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6.0 ENGINEERED SAFETY FEATURES

This Chapter is organized as follows:
A. Section 6.0 - Identification of engineered safety features;
B. Section 6.1 - Engineered safety feature materials;
C. Section 6.2 - Containment systems;
D. Section 6.3 - Emergency core cooling systems;
E. Section 6.4 - Habitability systems;
F. Section 6.5 - Fission product removal and control systems; and

G. Section 6.6 - Inservice inspection of Class 2 and 3 components.

6.0 Identification of Engineered Safety Features

Section 6.0 is the complete listing of engineered safety feature (ESF) systems, structures, and
components. Discussion of a system, structure, or component elsewhere in Chapter 6 does not imply
classification as an engineered safety feature. Conversely, systems listed in Section 6.0 but not
described elsewhere in Chapter 6 are classified as ESFs, even though the detailed discussion of the
system, structure, or component is in another UFSAR chapter.

This section describes the functional requirements and performance characteristics of the ESFs,
which have been provided in addition to those safety features included in the design of the reactor,
reactor coolant system, reactor control systems, and other instrumentation or process systems
described elsewhere in this report. These ESFs are included in the plant for the purpose of reducing
the consequences of postulated accidents. The following ESFs have been provided:

A. Containment systems;

B. Emergency core cooling systems;
C. Standby coolant supply system;
D

. Main steam line flow restrictors;

E. Control rod velocity limiter;

=

Control rod housing support;

G. Standby liquid control system;

6.0-1
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H. Containment atmospheric control system;
I. Reactor protection system; and

J. Isolation condenser.

6.0.1 Containment Systems

The containment systems consist of the primary containment system and the secondary containment
system. The performance objectives of the primary containment system are to provide a barrier
which, in the event of a loss-of-coolant accident (LOCA), will control the release of fission products to
the secondary containment and to rapidly reduce the pressure in the containment resulting from a
LOCA. The performance objectives of the secondary containment system are to minimize ground-
level release of airborne radioactive materials and to provide for controlled, elevated release of the
reactor building atmosphere under accident conditions through the use of the standby gas treatment
system (SBGTS). The containment systems are described in Section 6.2. Section 15.6 discusses the
LOCA.

The containment isolation system provides protection against the consequences of an accident
involving the release of radioactive materials from the reactor coolant pressure boundary by
automatically isolating fluid lines which penetrate the containment wall. Sections 6.2.4 and 7.3.2
contain a description of the primary containment isolation system. Section 6.2.3 describes the
secondary containment system.

The SBGTS removes radioactive contamination from the air in the secondary containment using a
high efficiency particulate air (HEPA) and an activated charcoal filter system. The air is then
discharged to the environment through the 310-foot chimney. The SBGTS can also be manually
aligned to treat the air inside the primary containment. The SBGTS is described in Section 6.5.

6.0.2 Emergency Core Cooling System

The emergency core cooling system (ECCS) is automatically placed in operation whenever a loss-of-
coolant condition is detected. The subsystems contained in the ECCS are the core spray, low
pressure coolant injection (LPCI)/containment cooling, high pressure coolant injection (HPCI), and
automatic depressurization (ADS) systems. The core spray and LPCI systems are designed for low-
pressure operation, whereas the HPCI and ADS systems are designed for high-pressure operation.
The containment cooling system is a separate function of the ECCS and is designed to remove heat
from the containment, reduce the containment pressure and restore suppression pool temperature
following a LOCA. The containment cooling system is described in Section 6.2.2, the ECCS is
described in Section 6.3, and the LOCA is discussed in Section 15.6.

6.0-2



DRESDEN - UFSAR Rev. 7
June 2007

6.0.3 Standby Coolant Supply System

The standby coolant supply system is a crosstie between the station service water and the condenser
hotwell of each unit. It supplies water to maintain feedwater flow to the reactor in the event the
water is needed for core flooding or containment flooding following a postulated LOCA. The crosstie
is supplied with double valves to minimize leakage of river water to the condenser. The system is
manually operated from the control room. The standby coolant supply system is described in Section
9.2.8. The LOCA is discussed in Section 15.6.

6.0.4 Main Steam Line Flow Restrictors

The main steam line flow restrictor is a simple venturi, welded into each main steam line, for the
purpose of limiting the steam discharge through a break in the steam line. The main steam line
break accident is described in Section 15.6. A description of the main steam line flow restrictors is
provided in Section 5.4.4.

6.0.5 Control Rod Velocity Limiter

The control rod velocity limiter consists of two conical elements which restrict the downward fall of
the control rod yet do not retard the upward motion of the control rod during scram. These conical
elements have no moving parts and are attached to the control rod. A description of the control rod
velocity limiter is provided in Section 4.6. The control rod drop accident is analyzed in Section
15.4.9.

6.0.6 Control Rod Housing Support

The control rod housing support is a gridwork located immediately below the control rod housings.
Its purpose is to prevent control rod ejection should the control rod housing fail. A description of the
control rod housing support is provided in Section 4.6.

6.0.7 Standby Liquid Control System

The standby liquid control (SBLC) system fulfills two performance objectives. First, it provides an
additional and independent means of reactivity control and is capable of making and holding the
reactor core subcritical from any hot standby or hot operating condition. The liquid control is a
liquid boron solution which can be injected into the reactor vessel at pressures above the vessel
design pressure at a constant flowrate. A description of the standby liquid control system is provided
in Section 9.3.5. Failure to scram is discussed in Section 15.8.

Second, in the event of a design basis LOCA, the contents of the SBL.C system tanks are injected
into the suppression pool to maintain the pH of the pool at a value greater than 7. This ensures that
the particular iodine deposited into the pool during a DBA LOCA does not re-evolve and become
airborne as elemental iodine. This role of the SBLC system is described in UFSAR 15.6.5.5.
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6.0.8 Containment Atmospheric Control

The primary containment atmospheric control system consists of the vent, purge, and inerting
system; the pumpback system, the nitrogen containment atmosphere dilution (NCAD) system; and
the containment atmosphere monitoring system. The air dilution capability of the atmospheric
containment atmosphere dilution (ACAD) system has been permanently disabled. The ACAD
pressure bleed subsystem has been disabled and the piping has been cut and capped. The primary
means of containment combustible gas control is the inerted containment. The pumpback system is
not used for post-accident consequence mitigation and is not an ESF. Those portions of the CAM
system and the vent, purge, and inerting system which are utilized for post-accident consequence
mitigation are ESFs. The atmospheric control systems are described in Section 6.2.5, and the LOCA
is analyzed in Section 15.6.

6.0.9 Reactor Protection System

The reactor protection system (RPS) monitors reactor operation and initiates a reactor trip upon
detection of an unsafe condition that might cause damage to the reactor fuel or result in the release
of radioactive materials to the environment. It is designed to function following any design basis
accident described in Chapter 15. The RPS is described in Section 7.2.

6.0.10 Isolation Condenser

The isolation condenser provides cooling for the reactor core when the reactor becomes isolated from
the main condenser upon closure of the main steam isolation valves (MSIVs). Closure of the MSIVs
can occur following a loss of offsite power, as described in Section 15.2. The isolation condenser is
backed up by the HPCI system. It is described in Section 5.4.6.
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6.1 ENGINEERED SAFETY FEATURE MATERIALS

Materials used in the Dresden engineered safety feature (ESF) systems are required to withstand
the environmental conditions encountered during normal operation and subsequent to any
postulated accident requiring their operation. The selection of these materials is based on an
engineering review and evaluation for compatibility with other materials to preclude interactions
that could potentially impair the operation of the ESF systems.

Section 6.2.1.2.1.1 discusses materials used in the drywell expansion gap between the steel drywell
liner and the concrete walls.

6.1.1 Metallic Materials

6.1.1.1 Materials Selection and Fabrication

Engineered safety feature systems and components have been evaluated for adequacy of the
materials of fabrication. Since original plant design and construction, several codes and standards
have been revised to incorporate the results of additional research. Revised codes affecting material
selection and fabrication are:

A. Fracture toughness,

B. Quality group classification,

C. Code stress limits,

D. Radiography requirements, and

E. Fatigue analysis of piping systems.

Changes in the areas of quality group classification, code stress limits, and fatigue analysis of piping
systems were determined by the NRC to have little impact on the safety of ESF systems. However,
since a radical change in the fracture toughness test requirements occurred in 1972, and since
radiography requirements compared to available documentation of the inspections actually
performed on certain components indicated a possible discrepancy, a reevaluation of associated
components was performed. The results of this reevaluation are discussed below and tabulated in
Table 6.1-1. Refer also to SEP TOPIC III-1: Classification of Structures, Components, and Systems
(Seismic and Quality) for a discussion of component radiography inspection requirements.

The original specifications indicate that the low pressure coolant injection (LPCI) pump casings, high
pressure coolant injection (HPCI) pump casings, and core spray pump casings were built to ASME
Section III, Class C. The 1965 edition of the code requires impact testing. Also, according to Table
ND-2311-1 of the code, A216, Grade WCB would be exempt from impact testing if the material was
quenched and tempered (ASME Section III allows heat treating but does not require it). The design
temperature range of these pumps is 40°F to 165°F, with normal operating
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temperature around 95°F. Brittle fracture is not a problem in this moderate temperature range.

The original specification indicates that the LPCI heat exchangers (shell side) were built to ASME
Section III, Class C. The 1965 edition of the code requires impact testing. Material specification
A212 has been discontinued and replaced by A515, Grade 70. Fracture toughness at the minimum
heat exchanger service temperature of 51°F has been analyzed and shown to be adequate. Refer to
Section 6.2.2.3.3 for additional details of this evaluation.

The HPCI drain and condensate line piping, fittings, and valves have 5/8-inch or less nominal wall
thickness and are exempt from impact testing. The steam piping is over 6 inches in diameter and has
a 5/8-inch or less nominal wall thickness with the lowest operating temperature exceeding 150°F.
This further exempts this system from impact testing according to ASME Section III, NC 2311a9.

Note that ASME Section III, 1965 edition, provided minimum construction requirements for vessels
used in nuclear power plants. It classified pressure vessels as A, B, or C. Class A vessels are
equivalent to Class 1 vessels of the current code. Class B is concerned with containment vessels, and
Class Cis concerned with vessels used in a nuclear power system not covered under Classes A or B.
System classification is addressed in the Dresden Station Inservice Inspection (ISI) Plan. As noted in
the plan, piping, pumps and valves were built primarily to the rules of USAS B31.1.1.0-1967, Power
Piping. Consequently, the Dresden Station ISI Program does not contain any ASME Section III, Code
Class 1, 2, or 3 systems. The ISI Program system classifications are based on Regulatory Guide 1.26,
Revision 3, and were developed for the sole purpose of assigning appropriate ISI requirements. The
ISI Program is discussed further in Sections 5.2 and 6.6.

The LPCI and core spray pumps for Dresden are Class 2 components, as described in Regulatory
Guide 1.26 under Group B quality standards. The code of construction and current classification of
the pumps were verified by GE.

The DGCW and CCSW systems contain cast iron valves. Additionally, the CCSW pump casings are
made of cast iron. Because the use of cast iron in safety-related systems was not evaluated at the
time of the NRC Systematic Evaluation Program (SEP), cast iron was not addressed in the NRC
Safety Evaluations regarding SEP Top III-1. Cast iron has lower ductility and fracture toughness
than other materials typically used in safety-related piping systems. Although it is an acceptable
material in the USAS B31.1-1967 code, there are no material specifications for cast iron that are
acceptable in the 1977 ASME Section III Code, which formed the basis of the evaluation criteria of
SEP Topic ITI-1. To accommodate the lower ductility and fracture toughness, cast iron valve bodies
and pump casings in the DGCW and CCSW systems meet the acceptance criteria described in Section
3.9.3.1.3.5.1.

Confirmation that the atmospheric storage tanks meet current compressive stress requirements was
requested by the NRC. In response to this request, it was found that the standby liquid control tank
was designed and analyzed based on the methodology outlined in API-650 Code specifications.
However, in 1982 the tank was requalified per the then current ASME Section III, Subsection ND. It
was determined that the standby liquid control tank roof cover, vessel shell, base plate, roof ring,
weldment, and U-bolts met the ASME Code requirements current in 1982. The analysis also showed
that the actual stresses in these components subjected to specified seismic excitations are well within
the ASME Section III allowables at the design temperature of 150°F.

Reflective Metal insulation (mirror type) or nonmetallic insulation (Nukon Blanket, foam glass or
closed cell foam plastic) installed on piping inside the containment meets the requirements as defined
in Section 5.2.3.2.3, "Compatibility of Construction Materials with External Insulation and Reactor
Coolant". Therefore, the potential for stress corrosion cracking due to the presence of leachable
chlorides in nonmetallic thermal insulation is not a concern.
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6.1.1.2 Composition, Compatibility, and Stability of Containment and Core Spray Coolants

Dresden Station uses high-purity demineralized water in the reactor vessel and for post-accident
containment spray and core spray. The torus also contains demineralized water.

All carbon steel surfaces in the torus are painted to prevent corrosion (see Section 6.1.2). Even
without protective coatings, the expected corrosion rate for carbon steel, used structurally in air-
saturated demineralized water, is less than 10 mils per year. Such a corrosion rate following an
accident is of negligible significance.

In the unlikely event that the standby liquid control system were actuated after a loss-of-coolant
accident (LOCA), sodium pentaborate solution would be introduced into the reactor vessel. If the
vessel were refilled to the elevation of the break, the sodium pentaborate solution in the vessel would
spill into the torus.

When sodium pentaborate dissolves in water, it produces a mildly basic solution. The pH of the
solution varies with concentration. For the range of concentrations expected, the pH is between 7.4
and 7.8.11 At the maximum expected sodium pentaborate concentration during recirculation, carbon
steel would corrode at a uniform rate of about 11 mils per year, and stainless steel at a rate of less
than 0.1 mils per year. Again, these rates are insignificant following an accident. Thus, no
additional provisions are required to control corrosion of steel following an accident.

Dresden relies primarily on inerting the containment atmosphere for post-accident hydrogen control.
Control of post-accident chemistry to minimize the evolution of hydrogen from aluminum corrosion is
therefore not a consideration in the Dresden design. Post-accident iodine control is accomplished
through containment integrity, and operation of the standby gas treatment system. Containment
spray additives, such as sodium hydroxide, are not used to remove radio-iodines from the
containment atmosphere. Therefore, post-accident chemistry control to ensure the retention of
iodines in sump water is not required.

Reactor water is sampled and analyzed for conductivity and chloride concentration every 72 hours
during normal operation, to ensure that the conductivity and chloride concentration do not exceed 5
pumho/cm and 0.5 ppm, respectively. Water in the condensate storage tank is sampled 3 times a
week, to ensure that the conductivity and chloride concentration do not exceed 1 pmho/cm and 0.01
ppm, respectively, and that the pH is between 5.6 and 8.6. The torus water is sampled monthly.

The NRC has determined that the use of demineralized water in the reactor vessel, post-accident
containment spray, and core spray, in conjunction with the established periodic water sampling
programs, provide reasonable assurance that the conductivity, pH, and chloride concentration of the
water would be within the normal plant operating limits such that proper water chemistry can be
maintained during the recirculation phase following a DBA consistent with the acceptance criteria of
Standard Review Plan Section 6.1.1 for boiling water reactors.
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6.1.2 Organic Materials

Identified coatings cover approximately 180,500 square feet of the interior of the Dresden
containment. Approximately 58,950 square feet of this is in the drywell, and 121,550 square feet is
in the torus.

The drywell shell, reactor shield wall, and vessel supports were originally coated with Dupont #67-4-
746 Dulux Zinc Chromate Primer. This layer was covered with Carboline Rustbond Primer 6C
Modified Vinyl. It was finished with Carboline Polyclad #933-1 Vinyl Copolymer. These two vinyls
are described as a polyvinyl chloride. Failure of this type of material is at an exposure of 8.7 x 108
rads.l2l The total integrated dose for coatings within a typical BWR containment ranges from 5 x 106
to 3 x 109 rads, with most surfaces seeing less than 107 rads.[3 The normal integrated 40-year dose
for Dresden is between 1.5 x 106 to 1.9 x 106 rads;/4 add this to a 1-year post-accident dose of 1.1 x
108 radl®! and the total dose inside drywell would be 1.11 x 108 rads. It is, therefore, evident that this
coating system would not fail due to radiation effects following an accident.

