from containment by the respective
emergency core cooling system pump suction valve from the suppression pool
(see Table 6.2-32).

Influent and Effluent Lines from Drywell and Suppression Pool Free Volume

1. Combustible Gas Control and Post LOCA Atmosphere Sampling Lines

The combustible gas control system line which penetrates containment
includes two normally closed, remote manually actuated valves, one
inside and one outside containment. The post LOCA sampling system
lines which penetrate containment and connect to the drywell and
suppression chamber air volume are equipped with two normally closed,
solenoid operated isolation valves in series. These valves are located

outside containment and provide assurance of isolation of these lines
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in the event of a line break and also provide long term leakage
control. In addition, the piping is considered an extension of
contaiament since it must be available for long term use following a
design basis LOCA. Therefore, it is designed to the same quality

standards as containment.

A Containment Purge and Exhaust Lines

The containment purge and exhaust lines are equipped with three
automatically actuated isolation valves. One valve is outside
containment and one valve is in each of the two branch lines inside

containment .

d. Conclusions Concerning General Design Criterion 56

To assure protection against the consequences of accidents invelving the
release of significant amounts of radioactive material, piping t.at
penetrates containment has been shown to provide adequate isolation

capability on a case by case basis in accordance with GDC 56.

In addition to satisfying the isolation requirements specified by GDC 56,
the pressure retaining components of these systems are designed, fabricated,
and tested in accordance with the requirements of the ASME Code,

Section III. In some cases, provision of a high quality system obviates the
need for isolation valves due to the diminished probability of a rupture in
such a system. Additional information concerning classification is
presented by Table 3.2-1. The containment and reactor vessel isolation

control system is addressed in Section 7.3.
6.2.8.2:2.3 Justification with Respect to General Design Criterion 57
Lines that penetrate containment and for which neither GDC 55 nor GDC 56 are
governing comprise the closed system isolation valve group. Influent lines are

equipped with a motor operated valve outside containment and a check valve inside

containment. Effluent lines are equipped with motor operated valves both outside
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and inside containment. In all cases, the isolation valves are located a; close

to containment wall as possible. System lines within this group include the

following:

a. Nuclear closed cooling water supply and return.
b. Fuel pool cooling influent and effluent.

£, Condensate makeup influent and effluent.

a. Containment chilled water supply and return.
e. Plant service air.

£ Instrument air.

g. Demineralized water.

h. Equipment drain sump to radwaste.

i. Fire protection carbon dioxide.

i. Floor drain effluent to radwaste.

k. Reactor water sample.

1. Backwash receiving tank to radwaste.

m. Nitrogen supply.

n. Safety r-lated instrument air.

6.2.4.2.3 Consideration of NRC Branch Technical Position CSB 6-4,
"Containment Purging during Normal Operation"

The containment purge system is designed to achieve the objectives stated in
Branch Technical Position CSB €-4. Purge system containment isolation valves are
capable of isolating containment within 5 seconds. The containment purge system

is described in Section 6.5.1.

Radiological consequences due to the occurrence of a postulated LOCA when the
conta nment is being purged during normal operation have been examined to
determine compliance with the dose criteria set fo.th in Branch Technical
Position CSB 6-4. The calculated site boundary doses are 0.45 Rem to the thyroid
and 81 mRem whole body. These doses are a small fraction of the 10 CFR 100

guideline values.
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Major assumptions used in the dose analysis are as follows:

a. A double ended guillotine break of the recirculation line was assumed to
occur instantaneously. This accident was chosen because it represents the

worst break and, consequently, the highest doses.

b. Purge system isolation valve closure will isolate containment within five
seconds (includes valve closure time of four seconds and an additional
maximum time of one second for conservatism). During this period reactor
coolant blowdown was conservatively estimated to be 109,766 pounds (see
Table 6.2-25).

38 Forty percent of the blowdown was assumed to flash to steam. It was
conservatively assumed that the entire iodine activity in the flashed
fraction of the total blowdown was instantaneously released to the
containment atmosphere at the instant the accident occurred. Plate out of
iodiue was ignored. Retention of iodines in the suppression pool was also
ignored although, actually, the flashed activity would first be dumped into

the suppression pool and would then slowly evolve into containment.

d. Specific activity in the reactor coolant was conservatively assumed to be
6.56 Ci/g of 1-131 and .%.9 1Ci/g of Xe-133, with other isotopes in

proporiionate quantities. This corresponds to spike conditions.

e. Turbulence resulting from the high blowdown rates and operation of fan

coolers in containment was assumed to ensure good mixing in the entire

containment volume.

P Containment air was assumed to be released through an 18 inch purge line for
five seconds. Constant flow rates through the open purge lines
corresponding to the maximum containment pressure of approximately 3.0 psig
during the release period (see Figure 6.2-2) were used to determine a total
flow to the environment of 510 pounds. This value is conservative since it
ignores lower flow rates due to lower containment pressures and partial

closure of the purge isolation valves at times prior to five seconds.
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g No credit was allowed for iodine removal by the 99 percent efficient

charcoal adsorbers in the containment purge exhaust lines.

h. Site boundary x/Q of 6.7 x 10-“ sec/m3 (see Table 15.6-12) was used in the

dose calculation.
6.2.4.3 Design Evaluation
6.2.4.3.1 General Evaluation

To ensure the accomplishment of the design objective stated in Section 6.2.4.1,
redundancy is provided in all design aspects of the containment isolation
systems. Mechanical components are redundant and each isolation valve is
protected, by separation and/or adequate barriers, against the consequences of
potential missiles. Also, system design specifications require each containment
isolation valve to be operable under the most severe operating conditions to
which it may be exposed. A program of testing is planned to ensure valve
operability and leak tightness. Isolation valve arrangements provide backup in
the event of accident and satisfy the requirements of GDC 54, 55, 56, and 57, and
follow the recommendations of Regulatory Guide 1.11. Electrical redundancy is
provided by valve arrangements which eliminate dependence upon one power source
to achieve isoiation. Electrical cables for isolation valves in the same line
are routed separately. Cables are selected with consideration of the specific
environmental conditions to which they may be subjected, such as magnetic fields,
high radiation, high temperature, and high relative humidity. The containment
isolation valve arrangements, with appropriate instrumentation, are illustrated
by Figure 6.2-60. Modes of valve actuation are also redundant. The primary mode
is automatic; the secondary mode, remote manual. No active failure of a single

valve or other component can prevent containment isolation.

All nonpowered isolation valves are administratively controlled and/or locked to
ensure that position is known and maintained. The position of all power operated
isolation valves is indicated in the control room. Instrumentation and controls

associated with the containment isolation systems are discussed in Chapter 7.
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6.2.4.3.2 Failure Mode and Erfects Analyses

A single failure can be defined as a failure of some component in any safety
system which results in a loss or degradation of the capability of the system
to perform the safety function. Active components are defined as components
that must perform a mechanical motion in the process of accomplishing a system
safety function. Appendix A to 10 CFR 50 requires that electrical systems
also be designed against passive single failures, as well as active single
failures. Chapter 3 describes the implementation of these requirements, as
well as GDCs 17, 21, 35, 41, 44, 54, 55, and 56.

In single failure analysis of electrical systems, no distinction is made
between mechanically active or passive components. All fluid system
components, such as valves, are considered "electrically active", whetner or

not "mechanical" action is required.
Electrical systems, as well as mechanical systems, are designed to satisfy the
single failure criterion for both mechanical active and passive fluid system

components that are required to perform a safety action.

6.2.4.4 Tests and Inspections

The containment isolation systems are scheduled to undergo periodic testing
during reactor operation. Functional capabilities of power operated isolation
valves are tested remote manually from the control room. By observirg
position indicators and changes in the operation of the affected system, the

operability of a particular isolation valve is verified.

Air testable check vailves are used in certain systems, such as in the low
pressure core spray, high pressure core spray, and residual heat removal
influent lines. These valves, located inside containment, are tested from the

control room to ensure functional capability when required to operate.

Leakage testing is addressed in Sections 6.2.4.2.1 and 6.2.6.
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Instrument isolation valves inside and outside containment can be exercised from

the control room and can be locally tested.