Other components of the drywell, which are coated with different materials, would not fail due to
radiation effects following an accident. The concrete surfaces are coated with Carboline 195
Surfacer, a modified epoxy-polyamide, and Carboline Phenoline 368 WG Finish, a modified phenolic.
The maximum gamma radiation resistance of an epoxy is approximately 4 x 108 to 9 x 108 rads,
while that of phenolic coatings is 4.4 x 109 rads. The structural steel framing and lateral bracing are
covered with the above named Dupont primer, an intermediate coating of alkyd enamel, and a finish
of Detroit Graphite Red Lead 501 Alkyd Enamel. The grating areas are covered with the Dupont
Zinc Chromate and finished with the Alkyd Enamel. The maximum gamma radiation resistance for
an Alkyd Enamel is 5.7 x 109 rads. As compared to the values listed in Section 6.1.3, Reference 3, it
may be deduced that this system would not fail following an accident.

The design temperature for the Dresden containment is 281°F for a design basis accident (DBA) and
135°F during normal power operation (see Section 6.2.1). The manufacturer's data lists the vinyls'
main temperature resistance at approximately 150°F and the phenolics at 200°F — 250°F. This low
temperature resistance in the vinyl materials is causing some peeling in the upper level of the
drywell. The material has never dropped off, and the peelings are smaller than 1 square inch. Also,
pull tests show pulls were greater than 200 pounds, as stated in the ANSI N5.12 report. This
problem is controlled by removing the loose coatings, performing the proper surface preparation and
touching up the degraded areas with coatings that are DBA qualified to ANSI N101.2, N101.4 and
N5.12 requirements. These products shall be evaluated for chemical resistance, decontaminability,
radiation tolerance and exposure to DBA conditions. Failure is not expected with these products
(except in the immediate area of a line break) as evidenced by DBA test results for these coatings
under LOCA conditions. For touch-up work in the torus, coatings that are DBA qualified to ANSI
N101.2, N101.4 and N5.12 requirements shall also be used.

Since the ESF fluids are not taken from the sump in the Mark I design, it is unlikely that any
peeling of the vinyl paint on drywell surfaces would lead to significant safety problems. The sump at
the bottom of the drywell acts as a drain which is valved off during the DBA. The containment and
core sprays during a DBA take suction from the bottom of the suppression pool. Any peeling vinyl
paint flakes would collect in the bottom of the drywell where they would not interfere
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with the coolant recirculation during a DBA. Taking into account these features of the Mark I
design, there is reasonable assurance that any peeling of the vinyl paints in the DBA environment
would not interfere with the operation of the engineered safety features.

The two main safety concerns that the torus internal coating systems must address are as follows:

A. That the coating materials remain adherent and do not fall off in sufficient quantities
under DBA conditions so as to adversely affect the operation of engineered safety
systems, and

B. That the coating system effectively prevents degradation (e.g., corrosion) of the
containment systems themselves under normal operating conditions.

The original coating system applied to the Unit 2 torus in January 1968 was Phenolic 368
manufactured by the Carboline Company. The portion of the coating system below the waterline
(immersion phase) failed by gross intercoat delamination early in its lifetime and was replaced with
the Carbo Zinc 11 inorganic zinc primer (also manufactured by Carboline). This system failed within
21/2 years because of insufficient coating thickness at the time of first application (the zinc was
cathodically sacrificed). Subsequently, a new application of Carbo Zinc 11 with adequate thickness
was applied in January of 1975. Meanwhile, the vapor phase of the system (above the waterline)
aged rather poorly and by 1984 was described as showing 3 to 10% pinpoint rusting throughout.
Abrasive blast cleaning and total recoating of the torus internals was performed during the D2R11
outage using a new epoxy coating (the 6548/7107 system manufactured by the Keeler and Long
Company was installed). In addition, a "holiday" (sponge) test was performed to detect and fix all
pin holes that may have existed in the new coating. The total dry film thickness falls within the
coating's qualified thickness range. Thus, the coating is likely to perform as expected of a service
level Class I coating system.

The old epoxy/modified phenolic coating remains on most of the vent system components. Although
most of the vent system is in the vapor phase of the torus, half of the downcomers have this old
coating below the waterline on their interior surfaces.

The original Phenolic 368 coating system was applied to the Unit 3 torus in June of 1968. The vapor
phase failed by pinpoint rusting after about 16 years of service.

In the immersion phase, gross failure similar to that at Unit 2 was detected and the Carbo Zinc 11
primer was applied. Again the inorganic zinc was deemed unserviceable after only two 1-year cycles
of operation. In May of 1975, five different coating systems were applied (three phenolic and two
epoxy) to determine which of the systems would provide the best service when exposed to the actual
torus environment. The test results showed that the Plasite 7155H and Carboline 368 systems
failed, but the Carbo Zinc 11, Mobil 78 epoxy, and Keeler and Long 7107/7500/7475 epoxy system
performed satisfactorily. The Keeler and Long system developed some blisters but these were
observed to be associated with the 7475 finish coat only and were probably due to application
problems. The test period was approximately 10 years. Subsequently, a total abrasive blast
cleaning and recoat was performed during the D3R10 outage.
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Additionally, Carbon Zinc 11 SG was used to coat the safety relief valve (SRV) lines and T-quencher
frames.

The painting systems, both in the drywell and in the torus, are inspected and repaired as necessary
during each refueling outage. Evaluation of coating integrity is conducted in accordance with the
requirements of ANSI N101.2-1972, Section 4.5. The chemical, temperature, and radiation
resistance of the current coating systems, together with periodic inspection and maintenance, make
the possibility of torus strainer clogging due to coating failure after an accident, remote. Refer to
Section 6.2.2.3.2 for an analysis of the potential effects of torus water contamination by debris.

Very small amounts of gas are evolved when aromatic organic compounds of the type found in
radiation-resistant plastic are irradiated. For example, a phenolic plastic irradiated to a dose of 109
rads produced 3 milliliters (STP) of gas per gram of plastic.[2 For the approximately 150 cubic feet of
organic coating existing in the containment, approximately 90 cubic feet of gas would be generated
for the conservatively estimated DBA dose of 108 rads. The gas is mostly hydrogen and carbon
dioxide, and less than a tenth of it is volatile organic compounds. The presence of small amounts of
organic gases in containment after a DBA would not interfere with the adsorption of organic iodides
by the purge charcoal filters.

The amount of hydrogen from this source is small compared to that which could be produced in a

DBA from the zirconium-water reaction, from the radiolysis of water, or from the reaction of the zinc
in inorganic zinc coatings with high-temperature borate solutions.[¢!
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Structures, Systems, and
Components

Recirculation System
Recirculation system piping
Recirculation system valves

Recirculation system pumps

Emergency Systems
Isolation Condenser
Shell side

Tube side

All stainless steel piping,
valves, fittings

All carbon steel piping

Fittings and Valves

Standby Liguid Control System

DRESDEN — UFSAR

Table 6.1-1

FRACTURE TOUGHNESS REQUIREMENTS

Quality Group
Classification®

Pump casing
Tank
Piping

Class A
Class A

Class A

Class C

Class B
Class B

Class B

Class B

Class B
Class B
Class B

Material

Type 304 stainless steel®

ASTM A351, Gr. CF8M
stainless steel

Type 304, 316 stainless steel

ASTM A106, Gr. B carbon
steel

Type 304, 316 stainless steel
Type 304©)

ASTM A106, Gr. B

carbon steel

Carbon steel
Type 304 stainless steel
Type 304 stainless steel

Impact Test Reason for
Required? Exemption®
No 8e
No 8e
No 8e
No 8a
No 8e
No 8e
No 8a
No 8a
No 8d
No 8e
No 8d, e

Rev. 4

Remarks
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Structures, Systems, and
Components

Core Spray System
Pump casing

All carbon steel piping

Valves and fittings

All stainless steel piping,
fittings, valves

Spray spargers and spray
nozzles

Low Pressure Coolant Injection
Pump casing

All Stainless steel piping,
fittings, valves

All carbon steel piping

Valves and fittings

Containment Cooling

Service Water

Pump Casing

All Carbon steel piping

Carbon steel valves and fittings
Cast iron valves

DRESDEN — UFSAR

Table 6.1-1 (Continued)

FRACTURE TOUGHNESS REQUIREMENTS

Quality Group
Classification®

Class B

Class B
Class B

Class B

Class B

Class B

Class B

Class B
Class B

Class C
Class C
Class C
Class C

Material

ASTM A216, Gr. WCB
carbon steel

ASTM A106, Gr. B®

carbon steel
Type 304

Type 304 stainless steel

ASTM A216, Gr. WCB
carbon steel

Type 304®

ASTM A106, Gr. B

carbon steel

ASTM A126, Class B
ASTM A106, Gr. B

carbon steel
ASTM A126, Class B

Impact Test Reason for

Required? Exemption®

Yes

No 8a
No 8a
No 8a, e
No 8e
Yes
No 8e
No 8a
No 8a
No 8a
No 8a
No 8a
No 8a

Rev. 6
June 2005

Remarks

Thickness up to 13/16 in.

Thickness up to 13/16 in.
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Structures, Systems, and
Components

Heat exchangers:
tube side
shell side

High Pressure Coolant Injection
Pump casing

Piping
Fittings, and valves

Spargers
(feedwater spargers used)

Standby Coolant Supply System
(condenser hotwell to service
water line)

Pipings, fittings, and valves
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Table 6.1-1 (Continued)
FRACTURE TOUGHNESS REQUIREMENTS

Quality Group Impact  Reason for
Classification® Material Test Exemption( Remarks
Required? 2)
Class B 70/30 CuNi® No 8f
Class C ASTM A212, Gr. B carbon Yes Portions have 1-in.
steel thickness
Class B ASTM A216, Gr. WCB carbon Yes Thickness up to 1 1/2 in.
steel
Class B ASTM A106, Gr. B carbon No (8a, d)®  Impact test on all piping
steel with nominal pipe
Class B No 8a diameter greater than
carbon steel 6 in.
Class B Austenitic stainless steel No 8e
Not Deleted

safety-related
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Structures, Systems, and
Components

Standby Gas Treatment System
Pipings
fittings, and valves

Primary Containment
Safety valves

Relief valves

Containment Penetrations

Hydraulic lines to the control rod
drives

Valves

Containment Isolation Valves
Not Listed with Major System

Control Rod Drive Housing

DRESDEN — UFSAR Rev. 2

Table 6.1-1 (Continued)
FRACTURE TOUGHNESS REQUIREMENTS

Quality Group Impact Test Reason for
Classification® Material Required? Exemption® Remarks
Class B ASTM A106, Gr. B, ASTM A211 No 8a
Class B Carbon steel, No 8a
Class A Carbon steel No 8d
Class A Carbon steel No 8d
Class B Stainless steel No 8d
Class B No 8d
Class A No 8d
Class A No 8d
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Table 6.1-1 (Continued)
FRACTURE TOUGHNESS REQUIREMENTS

Structures, Systems, and Quality Group Impact Test Reason for
Components Classification® Material Required? Exemption® Remarks

Control Rod Drive System
Velocity limiter Class B Stainless steel casting No 8d
Guide tubes Class B Type 304 stainless steel No 8e

Spent Fuel Storage Facilities

Spent fuel pool Class C Stainless steel lining No 8a
(3/16-1n. thick)

Reactor Vessel Head Cooling System
Piping, fittings, and valves Class C Stainless steel0 No 8d, e
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Structures, Systems, and
Components

Condensate Feedwater System

FRACTURE TOUGHNESS REQUIREMENTS

Quality Group
Classification®

Piping from reactor vessel to
outermost containment
1solation valve

Valves and fittings

Main Steam System
Piping

Valves and fittings

Condensate Storage Tank

Compressed Air System
Piping, fittings, and valves

Class A

Class A

Class A
Class A

Class C

Class D

DRESDEN — UFSAR

Table 6.1-1 (Continued)

Material

ASTM A106, Gr. B
carbon steel

Carbon steel

ASTM A106, Gr. B

Carbon steel

Aluminum

Rev. 5
January 2003

Impact Test Reason for

Required? Exemption® Remarks
No LST > 150F Thickness varies from
1.000-1.375 1n.
No LST > 150F
No LST > 150F Thickness 1.031 in.
No LST > 150F
No 8f
No 8d

(Sheet 6 of 7)



DRESDEN — UFSAR Rev. 6

June 2005
Table 6.1-1 (Continued)
FRACTURE TOUGHNESS REQUIREMENTS
Structures, Systems, and Quality Group Impact Test Reason for
Components Classification® Material Required? Exemption® Remarks

Standby Diesel-Generator System

Service water piping Class C ASTM A106, Gr. B No 8a

Carbon steel valves and fittings Class C Carbon steel No 8a

Cast iron valves Class C ASTM A126, Class B No 8a

Fuel o1l piping Class C ASTM A53, Gr. B No 8a

Valves and fittings Class C Carbon steel No 8a

Notes:

1. The quality group classification given here is the Regulatory Guide 1.26 classification to determine fracture toughness testing

el

o o

®©

10.
11.

requirements and should not be confused with safety classification. Refer to Section 3.2 for a discussion of safety classifications.
Refer to Tables A4-4 — A4-6 of Appendix A in Franklin Research Center report on quality group classification of components and
systems for explanation of exemptions.

Applies to drain and condensate piping.

For piping 2" and under, ASTM A335 Grade P11 or P22 may be substituted for ASTM A106 Grade B material for the same
schedule. For fittings and valves 2" and under, ASTM A182 Grade F11 or F22 may be substituted for ASTM A105 for the same
rating. Substitutions are allowed up to a maximum temperature of 450°F (operating or design) and apply to non-safety related piping
and fittings only. No generic substitution of safety related piping/fittings is allowed.

Piping replacement on Unit 3 changed the piping material to type 316 stainless steel.

A portion of the Unit 3 isolation condenser return line was replaced with type 316 stainless steel.

A portion of the piping from outboard valves 2-1402-24A/B to the reactor vessel safe end (Unit 2) was replaced with carbon steel
SA333, grade 6 under M12-2-75-39.

Some of the CCHX tubes have been replaced by A1-6XN alloy tubes.

A portion of the LPCI discharge, inboard from the outboard isolation valve, was replaced with type 316 (special chemistry) stainless
steel.

A portion of the system is fabricated from A106, grade B carbon steel.

Material type A106, grade B is the preferred material with A53, grade B as an acceptable substitute when A106 is not available.
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6.2 CONTAINMENT SYSTEMS

This section presents the design considerations for the containment. The combination of these
design aspects provides a conservative basis for overall containment integrity.

Dresden Station employs multi-barrier pressure suppression containment design that applies
containment-in-depth principles. The primary containment system for each unit is located within a
common secondary containment.

The Dresden primary containment system, depicted in Figure 6.2-1, is commercially known as a
General Electric Mark I design. It includes a drywell, which encloses the reactor pressure vessel and
the reactor recirculation system; a pressure suppression chamber (or wetwell); and a vent system
connecting the drywell to the pressure suppression chamber.

Any leakage from the primary containment system is to the secondary containment, which consists
of the reactor building, standby gas treatment system, drywell purge ductwork, main steam isolation
valve room, high pressure coolant injection room, and chimney. The reactor building encloses both
reactors and their respective primary containment systems. The secondary containment is
addressed in Section 6.2.3.

The equipment and evaluation presented in this section are applicable to either unit.

6.2.1 Primary Containment Functional Design

The primary containment system consists of a drywell; a pressure suppression chamber which is
partially filled with water; a vent system connecting the drywell and the suppression chamber water
pool; isolation valves; heating, ventilating, and cooling systems; and other service equipment. The
drywell is a steel pressure vessel which houses the reactor vessel, the reactor coolant recirculation
system, and other branch connections of the reactor primary system. The pressure suppression
chamber is an approximately toroidal steel pressure vessel encircling the base of drywell. Due to its
shape the suppression chamber is commonly called the torus. The vent system from the drywell
terminates below the suppression chamber water level. Refer to Figures 6.2-1 through 6.2-5 for
cutaway views of the Mark I primary containment.

In the event of a nuclear steam supply system (NSSS) piping failure within the drywell, reactor
water and/or steam would be released into the drywell. The resulting increased drywell pressure
would force a mixture of noncondensible gases, steam, and water through the connecting vent lines
into the pool of water in the suppression chamber. The steam would condense rapidly and
completely in the suppression pool, resulting in suppression of the pressure increase in the drywell.
Noncondensible gases transferred to the suppression chamber would pressurize the
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chamber and would eventually be vented back to the drywell to equalize the pressure between the
two vessels. Cooling systems would remove heat from the drywell and from the water and gases in
the suppression chamber to provide continuous cooling of the primary containment under accident
conditions. The containment cooling system is discussed in Section 6.2.2. During this period,
appropriate isolation valves would close to ensure containment of radioactive materials which might
otherwise be released. The primary containment isolation system is discussed in Section 6.2.4.

6.2.1.1 Design Bases

The principal design criteria for the containment systems are presented in Section 1.2.1.3. The
performance objectives of the primary containment system are:

A. To provide a barrier which, in the event of a loss-of-coolant accident (LOCA), will control
the release of fission products to the secondary containment and
B. To limit the pressure increase in the containment resulting from a LOCA.

To achieve these objectives the primary containment system was designed using the following bases:

Drywell design free volume 158,236 ft3

Drywell and pressure suppression chamber design 62 psig at 281°F
internal pressure and temperature (See note 1)

Pressure suppression chamber design free volume 112,800 to 116,300 ft3
(See note 2)

Pressure suppression pool water volume(See note 2) 116,300 to 119,800 ft3

Design leak rate 0.5% per day at 62 psig

Design code ASME Section III

Seismic design As specified in Section 3.8

Mark I loadings As specified in Section 6.2.1.3.4.1

Note 1: The peak drywell (airspace) temperature at 2957 MWt is 291°F, which is above the
drywell shell design temperature of 281°F. However, the drywell airspace
temperature peaks briefly as shown in Figure 6.2-33. Because the drywell shell
heatup 1s governed by heat transfer phenomena that require sustained high
temperatures in the drywell atmosphere, this brief peak in the drywell airspace
temperature results in a drywell shell temperature below 281°F.

Note 2: Volumes stated are based on a drywell pressure 1 psid greater than suppression
chamber pressure. Original design called for a suppression chamber free volume of
117,245 ft3. Volumes stated are a result of the Mark I Long Term Program. Refer
to Section 6.2.1.3.1 for a description of the revised volume calculations.
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The design volume of the drywell was dictated by the space required to contain the reactor vessel,
the recirculation system, drywell cooling equipment, and reactor auxiliary equipment located in the
drywell. The design free volume of the suppression chamber is based on the free volume of the
drywell such that if all of the drywell atmosphere were to be discharged into the suppression
chamber, the suppression chamber would remain below its design pressure.

The design pressure was established on the basis of the Bodega Bay pressure suppression tests!!]
with allowance added for uncertainties. Further discussion of the applicable design code, design
allowables, and test pressures is included in Section 3.8.2.1.3. Preoperational leak rate testing is
discussed in Section 6.2.6.1.

The volume of water maintained in the suppression chamber was established by allowing a
maximum 50°F rise in the water temperature during a LOCA. Refer to Section 6.2.1.3.1 for the
sizing of the primary containment..

To minimize the release of radioactive gases during accident conditions, the design leakage rate of
the primary containment was limited to as low a value as could practicably be obtained with the type
of construction employed.

The design, fabrication, and inspection of the primary containment were in accordance with the
requirements of ASME Section III, Class B, which pertains to containment vessels for nuclear power
plants. Further discussions of the applicable design code, design allowables and test pressures are
included in Section 3.8.

6.2.1.2 Design Features

This section describes the design of the major components of the primary containment. It also
describes some of the modifications performed as part of the Mark I Program. The Mark I program
is described in Section 6.2.1.3.4. Table 6.2-1 summarizes the design parameters of the containment
system. Figures 6.2-1 through 6.2-5 show the arrangement and major components of the primary
containment.

6.2.1.2.1 Drywell

The drywell is a steel pressure vessel with a removable steel head. The head and shell of the Unit 2
drywell were fabricated of SA212 Grade B plate manufactured to A-300 requirements. The Unit 3
drywell head and shell were fabricated from SA516 Grade 70, carbon steel. The top head closure is
made with a double-tongue-and-groove seal, which permits periodic checks for leak tightness without
pressurizing the entire containment. The top portion of the drywell vessel (the drywell head) is
removed during refueling operations. The drywell head is bolted closed when primary containment
integrity is required. Section 6.2.6 describes methods used to verify containment leak tightness.

6.2-3



DRESDEN - UFSAR Rev. 4

The drywell shell is enclosed in reinforced concrete with concrete thickness varying from 4 to 10 feet
to provide for radiological shielding and additional resistance to deformation. (Shielding calculations
conservatively assume 4 to 6 feet except during preparation for refueling outages. [See reference 61)
Refer to Section 12.3.2 for a discussion of the shielding analyses. At the foundation level, a sand
pocket was formed to "soften" the transition between the foundation and the containment vessel.
Above the foundation transition zone, the drywell shell is separated from the primary containment
shield wall by a gap of approximately 2 inches to accommodate thermal expansion (see Section
6.2.1.2.1.1). Shielding in the drywell head area is provided by a concrete vault topped with
removable, segmented, reinforced concrete shield plugs.

Access to the drywell is provided by a manway located on the drywell head, one bolted equipment
hatch, and one personnel airlock. The manway in the drywell head has a double seal arrangement.
The equipment hatch cover is bolted in place and sealed with a double-tongue-and-groove seal. The
personnel airlock has two doors which open inward toward the drywell and are designed to
withstand a large outward force due to a high drywell internal pressure. The doors are mechanically
interlocked so that a door may be operated only if the other door is closed and locked. The seals on
the doors and the manways can be tested for leakage as described in Section 6.2.6.

The normal environment in the drywell during plant operation is approximately 1 psig with a
nitrogen atmosphere and a nominal bulk temperature of approximately 135°F to 150°F. This
temperature is maintained by recirculating the drywell atmosphere across forced-air cooling units
which are cooled by the reactor building closed cooling water system. Refer to Section 9.4.8 for a
description of the drywell air cooling system.

A description of electrical, instrument, and piping penetrations and their design is provided in
Section 3.8.

6.2.1.2.1.1 Drywell Expansion Gap

The steel drywell shell is largely enclosed within the structural and shielding concrete of the primary
containment shield wall. To accommodate thermal expansion, an expansion gap was provided
between the concrete and the drywell shell. The size of this expansion gap is shown in Figure 6.2-6
Column (a).

Both temperature and pressure cause the steel shell to expand. If temperature induced expansion
were restrained by interference with the concrete structure, the resulting inward normal component
could cause rippling and buckling of the steel. It is essential that a sufficient gap exists between the
steel shell and the concrete structure to prevent interference due to thermal expansion.

Pressure-induced expansion results from internal forces acting outward and normal to the shell. If

the concrete structure were to restrain this type of expansion, the resulting inward normal forces
would tend to counterbalance the outward normal
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pressure-induced forces. A gap larger than that required for temperature-caused expansion is both
unnecessary and undesirable. Therefore, the expansion gap was designed to accommodate the
temperature induced growth of the drywell shell.

The sizing of the expansion gap was based upon an ultimate steel shell temperature of 281°F
following a postulated reactor LOCA. This temperature corresponds to the temperature of saturated
steam at 35 psig, which the Bodega Bay Tests[! showed would result in the drywell following a loss-
of-coolant blowdown accident. Although the drywell was designed, erected, pressure tested, and N-
stamped in accordance with the ASME code using a design pressure of 62 psig, the maximum
temperature was the limiting condition for the expansion gap design.

The worst case for buckling of the steel shell due to expansion occurs as a result of the largest
mismatch between shell temperature and containment pressure - a high shell temperature with no
pressure-caused expansion to counterbalance the external normal forces.

The worst case condition evaluation included the effects of containment spray. The results of this
analysis (for a drywell condition of 281°F and 0 psig) are shown in Figure 6.2-6. This conservatively
assumes that the maximum design pressure and temperature were attained, and then containment
spray was initiated. The containment spray was assumed to reduce the pressure yet not cool the
drywell shell. It was further assumed that the low containment pressure interlock did not function
to prevent the containment spray from reducing the containment pressure to 0 psig.

With particular reference to Figure 6.2-6, the values shown for each of the vessel locations have
either been derived through analysis or represent ASME Code allowable values. For the given
design condition, a review of Figure 6.2-6, Columns (c) and (d), clearly shows that containment
design values are not exceeded and that a sufficient safety margin exists before allowable external
loadings are reached.

A combination of materials was used to permit pouring the concrete support structure over the steel
drywell shell while maintaining the required expansion gap. Materials used are listed in Table 6.2-
2.

The following steps were used in installing these materials:
A. Adhesive cement was applied to the drywell shell.

B. Polyester-base, flexible, polyurethane foam sheets, approximately 274 in. x 2 ft. x 8 ft.,
precut as required to fit around penetrations, were applied over the adhesive cement.
The polyurethane foam sheets were tightly butted up against each other providing a
continuous foam covering around the vessel. At the end of each day, all exposed
polyurethane foam was covered with polyethylene-28 sheeting to protect it from the
weather.
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A 4-inch strip of masking tape was applied over the polyurethane foam at the joint
location of the fiberglass cover panels. The masking tape was used as an extra
precaution to prevent any epoxy in the joint from seeping into the polyurethane foam.

. Adhesive cement was applied to the back face of the cover panel leaving a 2-inch strip

around the edges free of cement.

Shop-fabricated, polyester-reinforced fiberglass cover panels, each with a minimum
thickness of ¥4 inch and maximum thickness of 38 inch, were applied over the
polyurethane foam leaving a Y4-inch to%/2-inch opening between each of panels. These
panels contained Y4-in. x 4-in. x 4-in. steel tie plates on 2-foot centers for subsequent
attachment into the concrete pour.

The panels were temporarily held together using steel straps attached to the form studs.
These steel straps served to hold the new panels in place while the joint was completed.
See Figure 6.2-7a.

Using a special T-shaped tool, a 3-inch strip of epoxy impregnated fiberglass tape was
placed behind the panel joint.

The joint was filled with epoxy and a second 3-inch strip of epoxy impregnated fiberglass
tape was placed over the joint to complete the closure.

After the tie plates in the fiberglass were rigidly attached to the outside plywood forms,
the fiberglass shell became the inner form for the pouring of the concrete structure.

In addition to the steps followed above, the following special precautions were taken at the junction
of the expansion gap filler and pipe penetrations:

A.

D.

The polyurethane foam sheets were applied on the drywell shell tightly against the
penetration.

The penetration pipe sleeve was placed on the penetration, stopping at the polyurethane
foam sheet (i.e., 2% inches from the drywell shell).

The cover panels were placed to within approximately % inch of the sleeve and the joint
between the cover panels, and the sleeve was caulked with epoxy caulking.

Epoxy and fiberglass tape were applied to join the sleeve with the cover panels.

A diagram of the joint at pipe penetrations is given in Figure 6.2-7b.

Tests were conducted at the site on mockups of the steel and polyurethane foam/fiberglass sections
to determine their displacement from a concrete pour.
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These tests showed the fiberglass was displaced less than % inch from the pouring and curing of
concrete. From Figure 6.2-8, which shows the resilient characteristics of the polyurethane foam, it is
apparent that a % -inch compression of the 2-inch blanket of foam results in a negligible external
pressure on the steel drywell shell. Figure 6.2-6, Column (b) shows the ASME Code allowable
external loadings on the steel shell. These allowable loadings may be compared with the actual
external loadings which would result from thermal expansion of the drywell with concomitant
compression of the polyurethane foam. Column (c¢) of Figure 6.2-6, which shows these actual
loadings, was based upon the stress-strain curve of Figure 6.2-8 and the thermal growth which
would result from a steel shell temperature of 281°F (Column [a] of Figure 6.2-6). Column (d) of
Figure 6.2-6 shows the safety factor which exists between the ASME Code allowable loadings and
the actual loadings that would result from a LOCA.

The polyurethane foam material was chosen for its resistance to the environmental conditions likely
to exist during its service life. In its position outside the drywell, the polyurethane foam will be
exposed to a maximum radiation exposure of 2.5 x 107 rads, based on 40 full years of reactor
operation. Radiation data [2-4] show the gamma radiation damage threshold to be between 8 x 106
and 4 x 107 rads for polyurethane elastomers. Polyurethane foam samples, similar to those used in
the gap, were irradiated at various levels, from 107 and 10° rads; there was no detectable change in
resilience below 108 rads, amply confirming the published data. Although the normal inservice
temperature will be only 135°F, the polyurethane which was used has a temperature rating of 285°F.

On January 20, 1986, while maintenance work was in progress on a containment penetration for
Unit 3, a fire started in the drywell expansion gap. The polyurethane in the gap burned for several
hours resulting in a postulated upper bounding temperature of 500°F for both the steel containment
and the primary containment shield wall. The tensile strength of the steel drywell shell reduces at
temperatures above 850°F. Since the peak temperature attained during the incident was less than
500°F, it was concluded that no change occurred to the steel material properties.

Analyses were also performed to determine the possibility of thermal shock and accelerated corrosion
of the drywell shell as a result of using fire suppression equipment to extinguish the fire. Both
concerns were determined to have only a slight effect.

Similarly, the effect of the high temperature on the primary containment shield wall was evaluated.
It was determined that the high temperature condition did not change the material properties of the
concrete. Structural integrity of both the concrete and containment steel were determined not to be
impaired to perform as designed in the event of a design basis accident (DBA).

On June 4, 1988, another fire started in the expansion gap of Unit 3 in basically the same area while
station staff were performing maintenance similar to that performed in 1986. It was determined
that this fire was bounded by the analyses conducted for the 1986 fire and no further analyses were
conducted.
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The design, materials, and construction of the drywell expansion gap provide sufficient space for
thermal expansion of the steel drywell shell. This method of construction prevented concrete,
reinforcing bars, and other foreign material from reducing the gap, thereby reducing stress risers.
The primary containment can accommodate both normal operating conditions and any postulated
accident conditions.

6.2.1.2.1.2 Drywell Corrosion Potential

The potential for degradation of the containment exists due to conditions that allow the introduction
of water into the annulus (expansion gap) between the containment and the primary containment
shield wall. Water can be introduced due to leakage of the refuel cavity past the refueling bellows
drain line expansion joints during refueling or due to the introduction of water at other drywell
penetrations. This water migrates to the sand pocket and then passes through the sand pocket drain
lines. (See Figure 6.2-9 for details of the containment sand pocket.) If the drain lines become
clogged, the water remains in the sand pocket and creates an environment that may be corrosive to
the containment steel plates.

The design of the containment vessel is such that margin exists between the required shell thickness
and the actual thickness of steel plate provided. A reevaluation of the required shell thickness
(based on loads and data compatible with the original certified containment vessel stress report by
Chicago Bridge & Iron Company) was performed on the containment shell in the region of the sand
pocket. The thickness of the plates in the sand pocket region may me reduced to approximately /4-
inch below nominal and still be within ASME Code allowable stress limits.

In response to IE Information Notice 86-99 and NRC Generic Letter 87-05, an extensive review was
conducted of the potential for drywell steel corrosion in the area of the containment sand pocket.
This review included the following:

A. Inspection of the drain lines,
B. Initiation of a surveillance program to detect leakage into the annulus, and
C. An evaluation of the actual plate thickness at Dresden Unit 3.

Initially, all lines in both units were found to be clogged. After the lines were cleared, leakage from
all lines was observed. The source of the leakage is believed to be past the refueling bellows drain
line expansion joints. The method utilized to plug the drain lines during refueling is the installation
of an expanding stop plug, which if incorrectly placed in the expansion joint, could produce leakage.
In an effort to eliminate leakage, the plug design was altered to preclude incorrect placement. Water
samples taken were tested and determined to be noncorrosive in nature, so there was no immediate
safety concern. This, however, did not prevent future leakage.
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Ultrasonic test (UT) results indicated that over 18 years of operation of Dresden Unit 3, no
detrimental corrosion has occurred in the drywell steel plate at the sand pocket level. This
conclusion is further supported by the fact that all of the thickness measurements were on the high
side (greater than the nominal 1.0625-inch thickness). These results have been obtained in spite of
the fact that substantial moisture has previously been found in the sand pocket. Finally, a
surveillance procedure has been established to monitor sand pocket drain lines during refuel
activities. If leakage is detected during refuel flood-up, an inspection to determine the source will
take place and further corrective measures will be initiated.