An inservice inspection program for valves forming parts of the reactor coolant

pressure bhoundary is described in Section 5.2.4.

6.2.5 COMBUSTIBLE GAS CONTROL IN CONTAINMENT

The control of combustible gas following a LOCA will be accomplished by mixing
volumes of relatively high combustible gas concentration with those of low
concentration. Prior to the time when the amount of combustible gas reaches
critical mixture, electrical hydrogen recombiners will be placed in operation.
This will control any additional gas produced and subsequently reduce the
hydrogen gas inventory. As a backup means of control, the containment atmosphere

cen be purged through the annuius exhius! gas treatment system.
9.2:5.1 Design Bases

8.2:5.1.1 Safety Design Bases

The safety design bases are:

a. To evaiuate the hydrogen concent:ation as a function of time following the
hypotuetical LOCA, the hydrogen generation from the metal-wiler reaction and
core snd sump rad‘olysis is based on parameters found in Regulatory
Guide 1.7.

b. Hydrogen generated from the metal-water reaction and radiolysis is assumed
to evolve 1o the drywell awmosphere and form a homogeneous mixture. Several
natural feeces support this sssomption. These natural forces include
molecnlar difiusion and patural convection. Natural convection is promoted
by temperaturc gradients exist ng in the drywell and the cascading effect of
the ECCS woter exitiag through ihe break. These forces offset the natural
buoyancy force of nydcoger and promote mixing in the drywell. Mixing is
prowsted in *he containment by thess same natural forces. In addition, the

‘nitiation of the containment sprzvys will create turvulence in the

contaiament and enhance mixing.




The system design complies with all applicable requirements of 10 CFR 50,
Appendix A, Criterion 41 and Regulatory Guide 1.7.

The system is capable of sampling and measuring the hydrogen concentration
in both the drywell and containment vessel and provide remote indication and

alarms in the control room.

The system is capable of mixing areas of high hydrogen concentration with
areas of low hydrogen concentration in crder to control combustible gas

concentration in the drywell and containment vessel without reliance on

pu:rging.

To control the long-term buildup of hydrogen in the containment, recombiners
are provided. There are two 100 percent capacity recombiners per unit, and

therefore no sharing of recombiners between units is required.

Capability to purge the containment vessel and drywell atmospheres through a
fission produc® removal system is provided as backup to the electric

hydrogen recombiners.

The mixing subsystem and the electrical hydrogen recombiners will meet the
quality assurance, redundant instrumentation and power availability
requirements assigned to an engineered safety feature system (refer to
Table 3.2-1).

All components in the mixing and hydrogen control systems are of seismic
Category 1 design and are capable of wi...tanding the temperature and
pressure transients resulting from a LOCA. They can also withstand the
humidity conditions and radiatien environment in which the combustible gas

control system components are located (refer to Section 3.11).

Protection from postulated missiles and pipe whip is provided as required to
ensure proper system operation. All active components of the drywell purge
and hydrogen control systems are located in the containment outside the
drywell. The major system components and associated performance data are

listed in Table 6.2-37.
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k. Sincec vperation of only one of the two independent combustible gas control
systems is required, a single failure will not prevent the system from
fullfilling its design function. The conhustible gas control system failure

analysis is presented in Table 6.2-38.

. The capability to periodically inspect and test systems and system

components is discussed in Section 6.2.5.4.

m. The hydrogen recombiners are freestanding units located in the containment.
Therefore, the protection of personnel from radiation in the vicinity of the

recombiners is not required.

n. In accordance with Regulatory Guide 1.7, the concentration of hydrogen will
be the controlling factor for the combustible gas control system since the

oxygen concentration is greater than five percent by volume.

0. The combustible gas control system will be placed in operation prior to the

drywell hydrogen concentration reaching four percent by volume.
6.2.5.2 System Design

A tabulation of the design arnd performance data for each system component is
located in Table 6.2-39. A detailed discussion of instrumentation ieatures is

provided in Section 7.3.
6:2:5:2.1 Hydrogen Anolysis Subsystem

The hydrogen analyzer is a thermal conductivity device that measures the
perceptage of hydrogen by volume by detecting changes in thermal conductivity.
These changes are found by first measuring the thermal conductivity of a sample.
The sample is then passed through a catalytic reactor which causes the hydrogen
to react and be removed as water. The conductivity of the sample is measured
again. The difference between the first and second conductivity measurement is

the amount of hydrogen initially present in the sample. These analyses a2re

6.2-88



designed to provide an accuracy of +10 percent to -1 percent of atomic hydrogen
concentration. Tests have been conducted to qualify the analyzer in accordance
with TEEE 3239, 33401 404 344(®) . Refer to Sections 3.10 and 3.11.

Since hydrogen is much lighter than air it diffuses rapidly and tends to form a
uniform mixture. Because of this, it is unlikely that areas of higher
concentrations could form. Any such concentrations would tend to form first at
the high points but only if the hydrogen release point were near the ceiling of
an enclosed area and no circulation of atwosphere were to occur(ls). These
conditions will not be present after the LOCA since pressure and temperature
transients due to the release of steam to the containmeat and drywell, as well as
operation of the ECCS systems, will cause considerable turbulance throughout the

area.

Since this Lurbulance will result in a relatively homogeneous mixture ol
hydrogen, the hydrogen sample locations are representative of the containment and
drywell atmosphere. Redundant sample lines from the space between the reactor
vessel Frad and the drywell dome, the top of the drywell area, and the

containment dowe are connected to redundant hydrogen analyzers.

Piping and instrumentation for the hydrogen analysis subsystem is presented in

Section 7.3. Design of the subsystem is Safety Class 2, Seismic Category I.

The analyzer panels are located in the auxiliary building at elevation 620'-0"
and the intermediate building at elevation 654'-6". (Figures 1.2-5 and

Figure 1.2-7) The hydrogen analysis subsystem operates independently of any
other subsystem in the containment combustible gas control system. Provisions
exist for grab samples in the hydrogen analyzer sample system at each of the two
analyzecr stations. Shielding and remotely operated valves are provided for the
sample station to limit radiation exposure of plant personnel. The two redundant
hydrogen analyzers and sample systems ensure that no single failure will prevent
cont’nuous monitoring of the hydrogen concentrations in the drywell and

containment following a LOCA.
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The analyzers and sample systems are manually initiated by the operator from the
control room following a LOCA. The required presence of the operator in the
control room and the relatively slow buildup of hydrogen concentrations in
containment make delayed startup of these analyzers acceptable. Delaying
initiation 15 minutes to 1 hour after a LOCA also subjects the analyzer to less
severe sample conditions than the maximum LOCA conditions, for which they are
designed, thereby increasing the probability of their successful operation.
Figure 6.2-61 indicates that hydrogen concentrations approach 3 percent in
approximately 18 hours after a LCCA, providing more than sufficient time to

initiate manual action.

8. 2:.9:2:2 Hydrogen Mixing Subsystem

Initial control of the hydrogen concentration following a LOCA will be
accomplished by mixing volumes of potentially high and low hydrogen
concentrations. Mixing is accomplished by means of redundant, 500 scfm,
centrifugal air compressors which take suction from the contaiument volume above
the service floor and discharge into the drywell. This pressurizes the drywell
sufficiently to uncover the upper row of suppression pool vents. Adequate mixing
is obtained by this method due to the fact that the drywell volume is dispersed
to the containment uniformly from around the entire circumference of the drywell
at the lowest possible point, while the return to the drywell is from a single
point in the dome of the contaimment. This arrangement precludes any possibility

of short circuiting the mix ag subsystem.

Piping and instrumentation from the mixing subsystem are shown in Figure 6.2-62.

Locations of the mixing compressors are shown in Figure 3.8-58.