Refer to Section 6.1 for a description of the containment coating system and the corrosion resistance
results obtained.

6.2.1.2.2 Vent System

Eight large circular vent lines form a connection between the drywell and the pressure suppression
chamber. Referring to Figures 6.2-2, 6.2-3, and 6.2-4, jet deflectors at the drywell entrance to each
vent line prevent possible damage to the vent lines from jet forces which might accompany a pipe
break in the drywell. The drywell vent lines are connected to a vent header, which is contained
within the airspace of the suppression chamber. The vent header has the same temperature and
pressure design requirements as the vent lines. Each vent line is welded to the drywell and then
passes through the suppression chamber to the suppression chamber vent header, where it is also
welded. The design of the drywell considers the vent system (vent lines, vent header, and
downcomers) as an appendage to the drywell. The seismic induced lateral loads are taken by the
drywell. The vent lines penetrate the torus through larger diameter pipe sections which are welded
to the suppression chamber. Bellows seals connect the other end of the larger pipe sections to the
vent lines. The bellows permit lateral movement of the vent lines and act as part of the containment
pressure envelope.

Projecting outward and downward from the vent header are 96 downcomers arranged in pairs which
terminate below the water surface of the suppression pool. The upward reaction from the
downcomers is resisted by columns between the vent header and the bottom of the suppression pool.
The columns are pinned top and bottom to accommodate the differential horizontal movement
between the header and the pressure suppression chamber. The downcomers are braced both
laterally and longitudinally (Mark I Containment Long-Term Program). Vent header deflectors,
shown in Figure 3.8-18, are provided in both the vent line bays and nonvent line bays. The
deflectors shield the vent header from pool swell impact loads (see Section 6.2.1.3.4.1) which occur
during the initial phase of a DBA. The vent system is supported vertically by two column members
at each miter joint location (see Figure 6.2-5). Horizontal support is provided by the vent lines which
transfer lateral loads acting on the vent system to the drywell at the vent line/drywell penetration
locations. The vent system also provides support for a portion of the safety-relief valve (SRV) piping
inside the vent line and suppression chamber as shown in Figures 6.2-4 and 3.8-24. Loads acting on
the SRV piping are
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transferred to the vent system by the penetration assembly and internal supports on the vent line.

6.2.1.2.3  Pressure Suppression Chamber

As shown in Figures 6.2-3, 6.2-4, 6.2-5, and 3.8-18, the pressure suppression chamber is a steel
pressure vessel in the general shape of a torus, symmetrically encircling the drywell. The circular
path around its major axis is formed by 16 cylindrical segments or bays. Alternate bays (eight in all)
are connected to vent lines leading from the drywell. The horizontal centerline of the suppression
chamber is located slightly above the bottom of the drywell. The inside diameter of the mitered
cylinders, which make up the suppression chamber, is 30 feet 0 inches. A reinforcing ring with two
column supports and a "saddle" is provided at each miter joint (Mark I Containment Long-Term
Program) to transmit dead loads and seismic loads to the reinforced concrete foundation slab of the
reactor building.

The reinforcing ring at each miter joint is in the form of a T-shaped ring girder. The ring girder is
braced laterally with stiffeners connecting the ring girder web to the suppression chamber shell.

The suppression chamber shell thickness is typically 0.585 inches above and 0.653 inches below the
horizontal centerline, except at penetration locations where it is thicker.

The suppression chamber is anchored to the basemat by a system of base plates, stiffeners, and
anchor bolts. Space is provided outside of the chamber for inspection and maintenance.

Two manholes with double-gasketed bolted covers provide access from the reactor building to the
pressure suppression chamber. These access ports are bolted closed when primary containment
integrity is required. They are opened only when the primary coolant temperature is below 212°F
and the pressure suppression system is not required to be operational. A test connection between
the double gaskets on each cover permits checking gasket leak-tightness without pressurizing the
containment.

Original plant design included baffles in the suppression pool intended to aid in thermal mixing of
the suppression pool water. As a result of a reevaluation of the necessity for these baffles and a
concern for their continued structural integrity in a blowdown event, the baffles have been removed.

The suppression chamber can be drained using the low pressure coolant injection (LPCI) pumps
discharging via the LPCI heat exchanger to either radwaste or the condenser hotwell until the LPCI
pumps lose suction. However, the path to the condenser hotwell is the preferred route to minimize
the volume of water to be processed by radwaste. Complete suppression pool draining can be
accomplished even with the LPCI pumps out of service by use of specially installed piping and
isolation valves.
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6.2.1.2.4  Primary Containment Vacuum Relief Devices

Automatic vacuum relief devices for the drywell and suppression chamber prevent the primary
containment from exceeding the design external-to-internal pressure differential. The primary
containment is designed for a maximum external pressure of 2 psi greater than the concurrent
internal pressure for the drywell and 1 psi for the suppression chamber.

The drywell vacuum relief valves allow gas to be drawn from the pressure suppression chamber, and
the pressure suppression chamber vacuum relief valves allow air to be drawn from the reactor
building.

6.2.1.2.4.1 Reactor Building-to-Containment Vacuum Relief

To prevent torus collapse due to excessive external-to-internal pressure differential, a vacuum
breaker system is provided connecting the suppression chamber airspace with the reactor building
atmosphere. The system consists of two parallel lines with each line containing two vacuum breaker
valves in series. One of the series valves opens at high differential pressure and fails open on loss of
instrument air or electrical power. To ensure proper operation of these valves, an air accumulator
with adequate volume to open the valve once is provided. The normal power supply to the valve
solenoid is backed-up by another source of power, in addition to having the capability of being
energized by the emergency diesel generators. The second vacuum breaker valve is a check valve
that opens when high differential pressure occurs across the disk. The combined pressure drop at
rated flow through both valves does not exceed the difference between suppression chamber design
external pressure and maximum atmospheric pressure.

The quick actuation time of these valves was found to cause both abnormal seat wear and
misalignment of the valve disc. To provide a slower and more controlled cycling of these valves,
speed control valves were installed to regulate the airflow between the solenoid and the air cylinder
of the relief valves.

The piping system is designed to the Boiler and Pressure Vessel (B&PV) Code B31.1. Lines 2(3)-
1601-A(B)-20" were analyzed to the latest Mark I design criteria (NUREG-0661, Revision 1) to verify
that the modification met the requirements of ASME Section III, Subsection NC, 1977 edition with
Summer 1977 Addenda. Due to the insignificant component mass of the speed control valve (3
pounds), a revision to the Mark I piping analysis was not required. However, the Mark I
calculations were updated to document the installation of this modification.

Valve operational testing requirements for ANSI/ASME OMa-1988, Part 10, Category A valves apply |
to the 2(3)-1601-20 A and B valves and their actuators. Valve closing time shall be 2 to 5 seconds.
Valve opening time is 5 to 30 seconds.

Section 6.2.1.2.4.2 identifies the bounding drywell depressurization transient to result from drywell
spray actuation following a LOCA. Based on analyses for these types of events, it has been
demonstrated that although these events result in depressurization of the drywell and torus, the
depressurization is not sufficient to reduce the torus pressure below atmospheric pressure (14.7
psia). Therefore, the reactor building-to-suppression chamber vacuum breakers will not open for
these events.

However, in order to verify that the reactor building-to-suppression chamber vacuum breakers are
adequately sized and operate in sufficient time to ensure torus integrity, an analysis was performed
for a postulated event where the vacuum breakers will open.
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Three cases were considered in the safety analyses to determine the adequacy of the external
vacuum breakers:

a) Inadvertent actuation of one torus spray loop during normal operation;

b) Inadvertent actuation of one torus spray loop during normal operation with the suppression
chamber free air volume completely filled with saturated steam; and

¢) Inadvertent actuation of one torus spray loop during normal operation with the suppression
chamber free air volume filled with an air/steam steam mixture.

The results of these three cases show that the external vacuum breakers with an opening setpoint of
0.5 psid are capable of maintaining the differential pressure within design limits.
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6.2.1.2.4.2 Torus-to-Drywell Vacuum Relief

As shown in Figure 6.2-10, six vacuum breaker assemblies, exterior to the suppression chamber,
connect the suppression chamber and drywell, each assembly having two 18-inch swing check valves
arranged in parallel. The valves operate as free-swinging, gravity-closing-type check valves with no
external power sources. The lines were sized on the basis of the Bodega Bay pressure suppression
system tests. Their chief purpose is to prevent excessive water level variation in the submerged
portion of the vent discharge downcomers prior to a large break LOCA. The Bodega Bay tests
regarding vacuum breaker sizing were conducted by simulating a small break LOCA, which tended
to cause downcomer water level variation, as a preliminary step in the large break test sequence.
The vacuum breaker capacity selected on this test basis is more than adequate (typically by a factor
of four) to limit the pressure differential between the suppression chamber and drywell during post-
accident drywell cooling operations to below the design limit.

An analysis of the drywell negative pressure protection requirements was performed to confirm the
adequacy of the vacuum breaker design to limit the drywell negative pressure to a maximum of 2
psid with respect to the suppression chamber.

The adequacy of the torus-to-drywell vacuum breakers was determined based on three transient
events which conservatively bound the vacuum breaker sizing requirements. The three events are:

1. Inadvertent Spray Operation — The plant is assumed to be operating at normal conditions and
the drywell sprays are actuated.

2. Drywell Spray Following a LOCA — Drywell sprays are actuated following a LOCA event. All of
the drywell air is assumed to be purged to the torus free space and the drywell contains
saturated steam. To analyze this event, both drywell spray loops were assumed to be
simultaneously actuated.

3. Vessel Overflow Through Break — For this case, the drywell sprays are not used for
condensation. Instead, it is assumed that, following a LOCA, the flow of water entering the
reactor pressure vessel cascades through the break and condenses the steam contained in the
drywell.

The analyses concluded that of the 12 vacuum breakers, five complete assemblies or as few as eight
vacuum breakers, consisting of two assemblies and four inboard vacuum breakers, are adequate to
keep the pressure differential below 2 psid. This conclusion is based on results from the bounding
drywell depressurization transient which occurs when the maximum possible flowrate from the
reactor pressure vessel discharges into the drywell following a LOCA.

However, the HPCI and LPCI systems are not capable of injecting at their maximum flow rate
simultaneously. Summing the HPCI and LPCI flow at varying pressure shows the actual maximum
flow rate to be less than LPCI flow at zero psig. Therefore, the analysis shows that any 8 vacuum
breakers are adequate to keep the pressure differential below 2 psig for the maximum possible
depressurization event.

The vacuum breaker sizing requirements, as a function of valve opening time for the vessel overflow
after LOCA transient, are presented in Figure 6.2-11. The figure presents results for both 0.2 and
0.5 psid pressure setpoints. Valves with characteristics that fall within the acceptable region of the
figure satisfy both the 2.0 psid design criteria and prevent water from entering the ring header
during the transient. The latter condition is imposed because if water were to enter the ring header,
the steam condensation rate in the ring header could
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significantly increase. The potential then exists to draw water into the drywell through the main
vent which would interfere with the vacuum breaker operation, producing a more severe drywell
depressurization.

Figure 6.2-11 also indicates that with the 12 existing vacuum breakers, the valve opening time
cannot exceed 2.25 and 1.75 seconds for pressure setpoints of 0.2 and 0.5 psid, respectively.

The vacuum breaker assemblies are located within a 225° arc to the north side of the torus. In the
event that vacuum breakers are sealed or removed, the two outermost assemblies (located at
azimuthal angles of 112° 30' and 247° 30") should remain operable, if possible, to achieve symmetric
depressurization of the drywell.

A number of improvements have been made to these valves subsequent to initial plant licensing.
The valve seats have been replaced by seats made of
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ethylene-propylene, the valve disk hub has been replaced by a 304 stainless steel hub, the valve disk
has been changed from cast aluminum to wrought aluminum, and new phosphor-bronze shaft
bushings and seals with ethylene-propylene O-rings have been installed to replace the original teflon
bushings which tended to cause the valve to stick.

To monitor the valve disks for proper closure, the position indication switches have been modified to
allow detection of valve opening in excess of Y16 inch.

Subsequent to the installation of the wrought aluminum disks, an analysis was performed to
determine the structural integrity of the vacuum breaker valves under postulated hydrodynamic
loads in a post-LLOCA condition. Refer to Section 6.2.1.3.5.2.7 for a discussion of condensation
oscillation and chugging phenomena. Results of this analysis indicated that all stresses were within
the allowable limits as defined in ASME Section III, Subsection NC for Class 2 Components, 1977,
including the Summer 1977 addenda.

Following this analysis, a refined load evaluation resulted in lower pallet impact velocities than
originally calculated. The refined analysis shows that the vacuum breakers will not actuate during
the chugging transient. The NRC has evaluated these analyses and concluded the existing vacuum
breaker design is adequate.

6.2.1.2.5 Drywell Pneumatic System

The drywell pneumatic system takes a suction from the drywell atmosphere and compresses the gas
(either air or nitrogen) for use by pneumatically operated equipment in the containment. The
drywell pneumatic system is described in Section 9.3.

6.2.1.2.6  Drywell-to-Suppression Pool Differential Pressure Control System

During normal operation, a system consisting of two 100% design capacity compressors, a receiver,
differential pressure control, and associated piping maintains a pressure differential between the
drywell and the suppression chamber (see Drawings M-25 and M-356). This system is referred to as |
the pumpback system. The pumpback system maintains drywell pressure slightly above suppression
chamber pressure to decrease the amount of water standing in the downcomers. This decreases the
dynamic forces on the suppression chamber during a postulated LOCA. During normal operation, a
compressor takes suction from the suppression chamber free air volume via the nitrogen supply line
and discharges to an air receiver. Air from the receiver is discharged to the drywell through a
differential pressure control valve to maintain a pressure differential. The minimum drywell-to-
suppression chamber differential pressure of 1.0 psi was determined during the Mark I Short-Term
Program to provide the required safety margin in the suppression chamber design. All controls are
in the control room.
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In the event that both compressors are unavailable, the differential may be maintained by the
nitrogen inerting system. Refer to Section 6.2.5 for a description of the nitrogen inerting system.

The pumpback system is cross-connected with the drywell pneumatic system and supplies
compressed gas to the associated instruments and actuators. The reverse is not true, however, since
the capacity of the drywell pneumatic compressors is not sufficient to maintain a 1-psi differential
from the drywell to the torus. The drywell pneumatic system is discussed in Section 9.3.

6.2.1.2.7 Containment Venting

A primary containment system vent is provided which is normally closed. The vent design permits
the vent discharge to be routed to the standby gas treatment system (SBGTS) or the reactor building
ventilation system so that release of gases from the primary containment is controlled, with the
effluents being monitored before discharge through the stack. Test connections are provided
between the double inlet and outlet vent valves to permit checking for leaktightness in accordance
with 10 CFR 50, Appendix J as described in Section 6.2.6.

The containment may be vented to minimize pressure fluctuations caused by air temperature
changes during various operating modes. This is accomplished through ventilation purge
connections, which are normally closed while the reactor is at a temperature greater than 212°F.
The suppression chamber may be vented separately.

Purging and venting will be strictly limited to those operations necessary to inert or deinert the
containment, control containment pressure, reduce containment oxygen concentration, or establish
and maintain a pressure differential between the drywell and suppression chamber. The
containment vent, purge, and inerting system is described in Section 6.2.5. Also refer to Section
6.2.7 for a description of the augmented primary containment vent system (APCVS).

As shown in Drawings M-25 and M-356, the purging and venting system consists of 18-inch, 6-inch,
and 2-inch containment isolation valves that automatically close on either high drywell pressure,
drywell high radiation, or reactor low water level signals (Group 2). Refer to Section 6.2.4.2.4 for a
description of these isolation valves.