Physical separation of components in the hydrogen mixing system assures proper
operation despite pipe vhip, missiles and jet impingement. There are two systems
supplying air to the drywell. Supply piping and compressors are located on
adjacent quadrants outside the drywell. Hence, no single pipe break, missile or
jet can disable both systems. This arrangerm.nt meets the criteria of Regulatory

Guide 1.46. The piping is designed for the maximum differential pressure loads
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and is seismically supported. No ductwork is used in the system. This subsystem
is designed as Safety Class 2, Seismic Category I. A prototype drywell purge
compressor has been tested under LOCA conditions to ensure operation following a
LOCA. The seismic qualification procedure for drywell purge compressor is
addressed in Section 3.9 and environmental qualification described in

Section 3.11.
6:2.5.2.3 Hydrogen Recombination System

The hydrogen control system is fully redundant and consists of twy 100 percent
capacity hydrogen recombiners for each unit. Therefore, no sharing is required
between the two nuclear units. Figure 6.2-61 depicts hydrogen concentration in

the drywell and containment as a function of time.

a. Each recombiner subsystem consists of a control panel and a power supply
cabinet located in the control complex. The recombiner is located on the
operating floor of the containment. Air flows by natural convection through

the unit. The recombiner is a completely passive device.

b. The power supply cabinet contains an isolation transformer plus a controller
to regulate the power to the recombiner. The controls for the power supply

are located in the separate control panel and are manually actuated.
&, Each hydrogen recombiner consists of the following design features:

L A preheater section consisting of a shroud placed around the central
heaters to take advantage of heat conduction through the central walls
tor preheating iucoming air.

- An orifice plate to regulate the rate of air flow through the unit.

. P A heater section consisting of five banks of metal sheathed electric
resistance heaters to heat the air flowing through it to

hydrogen-oxygen recombination temperatures. Each bank contains 60

individual U-type heating elements.
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4. A mixing chamber which mixes and dilutes the hot effluent with

containment air to lower the temperature of the discharge stream.

5. An outer enclosure to protect the unit from impingement by containment
spray.
6. Except for electrical power, there is no need of any plant support
service.
d. Containment atmosphere is heated within the recombiner in a vertical duct

causing it to rise by natural convection. As it rises, replacement air is
drawn through intake louvers downward through a preheater section which will
temper the air and lower its relative humidity. The preheated air then
flows through an orifice plate, sized to maintain a 100 scfm flow rate, to
the heater section. The air flow is heated to a temperature above I,ISOOF,
the reaction temperature for the hydrogen-oxygen reaction, and any free
hydrogen present reacts with atmospheric oxygen to form water vapor. After
passing through the heater section, the flow enters a mixing section which
is a louvered chamber where the hot gases are mixed and cooled with
containment atmosphere before the gases are discharged directly into the
containment. The air discharge louvers are located on three sides of the
recombiner. To avoid short circuiting of previously processed air, no

discharge louvers are located on the intake side of the recombiner

Tests have verified that the hydrogen-oxygen recombination is not a catalytic
surface effect associated with the heaters, but occurs due to the increased
temperature of the process gases. As the phenomenon is not a catalytic effect,
saturation of the unit cannot occur. Results of testing a prototype electric
hydrogen recombiner are given in References 16 and 17 and production unit test
results are given in References 18 and 19. There are no differences between the
recombiner system on which the qualification tests were conducted and the
recombin>r system which was supplied for Perry. For environmental qualification
see Section 3.11. The system is designed to Safety Class 2, Seismic Category I

requirements. The system is shown on Figure 6.2-63.
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6.2.5.2.4 Purge Subsystem

A purge subsystem is provided as a backup means of combustible gas control.
Purging will be initiated manually from the control room, if required purging is
accomplished through the annulus exhaust gas treatment system to the outside
atmosphere. Makeup air is drawn into the containments through the containment
vacuum relief valves. This will cause the containment air to be diluted with air
of a low hydrogen concentration. Those portions of the backup purge associated
with containment isolation are designed to meet Safety Class 2, Seismic

Category I requirements. The system is shown on Figure 6.2-62.

6.2:.5.3 Design Evaluation

The design evaluation of the combustible gas control system follows the
guidelines of NRC Branch Technical Position CSB 6-2, "Control of Combustible Gas
Concentrations in Containment Following a Loss-of-Coolant Accident," and is as

follows:
a. The production of hydrogen from the corrosion of zinc and aluminum is zero.
This is due to the noncorrosive solution that is ured for the containment

spray system.

b. The mass of the Zircaloy fuel cladding to a depth of .23 mills as specified
in Regulatory Guide 1.7 is 574 pounds.

ae integrated production of hydrogen for the containment and drywell due to

-adiolysis of water is shown in Figure 6.2-64.

‘gligible hydrogen and oxygen is contained in the reactor coolant system

<h respect to the other components of hydrogen generation following a
'CA.

e. The total fission product decay power as a fraction of operating power

rsus time is given in Table 6.2-27.

3 The fission product distribution model is discussed in Section 12.2.
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8- The integrated production of hydrogen in the drywell due to the
zirconium-water reaction is 12.6 lb-moles for the first two minutes. There

18 no zirconium-water reaction after this time.

h. The hydrogen concentration in containment plotted as a function of time is

shown in Figure 6.2-61.

ks Three methods of hydrogen control are used. They are the containment
atmospheric dilution system, hydrogen recombiner, and containment purge.
The purge is used only if the recombiners are not functional at the time
they are required to operate. Table 6 2-39 shows the design and operating

parameters.

L N Since hydrogen is much lighter than air, it diffuses rapidly, tending to
form a uniform mixture. Because of this, it is unlikely that areas of
higher concentrations could form; however, any such concentrations would
tend to form at the high points of containment, where the containment spray
lines and mixing system suction lines are located. The initiation of these

systems would create turbulance and enhance mixing.
k. The hydrogen mixing system piping is designed for the maximum differential
pressure lo.ads and is seismically supported. No ductwork is used in the

system.

6.2.5.4 Testing and Inspection

Except tor piping lccated inside the drywell, the entire system is visually
inspected periodically during normal plant operation. Compressors are tested by
turning them on from the control room and measuring discharge pressure.
Isolation and control valves are exercised periodically and position checked on

indicators in the control room.
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Testing of the hydrogen analyzers is done periodically by injecting a calibration
gas into the sample lines and comparing the known concentration with the analyzer

readout.

The hydrogen recombiners are tested once a year to check the calibration of the
unit and proper operation of the heaters by energizing the unit and allowing

temperatures to stabilize at the operating conditions.

Preoperational tests of the combustible gas control system are conducted during
the final stages of plant construction prior to initial startup (see

Section 14.2). These tests ensure correct functioning of all controls,
instrumentation, comprestors, recombiners, piping, and valves. System reference
characteristics, such as pressure differentials and flow rates, are documented
during the preoperational tests and are used as base points for measurements in

subsequent operational tests.

In addition, inservice inspection of all ASME, Section III, Class 3 components is

done in accordance with Section 6.6.

8,2.5:5 Instrumentation Requirements

Operation of the combustible gas control system is performed manually. On-off
status of compressors and position of valves are indicated in the control room.
Hydrogen concentration recorders and alarms, flow recorders, low flow, system

bypassed alarms and control switches are located in the control room.

Within the first hour after a LOCA both hydrogen analyzers are started manually
from the control room. Controls on the recorder switch station located in the
control room on panel H13-P800 allow the hydrogen analyzers t» be placed in
either an automatic seauencing mode, in which samples acre sequentially taken from
the four areas of high hydrogen concentration previously discussed, or a manual
mode in which the operator selects one of the four areas to sample. Both
hydrogen analyzers alarm high hydrogen concentration at 3 percent hydrogen by

volume. This is below the four percent limit in Regulatory Guide 1.7 and thus




provides ample time for the operator to initiate the mixing subsystem

(Figure 6.2-64). The operator is alerted again by another annunciator alarm at
3.5 percent hydrogen by volume. The second alarm serves as a backup and still
provides time for the operator to initiate the mixing systems before hydrogen

concentrations exceed the limits of Regulatory Guide 1.7.

Absence of this second alarm after starting the mixing subsystem is a
confirmation of the effectiveness of the mixing subsystem. These setpoints have

been conservatively selected considering all instrument errors and accuracies.

On high hydrogen concentration signal from the hydrogen analyzers, the mixing
subsystem is manually started. Prior to starting the mixing compressors, the
pressure in the drywell and containment is equalized by automatic opening of the
drywell vacuum relief valves. See Section 3.8.3 for further details of the DVR
system. The mixing subsystem will be operated manually from the control room
because mixing will not be required for a number of hours after the LOCA. The
discharge control valve for each mixing compressor is normally closed, opens
automatically when the compressor starts, and closes automatically when the
compressor is stopped. The operation of the mixing system is electrically locked

out whenever a LOCA signal is present.

Days after the LOCA, the mixing system becomes ineffective in maintaining the
hydrogen concentration below the combustible limit. At this time, if the
hydrogen analyzer indicates that the concentration has increased to approximately
3.5 volume percent, the hydrogen recombiner subsystem is manually started from
the control room. 1In the unlikely event that the redundant hydrogen recombiners
fail to maintain the hydrogen concentration below 4 volume percent, the
containment will be purged after operator initiation from the control room, as
discussed in Section 6.2.5.2.4. Instrumentation for the purge subsystem consists
of a flow controller for the purge line to the annulus exhaust filters. A high

flow alarm on the purge line alerts the operator to the high flow conditicn.

All lines in the system that connect the drywell with the containment vessel have
isolation valves which close automatically on LOCA rignal. Manual initiation and
test operation is overridden by the LOCA signal. During normal plant operation,

these isolation valves are clesed. The hydrogen recombiners do not require any
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instrumentation inside the drywell or containment for proper operation after a
LOCA. A thermocouple readout instrument is provided in the control complex for
convenience in test and periodic checkout of the recombiner. A controller is
operated from the control complex to regulate the power supply to the recombiner.
Proper recombiners operation after an accident is determined by monitoring a

watt-meter in the control complex.

Design details of the combustible gas control system instrumentation and controls

are discussed in Section 7.3.
6.2.6 CONTAINMENT LEAKAGE TESTING

This secticn presents the testing program for determination of the primary
reactor containment integrated leakage rate (Type A tests), primary containment
penetration leakage rates (Type B tests), and primary containment isolation valve
leakage rates (Type C tests) that complies with 10 CFR 50 Appendix A and
ANSI/ANS-56.8(2O). Testing requirements for piping penetration barriers and
valves have been established using the intent of Appendix J to 10 CFR 50.
Exceptions taken to Appendix J for Type A, B, or C tests are described and
justified in Tables 6.2-40 and 6.2-41. This section also presents the testing
program for determination of the drywell integrated leakage rate. The integrated

leak rate test system is shown in Figure 6.2-65.

Periodic Type A, B, and C tests are performed to assure that leakage through the

primary reactor containment and systems and components that penetrate the primary
containment do not exceed allowable leakage rate values as specified in technical
specifications. These periodic tests also assure that proper maintenance and

repairs are performed during the service life of the plant.

6.2.6.1 Primary Reactor Containment Integrated Leakage Rate Test

During the comstruction phase localized leakage testing is employed as described
in Section 3.8 to detect leaks which may affect contaiument integrity or the

results of the initial integrated leak rate test.
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Structural integrity tests of the containment structure and the drywell
substructure, described in Sections 3.8.1 and 3.8.3, must be satisfactorily
completed prior to performance of the preoperational integrated leakage rate

tests.

On completion of censtruction of the primary reactor containment including
installation of all portions of mechanical, fluid, electrical and instrumentation
systems penetrating containment or associated with containment integrity .d
upon satisfactory completion of the structural integrity tests described above
the preoperational containment integrated leakage rate test is perlormed to
verify that the actual containment leakage rate does not exceed the design

limits.

The preoperational integrated leakage rate tests are performed at the design

basis accident pressure (Pa) to determine the measured leakage rate (Lam).

The leakage rate, Lam’ at test pressure, Pa’ shall be less than 0.75 of La'
Other pertinent test data, including test pressures, test duration and definition

of terms are presented in Table 6.2-41.

Prior to the performance of any Type A test, a general inspection of the
accessible interior and extericr surfaces of th: primary containment structures
and components is performed to discover any evidence of structural deterioration
which may affect either the containment structural integrity or leaktightness.
If there is evidence of structural deterioration, the Type A test is not
performed until corrective action is taken in accordance with repair procedures,
nondestructive examinations, and tests as specified in the construction codes
discussed in Section 3.8. Any corrective action taken is reported in accordance
with the requirements of 10 CFR 50, Appendix J. During the period between the
completion of one Type A test and the initiation of the containment inspection
for the subsequent Type A test, repairs are made, if necessary, to assure that

leakage through the containment isolation barriers does not exceed design limits.
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However, during the period between the initiation of the containment inspection
and the performance of a periodic Type A test, no repairs other than structural
repairs or adjustments are made so that the primary reactor containment can be

tested for leakage in as close to the "as is" condition as practical.

The Type A test is conducted using the Absolute Method as described in
Reference 20. Primary containment atmosphere drybulb temperature, dewpoint
temperature (water vapor pressure) and pressure are used .n the leakage rate
calculations. A standard statistical analysis of the data is performed using
linear regression analysis by the method of least squares to calculate the
leakage rate and associated 95 percent confidence interval. The calculated
leakage rate and upper 95 percent confidence limit are reported in accordance

with the requirements of technical specifications.

The quantity and types of sensors associated with the primary containment

integrated leakage rate instrumentation are listed in Table 6.2-42.

Prior to commencement of any Type A test, the following pretest requirements are

met:

a. Closure of containment isolation valves is accomplished by normal operation
and without any preliminary exercising or adjustments (e.g., no tightening
of valve with manual handwheel after closure by valve motor). Valve closure
malfunctions or valve position adjustments necessary to reduce containment
leakage are reported in conjunction with the Type A test final report.

b. The primary reactor containment atmosphere 1s allowed to stabilize for a

period of about four hours after reaching test pressure prior to the start
of the Type A test. The containment coocling system and the chilled water
system are run, as necessary, prior to and during the Type A test to
maintain stabilized containment atmospheric conditions. The containment
atmosphere is considered stabilized when the average rate of change of air
temperature (weighted average) over the last hour does not deviate by more
than 0.5 °F’hr from the average rate of change of air temperature over the

last three hours.



£ Those portions of fluid systems that are part of the reactor coolant
pressure boundary and are therefore open directly to the primary reactor
containment atmosphere under post-accident conditions and become an
extension of the boundary of the primary reactor containment are opened or
vented to the containment atmosphere prior to and during the Type A test.
Portions of closed systems inside containment that penetrate primary
containment and are not relied upon for containment isolation purposes

following a LOCA are vented to the containment atmosphere.

d. All vented systems are drained of water to the extent necessary to assure
exposure of the system primary containment isolation valves to containment

air test pressure.

e. Those portions of fluid systems that penetrate primary containment, that are
external to containment and are not designed to provide a containment
isolation barrier are vented to the outside atmosphere, as applicable, to
assure that full post-accident differential pressure is maintained across

the containment isolation barrier.

f. Systems that are required to maintain the plant in a safe condition during
the Type A test and operable in their normal mode and are not vented. The
measured leakage rates (Type C) for containment isolation valves in these
systems are reported in the Type A test final report. Refer to Table 6.2-40

for the systems in this category.

g. Systems that are normally filled with water and operating under post-
accident conditions are not vented. All systems will be vented for the

Type A test except those identified as "non-vented" in Table 6.2-40.

Upon completion of the Type A test, a verification test is performed to confirm
the accuracy of the integrated leakage rate instrumentation. The verification
test is accomplished by imposing a known leak on the containment through a

calibrated flow measurement device. The difference between the composite test
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leakage rate, Lc’ and the imposcd leakage rate, Lo’ is compared with the original
leakage rate. Complete descriptive details are found in appendix C of ANSI
N 45.421),

specifications.

Verification test acceptance criteria is given in technical

1f, during a Type A test (including the verification test), excessive leakage
paths are identified which interfere with satisfactory completion of the test, or
which result in an irtegrated leakage rate in excess of the acceptance criteria,
the Type A test is terminated until repairs and/or adjustments can be made. When
repairs and/or adjustments are completed the Type A test is performed and tne

repairs and/or adjustments documented in the final report.
If any Type A test fails to meet the acceptance criteria, the test schedule
applicable to subsequent Type A tests will be modified as described in technical

specifications.