6.2.1.2.8 Containment Instrumentation

A suppression pool temperature monitoring system is installed to provide average and local pool
temperature indication and alarms in the control room.[?! Sixteen thermocouples are installed
around the torus, one in each torus bay, with a set of eight thermowells on the inner circumference,
and another set of eight thermowells on the outer circumference, forming two independent channels.
They
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are placed below normal water level, near the normal center of gravity of the water mass and
horizontally equidistant. The individual sensors for each channel are continuously recorded in the
control room.

The original containment pressure and suppression pool water level instruments have been modified
to meet the requirements of NUREG-0578, Section 2.1.9 to provide a wider range of indications.
Both instruments provide indication in the control room. Water level indication is from the bottom
to near the top of the suppression pool. This indication allows determination of suppression pool
water inventory during emergency conditions. The pressure instrument displays pressures from -5
psig to four times containment design pressure (62.5 psig) or 250 psig.

The drywell temperature monitoring system monitors drywell temperature at predetermined
locations and records the temperatures so that the temperature effects on environmentally qualified
(EQ) equipment located in the drywell can be determined.

As a result of the Unit 2 drywell high temperature event,[® the location of the Unit 3 drywell
thermocouples in relation to the EQ equipment was evaluated. The analysis revealed that only 12
of the 28 drywell thermocouples monitored EQ equipment. As a result, existing thermocouples
which previously monitored areas with non-EQ equipment were relocated to areas near EQ
equipment.

Similarly, various Unit 2 drywell thermocouples were relocated to provide more meaningful
temperature indications.

To meet Regulatory Guide 1.97 requirements, eight drywell atmosphere thermocouples have been

environmentally qualified. Refer to Section 3.11 for a description of the EQ Program and to Section
7.5 for a description of the R.G. 1.97 Program.

6.2.1.3 Design Evaluation

6.2.1.3.1  Sizing of the Primary Containment

The design parameters for the primary containment system are based on data obtained from the
Bodega Bay tests, conducted for Pacific Gas and Electric Company (PG&E) at the Moss Landing
steam plant in 1962.111 By juxtaposition of the Unit 2 and 3 data with the Bodega Bay data, the
following design values were determined.

A. The drywell and suppression chamber and connecting vent system tubes are designed for
62 psig internal pressure at 281°F. The application of the Bodega Bay pressure
suppression test data to the Dresden primary containments established a drywell
pressure of 62 psig (including a 10 psi margin) and a suppression chamber pressure of 35
psig (including a 5
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psi margin) as design requirements. To simplify pressure tests of the primary
containment, the suppression chamber design pressure was set equal to that of the
drywell, at 62 psig. The drywell and connecting vents are designed for an external-to-
internal pressure differential of 2 psi at 281°F, and the suppression chamber is designed
for an external-to-internal pressure differential of 1 psi at 281°F. The peak drywell
(airspace) temperature at 2957 MWt is 291°F, which is above the drywell shell design
temperature of 281°F. However, the drywell airspace temperature peaks briefly as
shown in Figure 6.2-33. Because the drywell shell heatup is governed by heat transfer
phenomena that require sustained high temperatures in the drywell atmosphere, this
brief peak in the drywell airspace temperature results in a drywell shell temperature
below 281°F.

B. The drywell is designed to withstand a local hot spot temperature of 300°F with a
surrounding shell temperature of 150°F, concurrent with the design pressure of 62 psig.

C. The minimum total vent line cross-sectional area is the total design accident break flow
area, divided by 0.0194. The entrance area around the jet deflection baffles from the
drywell to the vent lines is a minimum of 1.4 times the vent line area to minimize
entrance losses.

D. The ASME Code impact test requirements for materials used for pressure-containing
parts of the primary containment vessel call for the establishment of the lowest metal
temperature that will be experienced while the unit is in operation. The lowest
temperature to which the primary containment vessel pressure-containing parts could
actually be subjected while the unit is in operation is 50°F, because the primary
containment system is housed in a building which is maintained at or above this
minimum temperature during reactor operation, and the containment vessel pressure-
containing parts would be maintained at or above this temperature while subjected to
post-accident design loadings. To provide an additional factor of safety, the design basis
minimum service metal temperature was established as 30°F.

The size of the reactor vessel and associated auxiliary equipment dictated the required drywell
dimensions. The lower part of the drywell is a sphere with an inside diameter of 66 feet; the upper

part of the drywell is a cylinder 46 feet high with an inside diameter of 37 feet.

The volume of the drywell vessel, including connected vent lines is:

Gross Volume 198,440 ft3
Occupied Space 40,204 ft3
Net Free Volume 158,236 ft3

The total volume of the coolant in the reactor process system, which could be discharged into the
drywell and carried over into the suppression chamber during an accident, was calculated to be
10,030 cubic feet. This calculation considered the reactor coolant system, the recirculation system,
the main steam system, the feedwater system, the cleanup system, the isolation condenser system,
and the shutdown cooling system.
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The amount of water required to absorb the reactor system sensible heat was based upon a 50°F rise
in the suppression chamber water temperature, 10 seconds of full power operation, and a
temperature reduction from 550°F to 281°F for the reactor vessel and internals, reactor coolant,
recirculation water, main steam system, feedwater system, cleanup system, shutdown cooling
system, and isolation condenser system. The minimum water volume required to meet these
criterion was calculated to be 112,200 cubic feet.

The size of the suppression chamber was calculated using the gas law equation, performing a ratio
for initial and final conditions and solving for Va:

_PViT2
P>Ti

Va2

where:

V2 = Vaw (gas volume of suppression chamber) - 10,030 ft3 (carryover volume)

V1 = Vb (volume of drywell) + Vaw

P1 =14.7+ 0.5 - 0.8 (vapor pressure of water at T1) = 14.4 psia

P2 =29.0+ 14.7 - 3.3 (vapor pressure of water at Ts) = 40.4 psia

T:1 =555°R (95°F) (operational temperature limit)

Ts =605°R (145°F)

From this it was determined that:

Vaw = 117,000 ft3

This value represents the free volume required in the gas space of the suppression chamber to limit
the suppression chamber pressure to 29 psig at 145°F assuming an initial pressure of 0.5 psig at 95°.

This volume was used to calculate the required suppression chamber dimensions as described below.

The design suppression chamber water volume was determined to be 115,600 ft3. This provides the
minimum volume required for heat absorption, 112,200 ft3, plus 3,400 ft3 for level control.

The structural material volume, which includes structural members within the suppression chamber
and the contained volume of vent piping, was determined to be 14,400 ft3. Combining these volumes
yielded:

Gross Volume of Suppression Chamber = 247,000 ft3

From this calculated value for the gross volume of the suppression chamber, the suppression

chamber dimensions of 109-foot major diameter with 30-foot minor diameter were derived. As a
result of modifications made during the Mark I
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Program, the gross volume was recalculated by more precise methods as described below.

The vent pipe area is equal to the design accident flow area divided by 0.0194, in accordance with the
Bodega Bay test results. The as-installed design consists of eight vent pipes having a total minimum
area of 302 square feet. This area results in the peak drywell containment pressure following the
accident as discussed in Section 6.2.1.3.2.

Subsequent to the initial design calculations, as a result of the Mark I Containment Program, the
following values have been established for the suppression chamber:

Gross volume of suppression chamber 245,400 ft3

Downcomer submergence 3.67 ft to 4.0 ft

Water volume 116,300 ft3 to 119,800 ft3
Air volume 112,800 ft3 to 116,300 ft3
Structural material volume 12,100 ft3

Volume associated with 1.0-psi1 700 ft3

drywell-to-suppression chamber
differential pressure

The revised gross volume of the suppression chamber (245,400 ft3) was calculated based on actual as-
constructed dimensions. The water volumes were calculated based on water levels corresponding to
a downcomer submergence of 3.67 feet to 4.0 feet, as analyzed in the Mark I Containment Program.
The structural material volume was calculated based on the Mark I modifications and the removal of
suppression pool baffles. A differential pressure of 1.0 psi between the drywell and the suppression
chamber, which was established during the Mark I program as an operational requirement to
mitigate hydrodynamic loads, results in a 700-cubic foot displacement of suppression pool water.
Based on these values, the remaining air volume was established.

In conjunction with the Mark I Containment Program, a plant unique structural analysis [l was
performed for Dresden Units 2 and 3. This analysis was based on pool swell loads [8 determined
from plant unique tests. These tests were based on a downcomer submergence of 3.67 - 4.00 feet.
The suppression chamber water and airspace volumes corresponding to these submergences were
taken from the FSAR as 112,203 - 115,655 ft3. Modifications were performed based on these
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analyses to restore the margin of safety required in the original containment design.

After completion of the Mark I Containment Program, it was determined that the water volumes
specified in the plant unique load definition 8] and the plant unique analysis!? actually correspond to
a downcomer submergence of 3.21 to 3.54 feet at zero differential pressure. An evaluation concluded
that affected components were still within the allowables established for the Mark I Containment
Programl®. This evaluation concluded that the present volume, corrected for the 1.0 psid
overpressure in the drywell, does not adversely affect the existing analyses, and that the maximum
component stresses reported in the plant unique analysis are still valid and meet the criteria of
NUREG-0661. See Section 6.2.1.3.6.2 for additional discussion of the Mark I acceptance criteria.
Refer to Section 6.2.1.3.6.4.2 for a description of the details of the reevaluation.

A plant unique structural analysis was performed based on operation at full power of 2957 MWt.
The suppression chamber water and airspace volumes were 115,000 and 112,800 ft3. The analysis
were compared to loads (Reference 71) determined from plant unique tests. The calculated dynamic
loads (pool swell, vent thrust, condensation oscillation, and chugging) analyzed at 2957 MWt are
bounded by their respective loads already defined (see Sections 6.2.1.3.4, 6.2.1.3.5 and 6.2.1.3.6).

6.2.1.3.2 Containment Response to a Loss-of-Coolant Accident

In order to identify containment response to a loss of coolant (LOCA) accident, several analyses were
performed. These analyses were performed to evaluate the containment short-term and long-term
pressure and temperature response following the Design Basis Accident (DBA) LOCA. The
containment analyses uses the General Electric methodology, which has been reviewed and approved
by the NRC. The M3CPT code (Reference 62) is used to model the short-term (up to 30 seconds)
DBA-LOCA containment pressure and temperature response. The LAMB code (Reference 66) is
used to generate the break flow rates and break flow enthalpies that serve as inputs to M3CPT. The
SHEX code (References 62 and 69) is used to analyze the containment pressure and temperature
response for other than the short-term DBA-LOCA.

Containment pressure and temperature responses were calculated for Dresden Units 2 and 3 for
DBA, IBA, and SBA conditions as well as calculations to support assessment of minimum NPSH
availability. These calculations were based on operation at full power of 2957 MWt with the
operational pressure difference between the drywell and wetwell.

The containment analysis for GE14 fuel bounds the SVEA-96 Optima2 fuel in the Dresden reactors
(Reference 74).

6.2.1.3.2.1 Containment Short-Term Response to a Design Basis Accident

The spectrum of postulated break sizes with respect to reactor core response is discussed in Section
6.3.3.2. The following information covers the effects of a LOCA on the containment, with particular
emphasis on the most severe break: the doubled-ended rupture of one of the 28-inch-diameter
recirculation pump suction lines. For the purpose of sizing the primary containment, an
instantaneous, circumferential break of this line was hypothesized. The LOCA involving the
recirculation pump suction line would occur upstream of point 1 on Figure 6.2-14.
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For the vessel blowdown, the reactor was assumed to be operating at 102% of full power of 2957
MWt, or 3016 MWt.
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If the equalizer line valve is closed (the normal operating condition), the flow will choke in the
nozzles of the 10 jet pumps on the jet pump header of the broken line. The total blowdown flow area
in the limiting case is 4.261 ft2. |

Power production in the reactor was assumed to cease essentially at time zero due to void formation, |
as well as scram. Release of the sensible heat stored in the fuel above 545°F and the core decay heat
was included in the vessel blowdown calculation. The rate of energy release was calculated using a
conservatively high heat transfer coefficient throughout the blowdown. Because of this high energy
release rate, the vessel would be maintained at near rated pressure for almost 10 seconds. The high
vessel pressure increases the calculated blowdown flowrate, which is conservative for containment
analysis purposes.

With the vessel fluid temperature remaining near 545°F, the release of sensible energy stored below
545°F is negligible during the first 10 seconds; the later release of this sensible energy does not affect
the peak drywell pressure. The small effect of this energy on the end-of-transient pool temperature
1s included in the calculations.

The main steam isolation valves were assumed to start closing at 0.5 seconds after initiation of the
accident, and were assumed to close at the fastest possible rate (3.5 seconds to fully closed).
Actually, the isolation signal is expected to come from reactor low-low water level, so these valves
may not receive a signal to close for over 4 seconds, and the closing time could be as high as 5
seconds. Assuming rapid closure of these valves maintained the reactor vessel at a higher pressure
during the blowdown, resulting in a calculated drywell pressure transient more severe than actually
expected.

The relatively cold feedwater flow, if considered, tends to depressurize the reactor vessel, thereby

reducing blowdown flowrates. Therefore, the feedwater flow was conservatively assumed to stop
instantaneously at time zero.
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The GE computer code M3CPT is used to analyze the short-term response of pressure suppression
containment system to LOCA events where the primary system rupture occurs within the drywell.
The basic containment modeling used in M3CPT is described in Reference 62. The M3CPT code
models the containment system as three separate but interrelated models; namely, the vessel
blowdown model, drywell model and wetwell model. The code calculates the pressure and
temperature histories of the drywell and wetwell and the mass and energy interchange between
these volumes and the reactor primary system. The use of the M3CPT code has been accepted by the
NRC for calculating the short-term response of the containment system to LOCAs from the start of
the transient until operator intervention via Automatic Depressurization System (ADS) or until the
reactor blowdown is complete, whichever comes first. The GE containment analysis methods have
been reviewed by the NRC (References 63, 64 and 65).

For the containment response analysis, these break flows and break enthalpies are calculated with
the LAMB code. Reference 66 describes the more detailed LAMB vessel model used to calculate
break flow rates used as input to the M3CPT code. For the 2957 MWT analysis, the LAMB
blowdown flow rates, used as input to M3CPT, are calculating using Moody’s Slip flow model
(Reference 67). The Slip flow model is a conservative model and is the same model used in Appendix
K calculations.

The use of the LAMB blowdown flow in M3CPT was identified in Reference 68 by reference to the
LAMB code qualification in Reference 66. The M3CPT code itself is still used to calculate the
drywell pressurization rate, vent clearing time, vent clearing pressure and peak drywell-to-wetwell
pressure difference, used in evaluating the DBA-LOCA hydrodynamic loads.

The GE computer code SHEX is used to perform the analysis of the long-term containment pressure
and temperature responses to LOCAs and transients until after the suppression pool temperature
peaks. The key models used in the SHEX code are described in References 62 and 69. This
methodology is consistent with Reference 68. The SHEX code uses a coupled pressure vessel and
containment model. The code performs fluid mass and energy balances on the reactor primary
system, the suppression pool, and the drywell and wetwell airspace. The Boiling Water Reactor
(BWR) primary system, feedwater system, Emergency Core Cooling System (ECCS), and SRVs are
also modeled to the extent that their response affects that of the containment system. The code
calculates the suppression pool bulk temperature, and the pressures and temperatures in the
drywell and wetwell airspaces.

The use of the SHEX code has been accepted by the NRC (Reference 70) for calculating the response
of the containment during an accident or a transient event and has been applied to the evaluation of
containment response for many BWR plants.

The SHEX code is used to perform the long-term containment analysis (after 600 seconds when
containment cooling operation is assumed) as well as the short-term (defined here as the first 600
seconds) and long-term containment analyses for the NPSH evaluation. Reference 70 provides
NRC’s acceptance of the usage of the SHEX code in the analyses of long-term containment pressure
and temperature response.
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The drywell pressure response was calculated using an analytical model developed on the basis of
the Bodega Bay and Humboldt Bay pressure suppression tests at the Moss Landing facility. The
model has been found to accurately predict the test data over a wide range of system parameters.