0.2.6.2 Containment Penetration Leakage Rate Test

Containment penetrations whose design incorporates resilient seals, guskets, or
sealant compounds; air locks and lock door seals; equipm at and access hatch
seals; and electrical penetrations receive preoperational and periodic Type B
leakage rate tests in accordance with 10 CFR 50, Appendix J. A list of all

containment penetrations subject to Type B tests is provided in Table 6.2-40.

All Type B tests are performed at containment design basis accident pressure, Pa,
as defined in Table 6.2-41. The acceptance criteria is given in technical

specific-ions. Test methods are described in Section 6.2.6.3.

For the containment personnel locks, the lock design incorporates provisions for
testing between the door seals and between the doors (refer to Figure 6.2-66).

The provisions are:
a. Testing of Annulus between Seals

An automatic leak rate monitor is connected to the seal test point on the
inner door and outer door of each air lock. The monitors are supplied with

instrument air and upon activation of the door interlock switch, the test
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cycle begins by pressurizing the cavity between the door seals to the preset
pressure. At the preset pressure the automatic sequence will proceed to the
test mode and indicate a pass or fail condition. This result is remotely

displayed as an alarm in the control room. After the test cycle the monitor

automatically shuts down and resets for the next test.

b. Overall Lock Pressure Test
A test connection has been provided on the outer face of each bulkhead. The
entire lock interior can be pressurized and the leakage monitored to

calculate the overall lock leakage.

Both tests are run at a pressure of Pa' Four test bars are provided to keep the

inner door sealed during the overall lock test.

6.2.6.3 Containment Isolation Valve Leakage Rate Tests

Those containment isolation valves which are Type C tested in accordance with 10
CFR 50, Appendix J, are listed in Table 6.2-40.

Type C (and B) tests are performed by local pressurization using either the
pressure-decay or flowmeter method. The test pressure is applied in the same
direction as that when the valve would be required to perform its safety
function, unless it can be shown that results from tests with pressure applied in
a different direction are equivalent or more conservative. For the pressure
decay method, the test volume is pressurized with air or nitrogen to at least Pa'
The rate of decay of pressure of the known test volume is monitored to calculate
leakage rate. For the flowmeter method, the required test pressure is maintained
in the test volume by making up air, nitrogen, or water (if applicable) through a
calibrated flowmeter. The indicated flow rate is the isolation valve (or Type B

test) leakage rate.

All isolation valve seats which are exposed to containment atmosphere subsequent
to a LOCA are tested with air or nitrogen at containment peak accident pressure,
Pa’ as defined in Table 6.2-41.
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Those valves which are in lines designed to remain filled with a liquid for at
least 30 days subsequent to a LOCA are leakage rate tested with that liquid. The
measured liquid leakage is not converted to equivalent air leakage nor added to
the Type B and C test total. However, if the liquid contains radioactive
contaminants that may become airborne, then a factor shall be applied to the
liquid leakage to determine the airborne fraction. That fraction is added to the
Type B and C test total. Isolation valves tested with liquid are identified in

Table 6.2-40.

The acceptance criteria for leakage through all penetrations and isolation valves

subject to Type B and C tests are given in technical specifications.

6.2.6.4 Scheduling and Reporting of Periodic Tests

The periodic leakage rate test schedules for Type A, B, and C tests are given in

technical specifications.

Type B and C tests may be conducted at any time during normal plant operations or
during shutdown periods as long as the time interval between tests for any
individual Type B or C test does not exceed the maximum allowable interval
specified in technical specifications. Each time a Type B or C test is completed
the overall total leakage rate for all required Type B and C tests is updated to
reflect the most recent test results. Type A, B, and C test results are

submitted to the NRC after each test.

6.2.6.5 Special Testing Requirements

6.2.6.5.) Drywell Leakage Rate Test

Following the drywell structural integrity test described in Section 3.8.3, a
preoperational drywell leakage rate test is performed at drywell design pressure.
Subsequently, periodic drywell leakage rate tests are performed at a reduced
pressure as defined in technical specifications. The reduced pressure tests
verify that drywell to containment leakage does not exceed the allowable
suppression pool bypass limits specified in technical specifications. The

combination of the design pressure and reduced pressure leakage rate tests also
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verifies that the drywell will perform adequately for the full range of
postulated primary system break sizes. The allowable drywell leakage rate, Ld,
is 10 percent of the allowable bypass leakage for the small break accident with
containment spray (10% of i/ yi7= .10(1.68) = .168).

Drywell leakage rate tests are performed with the drywell isolation valves and
system lineups in their post accident position. Any paths for equalizing drywell
and containment pressure open during the Type A test are isolated. The
containment air space external to the drywell is vented to atmosphere or to the

annulus.

Preoperational drywell tests are performed as late as is practical in the
construction sequence, but prior to initial operation. For these tests the upper
containment pool is filled to normal water level; the suppression pool is left
dry so the horizontal vents can be plugged as required to achieve design

pressure.

After preoperational testing is satisfactorily completed, the drywel! vent plugs
can be removed and the suppression pool filled. All subsequent periodic tests
are conducted at a reduced pressure (less than that required to bubble drywell

air through the top row of vents).

For all of the above tests the drywell atmosphere is allowed to stabilize for one
hour after attaining test pressure. When the steady state conditions are
achieved the drywell leakage rate is determined by metering the makeup air flow
required to maintain the constant test pressure. Test pressure, duration and
acceptance criteria are specified in technical specifications. Periodic drywell
leakage rate tests are performed at the nlervals specified in technical

specifications.

The maxinum allowable leakage rate into the annulus and the means to verify that
the rate has not been exceeded and the bypass leakage rate is discussed in
Section 6.2.4.
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6.2.7 SUPPRESSION POOL MAKEUP SYSTEM

Following a LOCA, the suppression ool makeup system provides water from the
upper containment pool to the suppression pool by gravity flow. The quantity of
water provided is sufficient to account for all conceivable post accident
entrapment volumes (i.e., places where water can be stored while maintaining long

term drywell vent water coverage.)

6.2.7.1 Design Bases

The following criteria were used in the design of the suppression pool make-up

system:

a. The system is redundant with two 100 percent capacity lines. The redundant
lines are physically separated and all electrical power and control is

separated into two divisions in accordance with [EEE Standard 279.

b. The system is Safety Class 2, Seismic Category I.

s The minimum long term postaccident suppression pool water coverage over the

top of the top drywell vent is two feet.

d. The minimum normal operation low water level (LWL) suppression poecl height

above the top drywell vent center line is seven feet.

e. The maximum normal operation high water level (HWL) suppression pool height

above the top drywell vent center line is 7'-3-1/2".

£ The suppression pool volume, between normal LWL and the minimum post
accident pool level, plus the makeup volume from the upper pool is adequate
to supply all possible postaccident entrapment volumes for suppression pool

water, and keep the suppression pool at an acceptable water level.
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The postaccident entrapment volumes causing suppression pool level drawdown

include:
%5 The free volume inside and below the top of the drywell weir wall.
2. The added water volume needed to fill the vessel from a condition of

normal power operation to a postaccident complete fill of the vessel

including top dome.

5 Volume in the steam lines out to the first MSIV for three lines and out

to the second MSIV on one line.

4. An allowance for containment spray hold up on equipment and structural

surfaces.

No credit for feedwater or HPCS injection from condensate storage is taken

in calculating minimum postaccident suppression pool level.

The minimum freeboard distance from suppression pool HWL to the top of the
weir wall is adequate to store the upper containment pool makeup volume
without flooding into the drywell over the weir wall in case of an

inadvertant dump of the upper pool.

The minimum normal operation suppression pool volume at LWL is adequate to
act as a short term energy sink without taking credit for upper pool dump.
The short term energy load on the pool shall consist of hot standby
operation for 1-1/2 hours followed by a LOCA.

The long term containment pressure and suppression pool temperature takes

credit for the volume added postaccident from the upper containment pool.