The drywell pressure response calculation utilizes Moody's model. Using the blowdown rates
calculated using Moody's model, the pressure response of the containment was calculated using the
following assumptions:

A. Thermodynamic equilibrium exists in the drywell and suppression chamber;

B. The composition of the fluid flowing in the vents is based on a homogeneous mixture of
the fluid in the drywell;

C. The flow in the vents is compressible except for the liquid phase;

D. There is no heat loss from the contained gases.
Concerning the first assumption, a gas mixing analysis has shown that the system pressure changes
by only 2 psi if complete separation of the air and steam is assumed. Since complete mixing should
be nearly achieved, the error due to assuming complete mixing would be negligible and in the
conservative direction. Therefore, the following general equilibrium state relationship was used in
the analysis:

Ep/Mwp = et + (ete/vezs) (VD/Mwp - vi) + Cva (Man/Mwp) (Tp + 460) 3)

Ep = Total internal energy in the drywell

Mwp = Mass of steam and water in the drywell
Map = Mass of air in the drywell
Vp = Free volume of the drywell

Tp = Temperature of the drywell, °F

ef,er; = Specific internal energy of saturated liquid and vaporization, respectively

Vi, Vig Specific volume of saturated liquid and vaporization, respectively

Cva = Specific heat at constant volume of air

Application of the second assumption results in complete liquid carryover into the drywell vents.
Realistically, some of the liquid would remain behind in a pool on the drywell floor. Thus, the
calculated drywell pressure is conservatively high.

In the development of the drywell flow model, it was noted that the mass fraction of liquid in the
drywell was on the order of 0.60, while the volumetric fraction was
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only about 0.005. This fact resulted in the following interpretation of the flow pattern. The liquid is
in the form of a fine mist that is carried along by the predominately steam airflow which affects the
inertia term of the momentum equation. Except for this modification, the flow was treated as
compressible flow of an ideal gas in a duct with friction. The loss coefficients of the vent / vent-
header / downcomer system were lumped as an equivalent length of pipe.

The accuracy of this interpretation with respect to the effects of liquid carryover is supported
primarily by the Humboldt Bay pressure suppression tests.['2l In this series of tests, changes in the
drywell geometry resulted in variations in the amount of liquid carryover achieved. The liquid
remaining in the drywell at the end of the test was measured and recorded. Fortunately, these tests
were performed with a relatively small diameter orifice so that the vessel blowdown can be
accurately calculated using Moody's critical flow model.[197 In Figure 6.2-15, the calculated and
measured pressure responses for these tests are shown. Note that with 100% carryover, the
agreement was excellent. In that test, the drywell was preheated to 184°F before the blowdown was
started, which prevented any condensation on the drywell walls. A calculated response with the
effects of condensation considered and with no carryover is also shown in Figure 6.2-15. Again, the
agreement with the measured response was excellent.

The model has been checked against both the Humboldt Bay and Bodega Bay pressure suppression
tests for a wide range of break sizes. Due to the overprediction of blowdown flowrates, as discussed
in the previous paragraphs, the model was found to overpredict most existing test data. For those
tests where the blowdown was accurately predicted, the drywell response was also accurately
predicted. The model has been compared against the test data for two of the smaller orifices tested
in Figures 6.2-16 and 6.2-17. As can be seen in the figures, the vessel blowdown was accurately
reproduced for these tests. The drywell pressure response was slightly overpredicted. The
overprediction is believed to be due to a combination of no condensation assumed in the calculated
response, slight overprediction of vessel blowdown flowrates, and incomplete liquid carryover into
the drywell vents.

As the size of the vessel orifice increases, the vessel blowdown rate is overpredicted and the
overprediction of peak drywell pressure increases. This trend is illustrated in Figure 6.2-18, where
calculated and measured peak drywell pressures are compared. It is important to note that in no
case did the model underpredict the test data.

The temperature, pressure, and relative humidity assumed in the drywell were based on
conservative estimates of normal operating values. A steam prepurge of the drywell was not

assumed for two reasons:

A. Reactor scram due to high drywell pressure precludes complete prepurging of the drywell
and

B. The prepurging of the drywell only increases the peak drywell pressure by approximately
1 psi.
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Statement B may appear to contradict existing test data which shows as much as an 11-psi increase
in peak drywell pressure due to prepurging. This apparent disparity is attributable to the effects of
two phenomena discussed below.

A. Condensation on drywell walls: Due to the high ratio of drywell wall surface area to
blowdown flow area, the effects of condensation reduced the peak drywell pressure in
tests with cold drywell walls. Prepurging eliminated any significant surface
condensation, and higher peak drywell pressures resulted. The calculation of peak
drywell pressure did not take credit for surface condensation with or without prepurging.

B. Liquid carryover into drywell vents: The calculation of peak drywell pressure assumes
complete carryover of all liquid in the drywell into the drywell vents which increases the
peak drywell pressure. However, test data from the Humboldt Bay series of pressure
suppression tests[12l reveal that carryover is more likely to be complete if the drywell is
initially hot. Hence, the increased carryover would increase the measured pressure
compared to a test with less carryover; i.e., one with no purge. Hence, prepurging of the
drywell does not significantly affect the peak drywell pressure so long as condensation is
neglected and complete liquid carryover is assumed for both the prepurged and
nonprepurged cases.

The pressure and temperature response of the containment for 2957 MWt are calculated using the
General Electric methodology which has been reviewed and approved by the NRC. The short-term
pressure responses are shown in Figure 6.2-31 with a peak drywell pressure of 43.9 psig, which is
well below the design pressure of 62 psig. The short-term suppression pool temperature are shown
in Figure 6.2-33.

Additional analyses of the containment pressure and temperature response to small break accidents
(SBA), intermediate break accidents (IBA), and the DBA were conducted as part of the Mark I
Program. Refer to Section 6.2.1.3.6.4 for a description of these additional analyses.

On June 5, 1970, Dresden Unit 2 experienced a transient which caused a safety valve to open and
fail to reseat. As a result, the containment atmosphere is postulated to have reached 320°F after
approximately 1 hour. A general case in which the containment wall is postulated to be 340°F has
been analyzed to demonstrate the adequacy of the containment. It was found that as a result of
thermal expansion of the drywell shell against the concrete walls of the containment structure, the
thermally induced loads for 340°F at 0.5 psig are the same as for the design condition of 281°F at
zero psig. At 340°F and zero psig the loads are slightly greater and result in a slight decrease in
safety factor from 2.2 to 1.9. Therefore, it was concluded that the containment structure (design
temperature of 281°F) provides adequate safety margin for the maximum steam superheat
temperature of 340°F.
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6.2.1.3.2.2 Containment Long-Term Response to a Design Basis Accident (DBA)

The long-term DBA-LOCA analysis assumes that one CS pump and two LPCI pumps are operating
before 600 seconds. At 600 seconds into the event, the operator is assumed to switch one LPCI
operation to Containment Cooling operation, while activating one service water pump and then
turning off one LPCI pump. The following are the key assumptions for the long-term DBA-LOCA
containment response analysis performed to obtain peak pool temperature. This analysis is different
from the long-term DBA-LOCA analysis for NPSH, regarding the assumptions affecting the
containment pressure response. In this analysis, the operator is assumed to initiate pool cooling and
containment initial conditions such as pressure and humidity are determined such that the pressure
response is maximized. On the other hand, for the NPSH-related DBA-LOCA analysis, activation of
containment sprays is assumed with containment initial conditions minimizing the pressure
response. Key input values assumed for this long-term DBA-LOCA are given in Tables 6.2-3, 6.2-3a,
and 6.2-3b.

Some of the key assumptions are:

1. The DBA-LOCA is an instantaneous double-ended guillotine break of the recirculation suction
line at the reactor vessel nozzle safe-end to pipe weld. The effective break area is 4.261 ft2.

2. The reactor is operating at 102% of rated power (i.e., 3016 MWt) with an initial reactor pressure
of 1005 psig. Concurrent with occurrence of the break, reactor scram occurs.

3. The reactor core power includes fission energy, fuel stored energy, metal-water reaction energy
and ANS 5.1 + 20 decay heat.

4. The initial suppression pool water volume corresponds to the Low Water Level (LWL) to
maximize the suppression pool temperature response.

5. Before 600 seconds, two LPCI pumps and one core spray pump are used for ECCS. After 600
seconds, only one core spray pump is used.

6. Only one Containment Cooling loop with one heat exchanger is available for containment
cooling, starting at 10 minutes.

7. The Containment Cooling flow rate is 5000 gpm, and the Containment Cooling heat exchanger
K-value is 262 Btu/sec-°F.

8. The Containment Cooling service water temperature is at the maximum value of 98°F to
maximize the suppression pool temperature response.

9. Passive heat sinks in the drywell, wetwell airspace and suppression pool are conservatively
neglected to maximize the suppression pool temperature. According to acceptable practices, the
heat sinks are conservatively neglected for the DBA-LOCA, wile they are taken into account for
other events, such as steam line breaks and IBA.

10. Condensate Storage Tank (CST) water inventory is not available for vessel makeup. The

containment pressure and suppression pool temperature response for are plotted in Figures 6.2-
19 and 6.2-20.
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6.2.1.3.3 Containment Response to a DBA-LOCA for Minimum NPSH

The DBA-LOCA analysis for NPSH is performed for two time periods: short-term (up to 600
seconds) and long-term (after 600 seconds).

The following are the key assumptions for the short-term containment response to DBA-LOCA for
minimum NPSH.

For the DBA-LOCA for short-term NPSH evaluation (600 seconds), the analysis is based on a single
failure of the loop selection logic. Consequently, the flow from all four LPCI pumps goes into the
broken recirculation loop and subsequently discharges into the drywell directly. The maximum
runout flow rate is assumed. Both core spray pumps are operating with the maximum flow rate.

Minimum initial drywell and wetwell pressures and maximum initial drywell humidity are assumed.
This minimizes the amount of non-condensable gas in the containment, which minimizes the
pressure response. The initial suppression pool water volume corresponds to the Low Water Level
(LWL) to maximize the suppression pool temperature response.

Key input values assumed for DBA-LOCA analysis for NPSH are given in Tables 6.2-3, 6.2-3a.

As a result of the large LPCI injection directly into the drywell during the first 10 minutes, a
significant reduction in drywell pressure and temperature produced a reduction of pressure in the
suppression chamber. Figure 6.2-19b shows the short-term containment pressure response for
NPSH due to DBA-LOCA. Figure 6.2-20b shows the short-term containment suppression pool
temperature response for NPSH due to DBA-LOCA.

The assumptions listed in Section 6.2.1.3.2.2, which are applicable for the long-term DBA-LOCA
analysis for peak pool temperature, are used for the minimum NPSH analysis with the following
exceptions:

1. Minimum initial drywell and wetwell pressures and maximum initial drywell humidity are
assumed. This minimizes the amount of non-condensable gas in the containment, which
minimizes the pressure response.

2. Containment cooling is achieved by operating one Containment Cooling loop at 600 seconds in
the containment spray mode (drywell and wetwell sprays), instead of the pool cooling mode. This
will minimize the containment pressure response, since cold water sprays will bring down the
pressure.

3. The drywell and wetwell spray flow rates are 4750 gpm and 250 gpm, respectively. The total
Containment Cooling heat exchanger K-value is 281.7 Btu/sec-°F.

4. The Containment Cooling service water temperature is at a maximum value of 95°F.

5. Passive heat sinks in the drywell and wetwell airspace are modeled to minimize the pressure
response.

Figures 6.2-19¢ and 6.2-20c present the containment pressure and temperature response for the
long-term DBA-LOCA for NPSH. It is noted that the early portion (before 600 seconds) of the plots
for the long-term DBA-LOCA should not be used. For this time period, the short-term DBA-LOCA
results should be used.
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6.2.1.3.4  Mark I Program Description for Reevaluation of Containment Response to
Hydrodynamic Loads

This subsection describes the analysis performed to resolve new loadings identified after the original
design of the primary containment.[13]

The first generations of GE BWR nuclear steam supply systems are housed in a containment
structure designated as the Mark I containment system. Dresden Units 2 and 3 utilize Mark I
Containments.

The original design of the Mark I containment system considered postulated accident loads
previously associated with containment design. These included pressure and temperature loads
associated with a LOCA, seismic loads, dead weight loads, jet impingement loads, hydrostatic loads
due to water in the suppression chamber, overload pressure test loads, and construction loads.

In the course of performing large-scale testing of an advanced design pressure-suppression
containment (Mark III), and during in-plant testing of Mark I containments, new suppression pool
hydrodynamic loads, which had not been explicitly included in the original Mark I containment
design basis, were identified. These additional loads result from dynamic effects of drywell air and
steam being rapidly forced into the suppression pool (torus) during a postulated LOCA and from
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suppression pool response to SRV operation generally associated with plant transient operating
conditions. Since these hydrodynamic loads had not been explicitly considered in the original design
of the Mark I containment, the NRC determined that a detailed reevaluation of the Mark I
containment system was required.

To better understand the reasons for reevaluating the Mark I containment design, the historical
development of the original Mark I containment design basis is presented here. The Mark I
containment design was based on experimental information obtained from testing performed on a
pressure-suppression concept for the Humboldt Bay Power Plant and from testing performed for the
Bodega Bay Plant concept. The purpose of these initial tests, performed from 1958 through 1962,
was to demonstrate the viability of the pressure-suppression concept for reactor containment design.
The tests were designed to simulate LOCAs with breaks in piping sized up to approximately twice
the cross-sectional break area of the design basis LOCA. The data from these tests were the primary
experimental bases for the design of the Mark I containment system.

During the large-scale testing of the Mark III containment system design, in the period 1972
through 1974, new suppression pool hydrodynamic loads were identified for the postulated LOCAs.
GE tested the Mark III containment concept in its Pressure Suppression Test Facility (PSTF). These
tests were initiated for the Mark III concept because of configurational differences between the
previous containment concepts and the Mark III design. More sophisticated instrumentation was
available for the Mark III tests, as were computerized methods for data reduction. It was the PSTF
testing that first identified the short-term dynamic effects of drywell air being forced into the
suppression pool in the initial stage of the postulated LOCA. This air injection into the suppression
pool water results in a pool swell event of short duration. In this event, a slug of water rises and
impacts the underside of structural components within the suppression chamber.

In addition to the information obtained from the PSTF data, other LOCA-related dynamic load
information was obtained from foreign testing programs for similar pressure-suppression
containments. It was from these foreign tests that oscillatory condensation loads during the later
stages of a postulated LOCA were identified.

Experience at operating plants indicated that SRV discharges to the suppression pool would cause
oscillatory hydrodynamic loads on the suppression chamber. Both the LOCA and SRV discharges
are characterized by an initial short-period injection of air, followed by a longer period of steam
discharge, into the suppression pool.

Consequently, in February and April of 1975, the NRC transmitted letters to all utilities owning
BWR facilities with the Mark I containment system design, requesting that the owners quantify the
hydrodynamic loads and assess the effect of these loads on the containment structure. The February
1975 letters reflected NRC concerns about the dynamic loads from SRV discharges, while the April
1975 letters indicated the need to evaluate the containment response to the newly identified dynamic
loads associated with a postulated design basis LOCA.
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Recognizing that the additional evaluation effort would be very similar for all Mark I BWR plants,
the affected utilities formed an "ad hoc" Mark I Owners Group. The objectives of the group were to
determine the magnitude and significance of these dynamic loads as quickly as possible and to
identify courses of action needed to resolve any outstanding safety concerns. The Mark I Owners
Group divided this task into two programs: a short-term program (STP) to be completed in early
1977 and a long-term program (LLTP) to be completed in 1979.

The STP objectives were to verify that each Mark I containment system would maintain its integrity
and functional capability when subjected to the most probable loads induced by a postulated design
basis LOCA, and to verify that licensed Mark I BWR facilities could continue to operate safely,
without endangering the health and safety of the public while a methodical, comprehensive LTP was
being conducted.

The STP structural acceptance criteria used to evaluate the design of the torus and related
structures were based on providing adequate margins of safety (i.e., a safety-to-failure factor of 2), to
justify continued operation of the plant before the more detailed results of the LTP were available.