The system gravity dump time through one of the two redundant lines is less
than or equal to the minimum pump time; pump time is determined by dividing
pumping volime (upper pool makeup volume plus volume in the suppression pool
stored between LLWL and minimum top vent coverage) by the total maximum

runous flow rate from all five ECCS pumps.
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$.2.7.2 System Design

The piping system consists of two lines which penetrate the separator storage
section of the upper containment pool through the side walls. One line is
located on either side of the separator pool. From there, each line is routed
down to the suppression pool on opposite sides of the steam tunnel. The
elevation of the separator pool penetrations is such as to limit the volume of
water which can be dumped to the lower pool. This volume limitation along with
adequate weir wall freeboard insures that no excessive drywell flecoding over the
weir wall will occur for inadvertant opening of the valves on the suppression

pool make-up lines.

The volume of the upper containment pool, which is available for suppression pool
makeup, is equivalent to the volume of an 8.33 foot thick slice across the entire
upper pool surface area plus the separator pool volume between the top of the
separator wall and the make-up system penetration to the upper pool. This
requires that the refueling gate leading to the dryer storage/fuel transfer pool

be removed during power operation.

Each suppression pool makeup line has two normally closed valves in series. The
valves on one line are on the same electrical division. Valves on the other line
are on a different electrical division. All valves are powered from an on-site

emergency power source which has divisional separation and redundancy.

The upper pool is dumped by gravity flow after opening the twc normally closed
series valves in each line. The valves on both lines receive divisionally
separate but simultaneous signals to open. The open signal for each division is
derived from either of two suppression pool level sensors. There are a total of
four level sensors, two per division. There is also a series permissive signal
permitting valve opening only when the LOCA signal exists. This LOCA signal is
the same signal which actuates the ECCS pumps. This combination provides high
reliability that the upper containment pool will be dumped when required but not

dumped inadvertant'y by spurious signals.
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The dump of the upper pool on low-low suppression pool level ensures adequate
water volume o keep the suppression pool vents covered for all break sizes. In
addition to the suporession pool level dump signal, the upper pool will also be
dumped automatically from a timer set for LOCA + 30 minutes. This upper pool
dump at 30 minutes postaccident insures that adequate heat sink is available long

term regardless of break size or energy dump sequence.

The suppression pool makeup system will always operate following a DBA-LOCA as
long as only one similtaneous equipment failure or operator error is postulated
to occur. The suppression pool makeup system is specifically designed with
redundant piping, valves, and instrumentation to preclude failure to operate
given a DBA-LOCA and any single equipment failure or operator error (see Figure

6.2-67). Each of the two dump systems is independent and safety class.

The two series valves on each of two makeup system dump lines are located above
the top of the drywell and outside the range of pool swell effect. The end of
the p.pe will terminate at approximately elevation 605'-4" which provides an
unobstructed free fall to the suppression pool. Pool level transmitters are

located in the auxiliary building, protected from suppression pool dynamic

effects.
6.2.7.:3 Design Evaluation
D273 Initiation

The opening of the makeup system valves is signaled by a series combination of
low-low suppression pool level and a LOCA signal permissive (further discv=sion
in Section 6.2.7.2). The low-low level signal is 18 inches below the normal LWL.
Since maximum ECCS pump flow lowers the suppression pool at a rate of
approximately .88 feet per minute, there is a minimum 1-1/2 minute delay between
start of ECCS flow and dumping of the upper pool. The delay is actually 1-2
minutes longer than this because vessel inventory mass is added to the
suppression pool during blowdown steam condensation. This built-in volume
integrated delay assures that the drywell pressure transient due to vessel
blowdown has ended prior to dumping of the upper pool and corresponding increase

of vent submergence.
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The makeup system dump valves can also be signalled to open by a LOCA signal in
series with a 30 minute timer where the timer itself is started by the LOCA
signal. This path of initiation logic is independent of suppression pool level
and is specifically directed towards insuring that the combined upper pool and
suppression pool volumes are available as a heat sink for "small" breaks which do
not lower the suppression pool to the LLWL trip but continue to dump vessel
blowdown energy into the pool. The minimum suppression pool volume, withuut
upper pool dump is adequate to meet all heat sink requirements for any
combinition sequence of vessel blowdown energy and decay heat energy out to

30 minutes.

A pool dump initiated from the LOCA + 30 minute timer could result in higher vent
submergence than the initial maximum of 7'-3-1/2". This is no problem in terms
of pool swell since all the air would have been purged out of the drywell by the
small break flow and only a small steam suppression pool vent flow would persist
out to 30 minutes. Note that action of the drywell vacuum breakers which might
reintroduce air into the drywell prior to 30 minutes postaccident will occur only
after complete vessel depressurization and drywell steam condensation on the
"cold" ECCS break overflow of a relatively large break. The hypothesized high
vent submergence would also have no effect on peak drywell pressure since the
high submergence would only occur during small break flow events and after

suppression pool vent clearing had already been established.

6.2.7:.3.2 Flow

The suppression poel makeup volume is dumped in less than 8.67 minv*es through
one of two lines. The valves on the suppression pool makeup lines are fully open

within 30 seconds of opening signal application.

§:i4:7:3:3 Inadvertent Dump

The design of the opening signal circuitry for the suppression pool make-up
valves assures high probability that no inadvertant dump will occur. The

suppression pool level signal (LLWL) to open the valves is in series with a

permissive which only allows the open signal to pass through when a LOCA signal
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. exists on that division. Only a simultaneous signal of either suppression pool
LLWL combined with LOCA, or LOCA with a 30 minute time delay will open both
valves to allow gravity drain of the upper pool to the suppression pool. Even
manual action is incapable of opening both series valves unless the plant is in
the shutdown mode or a LOCA permissive signal exists. The LOCA signal plus the
timer signal after 30 minutes would dump the upper pool. However, the LOCA
signal itself is a one out of two twice combination of high drywell pressure and
low vessel water level (see Figure 6.2-68) and a double failure is required to

give a spurious LOCA signal.

There are four levei sensors indicating suppression pool water level with two
sensors per electrical division. The two level sensors in one division are
paralleled so that either sensor will initiate suppression pool makeup flow
(pending LOCA permissive) from the makeup line whose series valves are on the
same electrical division as the level sensors. Level sensors on one electrical

division cannot initiate flow from the makeup line where valves are in a separate

e¢lectrical division.

There is a remote possibility that a single failure of a suppression pool level
sensor and a concurrent LOCA event could initiate suppression pool makeup flow
from one line such that the makeup flow started at the instant of LOCA. The flow
from one makeup line will raise the suppression pool level at a rate of .75 feet

per minute following full opening of the valves which normally prevent flow.

For a large break DBA, the peak drywell pressure occurs at about 1 second after
the break with the pressure being reduced to the steady flow submergence of the
top vent by about 30 seconds. Any pool swell associated loading would occur
during the first few seconds while drywell air purge is taking place. Thus, the
structural loading which would occur following a DBA would occur prior to any
significant flow of water from a makeup line which was erroneously signalled to

open at the same instant as the DBA.

The peak structural loadings associated with breaks smaller than the DBA are all

less than the DBA case and only slightly extended in time. The drywell pressure

. tor all size breaks is reduced to steady flow top vent submergence by one minute
atter the break.




The concli sion is thus that there is no increase in maximum structural loading
due to a 7CA when an erroneous signal to initiate suppression pool makeup flow

occurs at the instant of LOCA.

An inadvertent dump of the upper pool during any period of plant operation with a
pressurized vessel does not represent, in and of itself, any hazard to the
public, the plant operating personnel or any plant equipment. The drywell weir
wall has sufficient freeboard height between the suppression pool surface and the
top of the weir wall to store the upper pool makeup volume on top of the normal
suppression pool HWL without flooding over the weir wall into the drywell. The
dumped upper pool makeup volume can be transferred back to the upper pool through
the RHR pumps with a 20 minute pumping time, thus restoring the initial

suppression pool water level.