A short-term program plant unique evaluation was performed for Dresden 2 & 3. The evaluation
concluded that a sufficient margin of safety had been demonstrated to assure the functional
performance of the containment system and, therefore, any undue risk to the health and safety of the
public was precluded.

The basis for the NRC's conclusions relative to the STP are described in NUREG-0408.
Subsequently, the NRC granted the operating Mark I facilities exemptions relating to the structural
factor of safety requirements of 10 CFR 50.55(a). These exemptions were granted for an interim
period of approximately 2 years, while the more comprehensive LTP was being conducted.

The LTP objectives were to establish design-basis (conservative) loads that are appropriate for the
anticipated life of each Mark I BWR facility (40 years) and to restore the originally intended design-
safety margins for each Mark I containment system.

The content of the LTP was documented in the Mark I Containment Program, Program Action
Plan.l'4 The principal thrust of the LTP was the development of generic methods for the definition
of suppression pool hydrodynamic loading events and the associated structural assessment
techniques for the Mark I configuration.

The generic aspects of the Mark I Owners Group LTP were completed with the submittal of the
Mark I Containment Program Load Definition Report (LDR),[5l and the Mark I Containment
Program Structural Acceptance Guide (PUAAG),[16] as well as supporting reports on the LTP
experimental and analytical tasks.[17 The generic analysis techniques were used to perform a plant
unique analysis to confirm the adequacy of the modifications made to the containment structures
and related piping. This analysis was documented in the Plant Unique Analysis Report (PUAR),[
which shows that the original margins of safety in the containment design have been restored.
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6.2.1.3.4.1 Loss-of-Coolant-Accident-Related Hydrodynamic Loads
A postulated LOCA results in several dynamic loading conditions. The postulated sequence of events

during the LOCA and the associated potential dynamic loading conditions are shown in Figure 6.2-
21 and described below.

6.2.1.3.4.1.1  Pool Swell Phenomena

With the instantaneous rupture of a steam or recirculation line, a shock wave exits the broken
primary system pipe and expands into the drywell atmosphere. At the break exit point, the wave
amplitude theoretically is equal to reactor operating pressure (1000 psia); however, there would be
rapid attenuation as the wave front expands spherically outward into the drywell. Further
attenuation would occur as the wave enters the drywell vent system and progresses into the
suppression pool.

Since there would be a very rapid drywell pressure increase associated with the postulated LOCA, a
compression wave would propagate into the water initially standing in the downcomers. Before this
water is cleared from the downcomers, this compression wave would propagate through the
suppression pool and result in a dynamic loading on the suppression chamber (torus). The
compression wave would also result in a dynamic loading condition on structures within the
suppression pool.

Immediately following the postulated LOCA, the pressure and temperature of the drywell
atmosphere would increase. Subsequently, pressure and temperature would also increase in the
vent system and would lead to mechanical and thermal loadings on the vents, vent header, and
downcomers.

With the drywell pressure increase, the water initially standing in the downcomers accelerates into
the pool, and the downcomers clear of water. During this water-clearing process, a water jet forms in
the suppression pool, and causes a potential water-jet impingement load on the structures within the
suppression pool and on the torus section beneath the downcomers.

Immediately following downcomer clearing, a bubble of air starts to form at the exit of the
downcomers. As the bubble forms, its pressure is nearly equal to the drywell pressure at the time of
downcomer clearing. The bubble pressure is transmitted through the suppression pool water and
results in a downward load on the torus.

When the air/steam flow from the drywell becomes established in the vent system, the initial bubble
expands and, subsequently, decompresses as a result of overexpansion. During the early stages of
this process, the pool will swell in bulk mode (i.e., a ligament of solid water is being accelerated
upward by the air bubble). During this phase of pool swell, structures close to the pool surface
experience impact loads as the rising pool surface strikes the lower surfaces of the structures. This
is followed by drag loads as the pool surface continues to rise past the
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structures. In addition to these impact and drag loads above the pool, there will also be drag loads
as the bubble formation causes water flow past submerged structures and equipment.

As the water slug continues to rise (pool swell), the bubble pressure falls below the torus airspace
pressure. However the momentum of the water slug causes it to continue to rise. This compresses
the air volume above the pool and results in a net upward pressure loading on the torus. The
thickness of the water slug decreases as it rises. Aided by impact of the vent header, it will begin to
break up and evolve into a two-phase "froth" of air and water. The froth will continue to rise as a
result of its own momentum, and it will impinge on structures above the pool breakthrough
elevation.

When the drywell airflow rate through the vent system decreases and the air/water mixture in the
suppression pool experiences gravity-induced phase separation, the pool liquid upward movement
stops and the "fallback" process starts. During this process, structures in the torus could be
subjected to a pressure increase. Following "fallback," waves may develop on the suppression pool
surface, thereby presenting a potential source of dynamic loads on the downcomers, torus, and any
other structures close to the water surface.

The pool swell transient typically lasts on the order of 3 to 5 seconds. Because of the configuration of
the drywell and the volume of the vent system, this period is dominated by the flow of the drywell
atmosphere through the vent system. Steam flow will follow, beginning near the end of the pool
swell transient, with a relatively high concentration of noncondensible gas. Throughout these
periods, there is a significant pressure differential between the drywell and the torus. This, together
with flow-induced reaction forces, leads to structural loads on the vent system.

It should be noted that the Dresden containment is inerted with nitrogen. However, pool swell
experimental studies conducted for the LTP used air as the flowing medium, because of its
availability and the thermalhydraulic similarities of air and nitrogen. Accordingly, the terms
drywell atmosphere and drywell air are often used interchangeably.

6.2.1.3.4.1.2  Loss-of-Coolant-Accident Steam Condensation Phenomena

As the flow of steam through the vent system continues, pressure oscillations will occur in the vent
system and in the suppression pool. Experimental data suggest that the amplitude and frequency of
these pressure oscillations are primarily functions of the mass flowrate through the vent system, the
concentration of noncondensibles in the mass flow, the downcomer submergence, and the
suppression pool temperature. The pressure oscillations will cause loadings on the vent system, the
torus shell, and the structures submerged in the pool.
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Early in the transient, when the mass flow is relatively high, the pressure oscillations appear as a
sinusoidal function with an amplitude varying with time. These oscillations are referred to as
"condensation oscillations (COs)."

When the mass flowrate through the vent system decreases, the pool will begin to reenter the
downcomers intermittently. This period, termed "chugging (CH)," is characterized by fairly irregular
pressure pulses.

The ECCS is designed so that shortly after a postulated LOCA, LPCI will automatically start to
pump water from the suppression pool into the reactor pressure vessel. This water floods the reactor
core and, subsequently, cascades into the drywell through the postulated break. The time at which
this will occur depends upon break size and location. Since the drywell will be full of steam when
the vessel floods, the sudden introduction of water causes steam condensation and drywell
depressurization. As the drywell pressure falls below the torus pressure, the vacuum relief system
allows noncondensibles from the suppression chamber to be drawn into the drywell. Eventually,
enough noncondensibles will return to equalize the drywell and torus pressures; however, during
this drywell depressurization transient, there will be a period of negative pressure on the vent
system within the torus volume. When the mass flow from the break is small, the pressure
oscillations will essentially be terminated.

Following vessel flooding, suppression pool water is continuously recirculated through the core by
the LPCI pumps. The energy associated with the core decay heat will result in a slow suppression
pool heatup. Operators will initiate suppression pool cooling to control suppression pool
temperature. After several hours, the containment cooling heat exchangers will terminate the
increase in the suppression pool temperature. Refer to Section 6.2.1.3.3 for the containment long-
term response to a DBA. An increase in the pressure in the drywell and torus is associated with this
post-LOCA suppression pool temperature increase; however, the resultant maximum pressure will
not exceed that which occurs during the short-term blowdown phase of the accident.

6.2.1.3.4.2 Safety-Relief Valve Discharge-Related Hydrodynamic Loads

Safety-relief valve discharge phenomena is the other primary Mark I loading. Dresden is equipped
with relief valves (called safety-relief valves or SRVs in this discussion) to control primary system
pressure transients. The SRVs are described in Section 5.2.2. When an SRV is actuated, steam
released from the primary system will be discharged into the suppression pool where it will
condense.

Upon actuation of an SRV, the noncondensible gas volume within the partially submerged SRV
discharge line is compressed by the high-pressure steam and accelerates the water leg into the
suppression pool. The water jets thus formed create pressure and velocity transients which cause
drag or jet impingement loads on submerged structures.
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Following water clearing, the compressed gas is accelerated into the suppression pool and forms a
high-pressure gas bubble. This bubble expands and contracts a number of times before it rises to the
suppression pool surface. The associated transients again create drag loads on submerged
structures, as well as pressure loads on the submerged boundaries. These loads are referred to as
SRV air-clearing loads.

Following the gas-clearing phase, essentially pure steam is injected into the pool. Experiments
indicate that the steam jet/water interface which exists at the discharge line exit is relatively
stationary, as long as the local pool temperature is low. Thus, condensation proceeds in a stable
manner, and no significant loads are experienced. Continued steam blowdown into the pool will
increase the local pool temperature. The condensation rates at the turbulent steam/water interface
are eventually reduced to levels below those needed to readily condense the discharge steam. At this
threshold level, the condensation process becomes unstable; i.e., steam bubbles are formed and shed
from the pipe exit, and the bubbles oscillate and collapse. This results in severe pressure
oscillations, which are imposed on the pool boundaries. To preclude unstable condensation, limits
have been established for the allowable suppression pool temperature as discussed in Section
6.2.1.3.6.4.

6.2.1.3.5 Hydrodynamic Loads Evaluated

The hydrodynamic loads evaluated include a range of analyses to determine the effects of a LOCA
from the instant of postulated pipe break to the final stages of blowdown and long-term heatup of the
suppression pool. See Figure 6.2-21. Additional analyses were performed to evaluate the effects of
SRV loadings.

The PUA was required to address only those phenomena or combinations of phenomena which
involve suppression pool hydrodynamic loads. This evaluation included certain loads in the
combinations of phenomena which were previously analyzed and justified in the original Final
Safety Analysis Report (FSAR). However, these loads are included in the PUA because improved
analysis techniques have evolved since the original design was justified. Unless otherwise specified,
any loading condition or structural analysis technique not addressed by the PUA will be in
accordance with the original design evaluation.

6.2.1.3.5.1 Design Basis Accident

The DBA for the Mark I containment design is the instantaneous guillotine rupture of the largest
pipe in the primary system (the recirculation suction line). This LOCA leads to a specific
combination of dynamic, quasi-static, and static loads in time. Figures 6.2-22, 6.2-23, and 6.2-24
show the load combinations for the DBA. The assumption of combining an SRV discharge with the
DBA is beyond the design basis of Dresden Unit 2 and 3. However, the DBA does not represent the
limiting case for all structural elements. Consequently, a spectrum of postulated pipe breaks was
evaluated to determine the worst loading condition for each structural
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element. For the LTP an intermediate break accident (IBA) and a small break accident (SBA) were
specified in addition to the DBA.

The IBA is a 0.1 square foot, instantaneous, liquid line break in the primary system. This break size
will not result in rapid reactor depressurization and, consequently, will not result in significant pool
swell loads. However, this break size is large enough that the HPCI system cannot maintain the
reactor vessel water level. Therefore, this LOCA will result in a combination of condensation loads
and multiple SRV discharge loads. Figure 6.2-25 shows the loading conditions for the IBA.

The SBA is a 0.01 square foot, instantaneous, steam line break in the primary system. The fluid loss
rate for this break size is small enough so that HPCI operation can maintain the reactor vessel water
level. However, this size break will not result in rapid reactor depressurization. Therefore, this
LOCA will result in a long-duration combination (relative to the DBA and IBA) of chugging and
multiple SRV discharge loads. Figure 6.2-26 shows the loading conditions for the SBA.

The duration of the SBA condensation loads proposed by the Mark I Owners Group is assumed to be
terminated by manual actuation of the automatic depressurization system (ADS) 10 minutes after
the postulated pipe break.

Not all of the suppression pool hydrodynamic loads can occur at the same time. In addition, the load
magnitudes and timing will vary, depending on the accident scenario under consideration.
Therefore, combinations of loading conditions have been determined from typical plant primary
system and containment response analyses, with considerations for automatic actuation, manual
actuation, and single active failures of the various systems in each event.

6.2.1.3.5.2 Loss-of-Coolant-Accident Transient Loads

Loss-of-coolant transient loads are specified in the Plant Unique Load Definition (PULD).[8] The
following loads are specified:

A. Pressure and temperature time histories for the suppression chamber and drywell;
B. Vent system pressurization and thrust loads;

C. Net vertical pool swell loads and average submerged pressures on the suppression
chamber;

D. Pool swell impact and drag loads on the vent system; and

E. Vent header deflector loads.
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These transient loads were developed from plant unique testingl8! and/or analysis using Dresden
specific plant conditions which were provided in the Containment Data Specifications.[19]

6.2.1.3.5.2.1 Pressure and Temperature Time Histories

The pressure and temperature time histories for the drywell and suppression chamber due to a
LOCA were calculated by the GE Pressure-Suppression Containment Analytical Model.l201 This
analytical model calculates the thermodynamic response of the drywell, vent system, and
suppression chamber (wetwell) volumes to the mass and energy released from the primary system
following a postulated LOCA. The PULD provides time histories for the DBA, IBA, and SBA case,
for both the operating and zero drywell-wetwell differential pressure (AP). For the SBA, a load
condition assuming a single SRV actuation and a maximum pool temperature of 168°F was
evaluated. This temperature is 3°F higher than that reported in the PULD.[211 While the Mark I
design basis for Dresden requires a drywell to torus AP of 1.0 psi, the PUAAG requires consideration
of a special load case assuming the loss of AP.

6.2.1.3.5.2.2 Vent System Pressurization and Thrust Loads

Vent system pressurization and thrust loads occur in the vent system (main vent, vent header, and
downcomers) following a LOCA because of pressure imbalances between the increasing pressure in
the vent system and in the surrounding torus airspace and because of forces resulting from changes
in linear momentum. The load definition was derived from the pressure and flow transients
calculated by the GE containment response analysis. These loads were calculated for only the DBA,
which provides a more rapid pressurization rate and higher mass flowrate than either the IBA or
SBA. Horizontal and vertical force components were calculated at each location of a change in flow
direction and are documented in the PULD.

6.2.1.3.5.2.3  Torus Pool-Swell Pressure Loads

Torus pool-swell pressure loads occur as a result of a postulated design basis LOCA. From the
testing done during the STP, the pool swell loads have been shown to be sensitive to various plant
parameters, such as downcomer submergence and drywell-to-torus differential pressure.
Consequently, the Mark I Owners Group devised a testing program for the LTP whereby the pool
swell loads could be assessed on a plant-specific basis. The Quarter-Scale Test Facility (QSTF) was
used for this analysis.l18] The data obtained from the QSTF plant-unique tests served as the
principal source for the pool-swell load definitions in the PULD.
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6.2.1.3.5.2.4  Pool-Swell Impact and Drag Loads

Pool-swell impact and drag loads are a consequence of pool swell. As the suppression pool surface
rises, structures or components located above the pool (but lower than the maximum elevation of the
pool surface achieved during pool swell) will be subjected to water impact-loads followed by a drag
load until the upward motion of the pool stops. The principal structures which experience impact
and drag loads during pool swell in a Mark I containment system are the vent system, the vent
header deflector, and miscellaneous structural elements (e.g., pipes and catwalk). In general, the
load definition techniques proposed in the Load Definition Report (LDR) are based on data from the
QSTF plant-specific test series. The specific load definition techniques for each of the principal
structural groups described above are presented in the evaluations below.

The impact and drag loading transient consists of an initial impact spike, which is caused by water
striking and wetting the lower surface of the structure, followed by a transition to a drag force,
which is composed of a "steady-flow drag" component and an "unsteady-flow drag" component. The
latter is a result of the acceleration or deceleration of the flow field around the structure. The
specific loading transient is a function of the geometry of the affected structure and the velocity and
curvature of the pool surface at the time of impact.

6.2.1.3.5.2.5  Pool Swell Froth Impingement Loads

Pool-swell froth impingement loads occur on certain structures (e.g., torus walls, piping, and spray
header) located above the pool surface.