No fuel is stored in the upper pool during plant operation, therefore shielding
is no issue for this case. Fuel can be temporarily stored in one end of the
upper pool during fuel transfer as part of the refueling operation. This
temporary storage pool has sufficient depth that adequate shielding is maintained
over the fuel even following inadvertant dump of the upper pool makeup volume to
the suppression pool. The separator storage wall limits the water height drop
over the temporary storage pool to an 8.33 foot change. This would leave
approximately 20 feet of shielding over the top of active fuel temporarily stored

even after inadvertant dump.

The only inadvertant dump event which represents a possible hazard to plant
operating personnel is a dump event which occurs while fuel is in an elevated
position, such as for transit between the reactor cavity and the fuel transfer
pit. An 8.33 foot upper pool level drop with one bundle in the highest position
leaves less than one foot of water shielding over top ci active fuel. This is
adequate for bundle cooling. Radiation alarms at the top of the upper pool would
warn plant operating personnel to evacuate from the edge of the pool if a
tadiation problem occurs. Several minutes would be available for personnel to
step to a safe shielding area out of line of sight of the suspended fuel bundle
which is nine feet below the operating floor. The valve initiation logic is
designed with interlocks so that neither automatic nor manual action can open the

suppression pool make~up valves while the plant 1s in the refueling mode.
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6.2.7.4 Tests and Inspections

The suppression pool makeup valves will be manually tested periodically, one at a
time, during plant power operation. An interlock prevents this manual testing
unless the other valve in series on the same line is closed. The test will
verify that the valve will open and close. Also, instruments will be

periodically tested and inspected.

Preoperational testing will include a complete flow test of the system including
a timed dump of the required makeup volume. Similar flow testing could be
performed at any plant shutdown outage; however, the need for such testing occurs

only a few times in the plant lifetime.

6:2:7.5 Instrumentation Requirements

Suppression pool water level sensors provide a signal to open the suppression
pool makeup system valves. Four level instruments, two in each division, are
provided. These instruments are the same analog instruments which measure normal

water level variation with an extended range for LLWL. (See Section 7.3.1.)

A level indication for the upper pool is also provided to alert the plant
operating personnel if the level drops below that needed for the makeup volume.
Level in the upper pool is normally maintained by a continuous overflow of level

control weirs. The level is expected to stay constant during plant power

operation.

The upper pool and suppression pool temperature are monitored to ensure that the
temperature does not exceed technical specification values. This ensures

adequate heat sink capability of the suppression pool water both short and long

term.
Administrative procedures ensure that the fuel transfer gate is not in place

while the reactor is in the RUN mode. This gate is left open during plant

operation where suppression pool make-up from the upper pool might be required.
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A functional control diagram frr the suppression pool makeup system is presented

in Section 7.7%.
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TABLE 6.2-1

KEY DESIGN AND MAXIMUM ACCIDENT PARAMETERS FOR

PRESGLR} QUPPRFSSION CONTAINHENT

Maximum
Design Calculated
Parameter Value Accident Value
Containment Pressure, psig 15 12.0
Containment Temperature, °F 185 184.6
Drywell Pressure, psig 30 22.1
Drywell Temperature, °F 330 330
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TABLE 6.2-2

CONTAINMENT DESIGN PARAMETERS

Drywell Containment
Drywell and Containment

Negative Design Pressure, psig ~21.0 -0.8
Positive Design Pressure, prig 30 15
Design Temperature, °F 330 185
Net Free Volume, ft° 277,685 1,141,014
Design Leak Rate 100%/6hrs@3psig 0.2%/day
Maximum Allowable Leak Rate 100%/6hrs@3psig 0.2%/day
Suppressiog Pool Water
Volume, ft

Low Level 11,158 105,950

High Level 11,395 108,750
Suppression Poul Surface
Area, ft 482 5,900
Suppression Pool Depth, ft

Low Level 18.0 18.0

High Level 18.5 18.5
Upper Pool Makeup Volume, f:3 - 32,830
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TABLE 6.2-2 (Continued)

Containment

Vent System

Number of Vents 120
Nominal Vent Diaweter, ft 2.29
Total Vent Area, itz 495

Vent Centerline Submergence (low level), ft

Top Row 7
Middle Row 1.5
Bottom Row 16

ent Loss Coefficient (varies with number
of vents open) s 8 I
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TABLE 6.2-3

ENGINEERED SAFETY FEATURE SYSTEMS

PERFORMANCE PARAMETERS FOR CONTAINMENT RESPONSE ANALYSES

Containment Spray
Number of RHR Pumps
Number of Lines
Number of Heaters

Flow Rate, gpm/pump

Containment Cooling System

Number of RHR Pumps
Pump Capacity, gpm/pump

RHR Heat Exchangers

Type

Number

Heat Transfer Area,ft2/unit
Overall Heat Transfer
Coefficiept,

Btu/hr=-ft =°F/unit

Service Water Flow
Rate, gpm/unit

Service Water ‘emperature,®F
Minimum Design
Maximum Design
Containment Heat Removal
Capability (using 80°F
service water and 185°

pool temperature)
Btu/hr/unit

Full
Capacity

5250

7100

Containmert Analysis Value

Case A

7100

Case B

71C0

Inverced U-tube, single pass shell,
multipress tube, vertical mounting

2

14,850

200

7300

32

80

166. 4x10°
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TABLE 6.2-4

ACCIDENT ASSUMPTIONS AND INITIAL CONDITIONS FOR
CONTAINMENT RESPONSE ANALYSES

Components of Effective Break_éfgg
(recirculation line break), ft

Recirculation Line 2.127

Cleanup Line 0.062

Jet Pumps 0.461
Primary Steam Energxrbistribution(l), 106 Btu

Steam Energy 25.59

Liquid Energy 122.3

Sensible Energy

Reactor Vessel 98.25
Reactor Internals (less core) 40.49
Primary System Piping 45.40
Fuel (2) 7.2

Other Assumptions Used in Analysis

Main Steam Closure Time, sec

Recirculation Break 3.9
Main Steam Line Break 3D
Scram Time, sec <1
NOTES:
[ All energy values, except fuel, are based upon a 32°F datum.

- Fuel energy is based upon a datum of 285°F.
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TABLE 6.2-5

INITIAL CONDITIONS EMPLOYED IN

“CONTAINMENT RESPONSE ANALYSES

(1)

Reactor Power Lev:l, MWt

Average Coolant Pressure, psia

Average Coolant Temperature, °F

Mass of Reactor Coolant System Liquid, lbm

Mass of Reactor Coolant System Steam, 1bm

Volume of Liquid in Reactor Pressure Vessel, ft

Volume
Volume
Volume
Volume

Volume

Drywell and

3

of Steam in Reactor Pressure Vessel, ft3

of Liquid in Recirculation Loops, ft3

of Steam in Steam Lines, ft3

of Liquid in Feedwater System, ft3

of Liquid in Miscellaneous Lines, ft3

Containment

Pressure, psig

Air Temperature, °F

Relative Humidity, %

Suppression Pool Water Temperature, °F

Suppression Pool Water Volume, ft

3

Top Row Vent Centerline, ft
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135
40

90
8,680

7.0

3,651
1,040
549
544,540
21,530

11,838.3

9,189.2
742
1,454
24,303
84

Containment
0
90
50
90
105,950

7.0



TABLE 6.2-5 (Continued)

Drywell and Containment (Cont'd)

Dryweil Containment
Upper Pool Water Temperature, °F - 100
Upper Pool Makeup Water Volume, ltj - 32,830
NOTE :
N, Reactor coolant system at 102 percent of rated power and

normal liquid levels.



TABLE 6.2-6

SUMMA™Y OF SHORT TERM CONTAINMENT RESPONSES TO
RECTRCULATION LINE AND MAIN STEAM LINE BREAKS
(MINTMUM ECCS)

Recirculation Main Steam
_Line Break Line Break
Peak Drywell Pressure, psig 21.26 22.1
Peak Drywell Differential Pressure, psid 20.26 21.05
Time of Peak Pressure, sec 1.89 1.8
Peak Drywell Temperature, °F 248.8 324
Peak Wetwell Pressure, psig 9.82 10.36
Time of Peak Wetwell Pressure, sec 462.5 691.6
Peak Suppression Pool Temperature
during Blowdown, °F 155.8 157.8
Calculated Drywell Margin, % 29 . 26.32
Energy Released to Contaigment at
Time of Peak Pressure, 10° Btu 9.0 9.0
Energy Absorbed by Passive Hgat Sinks
at Time of Peak Pressure, 10 Btu 0 0
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TABLE 6.2-7

SUMMARY OF LONG TERM CONTAINMENT RESFONSES TO

'RECIRCULATION LINE OR MAIN STEAM LINE BREAK

Case A Case B
Peak Containment Pressure, psig 8.58 11.31
Time of Peak Containment Pressure, sec 4,167 11,128
Peak Suppression Pool Temperature, °F 170.5 184.6
Calculated Containment Margin, % 42.8 24.6
HPCS Flow Rate, gpm 6,000 6,000
LPCS Flow Rate, gpm 7,100 7,100
RHRS Flow Rate, gpm 14,200 7,100
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TABLE 6.2-8

ENERGY BALANCE FOR
MAIN STEAM LINE BREAK ACCIDENT

Energy
Initial Drywell fnd of Long Term Peak
(time zero) Peak Pressure Blowdown Wetwell Pressure

Reactor Coolant 7.5+8 7.348 1.5%] 2.0+8

Fuel and Cladding

Fuel 7.2+6 7.246 0 0
Cladding 3.4+6 3.446 1.7+6 1.7+6
Core Internals 1.048 1.0+8 8.7+7 3.4+7
Reactor Vessel Metal 9.1+47 9.1+7 717 3.1%7
Reactor Coolant System Included ia "Core Internals', above.
Piping, Pumps, and
Valves
Blowdown Enthalpy
Liquid \ 9.145 9.2+8 9.248
Steam 0 9.0+6 1.448 1.4+8
Decay Heat 0 2.8+6 8.0+7 7.4+48
Metal-Water
Reaction Heat 0 1.4+4 1.6+6 1.6+46
Drywell Structures 0 0 0 0
Drywell Air 1.8+6 2.1+6 1.240 1.3+6
Drywell Steam 8.4+5 1.0+7 2.1¢%)} G.0+6
Containment Air 7.6+6 7.7+46 1.0+7 9.5+6
Containment Steam 1.3+6 2.5+6 1.5¢7 2.6+7
Suppression Pool
Water 5.6+48 5.6+8 1.249 1.2+9
Energy Transferred
by Heat Exchangers 0 0 0 3.948
Passive Heat Sinks 0 0 0 0
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TABLE 6.2-9

ACCIDENT CHRONOLOGY FOR
MAIN STEAM LINE BREAK ACCIDENT

Time (sec)

All ECCS Minimum ECCS
Event in Operation Available
First Row Vent Cleared 0.897 0.897
Second Row Vent Cleared 1.104 1.104
Third Row Vent Cleared 1.511 1.511
Drywell Reaches Peak Pressure 1.8 1.8
Maximum Positive Differential
Pressure Occurs 1.8 1.8
Initiation of ECCS Operation 30 30
Third Row Vent Recovered 32 32
Second Row Vent Recovered 53 53
Ena of Flowdown 322 416
Reactor Pressure Vessel Reflooded 309 696
First Row Vent Recovered 730 730
Initiation of RHR Heat Exchanger
Operation 1,980 1,980
Containment Peak Pressure Reached 4,167 11,128
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TABLE 6.2-10

AVAILABLE CONTAINMENT HEAT SINKS

Surface

[tem Volume (ft”) Area (ft”) Material
Drywell Structures 71,769 4,268 Concrete
Containment Shell 8,317 66,539 Steel
Miscellaneous Steel Structures

and Equipment 2,337 126,641 Steel
fiscellaneous Concrete

Structures 153,898 30,870 Concrete
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6C1-279

Control
Volume
_No.
1 Volume
2 Volume
3 Vo lume
“ Volume
5 Vo lume
6 Volume
7 Volume
B Volume
9 Volume
10 Volume
11 Vo lume
12 Volume
13 Volume
14 Volume
15 Volume
16 Volume
17 Volume
18 Volume
19 Volume
20 Volume
21 Vo lume
i Ve lume
23 Vo lume
24 Vo lume
25 Volume
26 Vo lume
27 Volume
28 Volume
29 Volume
NOTE:

Description

1 = Level 1
2 - Level 1
3 - Level 1
4 - Level 1
5 = Level 1
6 - Level 2
7 = Level 2
8 - Level 2
9 - Level 2
10 - Level 2
11 - Level 3
12 - Level 3
13 - Level 3
14 - Level 3
15 - Level 3
16 Level 4
17 - Level 4
18 - Level &4
19 - Level 4
20 - Level 4
21 - Level 4
22 - Level 4
23 - Level 4
24 - Drywell
25 - Blowdown Node
26 - Level 5
27 - Level 5
28 - Level 5
29 - Level 5

With respect to drywell.

RECIRCULATION SUCTION LINE BREAK WITH FLOW DIVERTER

Height Vol
(ft) (f:!'
5.81 91.56
8.71 138.46
8.71 142.96
8.71 205.13
8.71 212.717
5.81 82.56
8.71 128.13
8.71 132.63
8.71 195.00
8.71 210.31
6.875 100.64
6.875 112.45
6.875 112.45
6.875 166.72
6.875 174.59
6.925 147.00
6.925 158.88
6.925 166.76
6.925 174.57

13.66 297.69

13.66 325.4)

13.66 316.20

13.66 344.37

90.00 139,000.0
5.80 71.48
6.50 188.25
6.50 178.42
6.50 178.42
6.50 188.25

TABLE 6.2-12

REACTOR ANNULUS

SUBCOOLED LIQUID BLOWDOWN

Volume

Flow Qrea

_(fe7)

Bottom Initial Conditions Calcula
Elevation Temperature  Pressure Peak AP
(ft) __n (psia) Quality (psid)
6.83 212.0 14.696 0.926 22.43
6.83 212.0 14.696 0.926 16.17
6.83 212.0 14.696 0.926 15.61
6.83 212.0 14.696 0.926 17.64
6.83 212.0 14.696 0.926 17.49
18.44 212.0 14.696 0.926 19.69
15.54 212.0 14. 696 0.926 17.10
15.54 212.0 14.696 0.926 16.76
15.54 212.0 14.6%96 0.926 17.18
15.54 212.0 14.696 0.92¢6 17.39
24.25 212.0 14.696 0.926 16.41
24.25 212.0 14.696 0.926 16,21
24.25 212.0 14.696 0.926 13.67
24.25 212.0 14.696 0.926 16.74
24.25 212.0 14.696 0.926 16.87
31.125 212.0 14.696 0.926 18.82
31.125 212.0 14.696 0.926 15.82
31.125 212.0 14.696 0.926 16.05
31.125 212.0 14.696 0.926 15.67
38.05 212.0 14.696 0.926 15.16
38.05 212.0 14.696 0.926 15.04
38.05 212.0 14.696 0.926 14.89
38.05 212.0 14.696 0.926 14.78
0.0 212.0 14.696 0.52 -

12.64 212.0 14.696 0.926 29.26
51.71 212.0 14.696 0.926 15.11
51N 212.0 14.696 0.926 14.99
51.71 212.0 14.696 0.926 14.76
51.75 212.0 14.696 0.926 14.72






1€1=-2°9

Control

Volume
No.
&l Volume
42 Volume
43 Volume
Lh Volume
&5 Volume
46 Ve lume
&7 Volume
48 Volume
49 Vo lume
50 Volume

NOTE:

3

41
&2
A

e
45
46
47
48
49
50

Description

Level 6
Level 6
Level 7
Level 7
Level 7
Level 7
Level 7
Level 7
Level 7
Drywell

With respect to drywell.

o

corrOrONON N

212

155.

102

147.
204.
212.
219.
186.

148

278,000

Voluge
H:,!

-1
98
&3
39
82
32
86
82
.79

Volume Bottom

Flow jrea Elevation
(£25) (fr)
17.33 43 .88
17.33 43.88
16.93 50.38
25.39 50.38
33.86 50.38
33.86 50.38
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