Froth is a gas/water mixture which rises above the pool surface and may impinge on the torus walls
and structures within the torus airspace. Subsequently, when the froth falls back, it creates froth-
fallback loads. There are two mechanisms by which froth may be generated:

A. As the rising pool strikes the bottom of the vent header and/or the vent header deflector,
a froth spray is formed, which travels upward and to both sides of the vent header.

B. A portion of the water above the expanding gas bubble becomes detached from the bulk
pool; this water is influenced by only its own inertia and gravity. The bubble
breakthrough creates a froth which rises into the airspace beyond the maximum bulk
pool swell height.

The LDR provides the load definition for both of these conditions. For froth fallback, the LDR
assumes a fallback velocity based on freefall of the froth from the upper surface of the torus shell
directly above the target structure.

6.2.1.3.5.2.6  Pool Fallback Loads
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Pool fallback loads are defined in the LDR and apply to structures within the torus (although not the
torus itself) that are below the upper surface of the pool at its maximum height. Following the pool-
swell transient, the pool water falls back to its original level and, in the process, generates fallback
loads. After the pool surface has reached its maximum height as a result of pool swell, it falls back
under the influence of gravity and creates drag loads on structures inside the torus shell. These
structures are between the maximum bulk pool swell height and the downcomer exit level, or they
may be immersed in an air bubble extending beneath the downcomer exit level. The fallback load
starts as soon as the pool reaches its maximum height; it ends when the pool surface falls past the
structure of concern or the pool velocity reaches zero.

The assumption in the LDR that fallback loads on structures below the downcomer exit level are
negligible is reasonable, except for structures which come within the bubble boundaries. Structures
that may be enveloped by the LOCA bubble were evaluated for potential fallback loads as a result of
bubble collapse to ensure that such loads are not larger than the LOCA bubble-drag loads described
later.

6.2.1.3.5.2.7  Condensation Oscillation Loads and Chugging Loads

Condensation oscillation (CO) loads and chugging (CH) loads refer to the oscillatory pressure loads
imparted to structures as a result of the unsteady, transient behavior of the condensation of the
steam (released during a LOCA) occurring near the end of the downcomers. Condensation
oscillations occur at relatively high vent flowrates and are characterized by continuous periodic
oscillations, with neighboring downcomers oscillating in phase. Chugging occurs at lower vent
flowrates and is characterized by a series of pulses typically a second or more apart.

The condensation phenomenon involves an unsteady, turbulent, two-phase flow. No reliable
analytical methods exist to model such flows. Furthermore, because of the apparently random
element in the condensation phenomena, no relative and proven empirical engineering methods exist
which would allow accurate assessment of either the load magnitudes, the parametric variation of
the loads, or the scaling of the loads. Consequently, CO and CH load definition must rely on a
database taken from experiments which model, as closely as possible, the conditions in an actual
plant. For this reason, CO and CH loads are based on the results of tests conducted in the Full-Scale
Test Facility (FSTF), which was a full-scale, 22.5° sector of a typical Mark I torus connected to
simulated drywell and pressure vessel volumes.[22]

The principal design parameters for the FSTF (e.g., vent-area-to-pool-area ratio and distance of the
downcomer exit to the torus shell) were selected to produce conservative data from which the loads
could be derived. Structurally, the FSTF torus sector was an exact replica of the Monticello plant.
(Monticello is considered to be structurally "average" in relation to the range of the Mark I design
characteristics.)
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The CO and CH torus shell pressure loads, downcomer lateral loads, and vent system pressure loads
were defined from the FSTF data.

6.2.1.3.5.2.8  Fluid Structure Interaction

Fluid structure interaction (FSI) affects the CO and CH loads transmitted to the structure by the
water in the pool. To assess the FSI effect, the Mark I Owners Group developed a coupled fluid-
structure analytical model simulating the FSTF structure and suppression pool.[23]

The concern regarding FSI effects relates to the applicability of the database obtained from the
Monticello in-plant tests to plants with differing FSI characteristics.

Fluid structure interaction is an effect caused by the motion of the torus shell (boundary) relative to

the oscillatory pressure source that drives that motion. The motion of the torus shell will change the
pressure measured on the torus shell and, if the motion is strong enough, will feed back to affect the

source pressure as well.

Analytical studies have demonstrated that increased wall flexibility will tend to reduce the
measured shell pressure for dynamic loads with higher frequencies than the structural natural
frequency. The Monticello SRV discharge tests indicated that the measured bubble pressure
frequency was less than the predominant shell response frequency. Therefore, it was concluded that
there was no significant reduction in the shell pressures in the Monticello data as a result of FSI.

6.2.1.3.5.3 Safety-Relief Valve Discharge Loads

Safety-Relief Valve Discharge Loads include the safety-relief valve discharge line (SRVDL)
transient, and SRV gas-clearing torus pressure loads. These loads are defined in the LDR and
Application Guides.24 The SRVDL loads are based on an analytical model derived from first
principles.[25] The SRV torus pressure loads are based on four key elements:

A. Anin-plant test series (Monticello) from which load levels at one representative set of
plant conditions were determined;

B. A semi-empirical analytical model to be used for extrapolation of other plant conditions;
C. Subscale tests from which trends were derived; and

D. A scaling analysis which demonstrated the applicability of the results of the subscale
tests (above).
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The load methodologies were further refined by NRC criteria in NUREG-0661 and by an in-plant
test at Dresden.

Safety-relief valve loads are defined for the following load cases:
A. First actuation;
B. First actuation, leaking SRV; and
C. Subsequent actuation.

The first case can occur for any one valve, for the ADS valves, or for multiple valves. The second and
third cases can occur for one or more valves, as determined by plant unique analysis.

The spatial distributions and pressure attenuations are defined for each torus bay, noting that only 5
of the 16 torus bays (or segments) contain T-quenchers. Safety-relief valve bubble frequencies were
"tuned" to the dominant torus structural frequency to produce conservative resonance conditions.

The suppression pool temperature response to various combinations of SRV actuations was also

evaluated to determine the result of vibratory pressure loads at elevated pool temperatures. Refer to
Section 6.2.1.3.6.4.3 for a description of the events evaluated.

6.2.1.3.5.4 Submerged Structure Drag Loads

Submerged structure drag loads can occur due to LOCA and SRV conditions. The expulsion of
water, gas, and, subsequently, steam following a postulated LOCA or an SRV actuation induces a
flow velocity and acceleration field within the suppression pool. Structures either initially
submerged within the pool or sufficiently close to the pool surface will experience loads as a result of
this induced pool motion. These loads can be conveniently divided into three major chronological
phases. Water-jet loads arise from the expulsion of the water slug which is initially within the
downcomer of SRV discharge line. Bubble-drag loads arise from the induced pool motion created by
the expulsion of the gas from the drywell through the vent system or from the SRV discharge line.
Condensation and chugging loads arise from the unsteady condensation process that occurs during
certain time segments of a postulated LOCA. Unsteady condensation is not considered for the SRV
quencher device, because the device is designed to avoid such unsteady phenomena within its
operating range.

6.2.1.3.5.5 Secondary Loads and Other Considerations

The following secondary loads and other considerations were also examined in the Mark I Program:
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A. Seismic slosh, which occurs due to horizontal seismic motion on the pool;

B. Post-pool-swell waves, due to the wave action associated with continued flow through the
downcomers;

C. Asymmetric vent system flow, resulting from asymmetric flowrates due to vent blockage;

D. Downcomer gas-clearing loads, resulting from the rapid clearing of gas from the vent
system causing lateral loads as bubbles are being formed in the pool,;

E. Sonic and compression wave loads, due to the shock wave propagating from the break
location; and

F. Safety-relief valve steam discharge loads.
Based on various tests and/or evaluations, the secondary loads identified above have all been shown
to be insignificant and, therefore, neglected in the PUA. Downcomer submergence and pool thermal

stratification were shown to be of no concern for a minimum initial downcomer submergence of 3
feet.

6.2.1.3.6 Mark I Program Approach and Results

6.2.1.3.6.1 Structural and Mechanical Elements Analyzed

Since most of the BWR Mark I facilities were designed and constructed at different times, there are
variations in the codes and standards to which they were constructed and subsequently licensed.
For the reassessment of the suppression pool hydrodynamic loads, the criteria developed provides a
consistent and uniform basis for acceptability. In this evaluation, references to "original design
criteria" mean those specific criteria approved during the operating license review of the FSAR.

The structural and mechanical elements that were reassessed in the LTP plant-unique analyses
include the following:

A. Pressure Suppression System

1. The torus shell with associated penetrations, reinforcing rings, and support
attachments;

2. The torus supports to the building structure;

3. The vents between the drywell and the vent header, including penetrations therein;
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The local region of the drywell at the vent penetration;

The bellows between the vents and the torus shell, internal or external to the torus;
The vent header and attached downcomers;

The vent header supports to the torus shell; and

Vacuum-breaker piping system, including vacuum-breaker valves, attached to torus
shell penetrations and to vent penetrations external to the torus.

B. Attached Piping Systems

1.

5.

6.

Piping systems, including pumps and valves, internal to the torus, attached to the
torus shell, and/or vent penetrations;

All SRV discharge piping;

Applicable portions of active containment system piping, such as ECCS suction
piping and other piping systems required to maintain core cooling after a LOCA,

Applicable portions of the piping systems which provide the drywell-torus differential
pressure control;

Applicable portions of other affected piping systems, including vent drains; and

Supports for all such piping systems.

C. Internal Structures

2.

Internal structural elements such as catwalks and their supports. Although these
elements are not operative in the performance of the containment function, it is
important that their failure does not impair that function and

Vent-header deflectors and associated hardware.

For the purpose of performing the plant unique analysis and designing modifications, the structures
described above have been categorized in accordance with their functions in order to assign the
appropriate service limits. The general components of a Mark I suppression chamber have been
classified in accordance with the ASME B&PV Code in the following manner:

A. The pressure-retaining elements of the suppression chamber system and associated
supports are classified in accordance with the ASME B&PV Code criteria for Class MC
vessels and Class MC supports.
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B. Piping systems are classified as Class 2 or Class 3 for ASME Code evaluation. In
addition, for each event combination, piping systems are categorized as either essential
or nonessential. Essential piping systems have the additional requirements for
operability of active components.

A piping system, or a portion thereof, is considered essential if, during or following the
event combination being considered, the system is necessary to ensure:

1. The integrity of the reactor coolant pressure boundary;

2. The capability to shutdown the reactor and maintain it in a safe-shutdown condition;
or

3. The capability to prevent or mitigate the consequences of accidents which could
result in potential offsite exposure comparable to the guideline exposures of 10 CFR
100 or 10CFR 50.67 as applicable.

In addition, essential piping may become nonessential piping in a later portion of an
event combination if the piping is no longer required to perform a safety function during
the event combination being considered or during any subsequent event combination. In
all cases, piping shall be considered to be essential if it performs a safety function at a
later time during the event combination being considered or during any subsequent
event combination.

A pump or valve in an essential piping system is considered an active component if it is
required to perform a mechanical motion during the course of accomplishing a system-
safety function. Other pumps and valves are inactive components.

C. Internal structures, such as ladders, catwalks, and vent-header deflectors, are nonsafety-
related elements because they do not perform a pressure-retaining function. As such,
with the exception of attachment welds to ASME Code structures, these elements are not
covered by the ASME Code criteria. These attachment welds are classified in accordance
with the ASME Code requirements for the structure to which they are attached.

6.2.1.3.6.2 Acceptance Criteria

The structural acceptance criteria set forth in the PUAAG generally are contained in Section III of
the ASME B&PV Code through the Summer 1977 Addenda. These criteria were used in the LTP
plant-unique analyses to evaluate the acceptability of the existing Mark I containment designs or to
provide the basis for any plant modification necessary to withstand the suppression pool
hydrodynamic loading conditions. The application of the stress limits associated with these criteria
provides adequate safety margin to ensure the containment structural integrity for
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all anticipated loading combinations and ensures that the containment and attached piping systems
will perform their intended functions during those loading conditions expected to occur as a result of
a LOCA or SRV discharge.

In addition to Service Levels A, B, C and D, as specified in the ASME Code, special, non-ASME Code
limits are associated with Level E and are applicable only to nonsafety-related structural elements
where element failure may be acceptable, if such failure does not result in significant damage to
safety-related items. For this purpose, failure shall be considered to occur at any point at which the
Level D Service Limit is exceeded. Therefore, demonstrating that Level D Service Limits are
satisfied shall be an objective. When this cannot be done and the limit is exceeded at any one point
on the element, the analysis must continue with a break at that point on the element, and the
consequences evaluated. If the limit is exceeded at another point, the structure between the two
points shall be considered to be unrestrained and the consequences must be considered in evaluation
of other elements to their respective limits.

The Applicable ASME Code Sections and the associated addenda are defined in the PUAAG and
were satisfied for the long-term program PUA.

In addition to ASME Code requirements, operability and functionality requirements are imposed.
Operability is defined as the ability of an active component to perform the required mechanical
motion. Functionality is defined as the ability of piping system to pass rated flow.

In the criteria established by the Mark I Owners Group, active components are considered operable
if Level A or B Service Limits are met unless the original component design criteria establish more
conservative limits. If the original component design criteria establish more conservative limits,
conformance with these more conservative limits shall be demonstrated, even if Level A or B Service
Limits are met. If the original component design criteria are silent with respect to operability limits,
satisfaction of Level A or B Service Limits is sufficient to demonstrate operability.

Active components which do not satisfy Level A or B Service Limits, and, therefore, satisfy either
Level C or D Service Limits, require demonstration of operability. If original component design
criteria for operability exist, conformance with those criteria shall be demonstrated. If the original
component design criteria are silent with respect to operability limits, operability limits shall be
established, and conformance with those criteria shall be demonstrated.

The operability requirements are necessary to ensure that the active safety-related components will
be able to perform their intended functions. The concern is that loads which are calculated by elastic
analysis and which produce stresses in excess of the material yield stress can produce excessive
deformation in a component and, therefore, can cause interference of mechanical motion.

It is recognized that the designation of Level A and B Service Limits does not, by itself, guarantee

the operability of active components. However, the scope of the Mark I containment long-term
program is directed toward the effects of the
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incremental load increase as a result of the definition of suppression pool hydrodynamic loads and
toward the restoration of the originally intended design-safety margins. The criteria for operability
specify that the original component design criteria must be met where they are more conservative
than the Level A and B Service Limits. Therefore, these operability criteria are sufficient to
accomplish the objectives of the program.

Functionality of piping components is to be addressed in a manner consistent with the original
design criteria.

Based on the dynamic nature of the Mark I loadings considered in the PUA and the type of material
and support of the attached piping systems, the service level assignments for Class 2 and 3 piping
are considered adequate for the prevention of significant flow reduction in the attached piping.

The general structural analysis techniques established by the Mark I Owners Group were performed
with sufficient detail to account for all significant structural response modes, consistent with the
methods used to develop the loading functions defined in the LDR. For those loads considered in the
original design but not redefined by the LDR, either the results of the original analysis were used or
a new analysis was performed, based on the methods employed in the original plant design. This
general approach is consistent with the objectives of the program.

The damping values used in the analysis of dynamic loading events will be those specified in
Regulatory Guide 1.61, "Damping Values for Seismic Design of Nuclear Power Plants." Since these
values are specified for seismic analysis of structures and components for operating basis earthquake
(OBE) and safe shutdown earthquake (SSE) conditions, the values used will be consistent with the
stresses expected under hydrodynamic loading conditions.

6.2.1.3.6.3 Criteria for Combination of Structural Responses

Criteria for combination of structural responses for nonpiping components were established by the
Mark I Owners Group. The structural responses resulting from two dynamic phenomena were
combined by the absolute sum method. Time phasing of the two responses were such that the
combined state of the stress results in the maximum stress intensity. However, as an alternative,
the cumulative distribution function (CDF) method could be used if the absolute sum does not satisfy
the structural acceptance criteria. The CDF combined stress intensity value, corresponding to a
nonexceedance probability of 84%, would be used to compute a reduction factor; this factor would
then be applied to the stress intensity computed by the absolute sum method. An 84% probability of
nonexceedance corresponds to a mean-plus-one standard deviation for two dynamic responses.

The CDF technique was applied on a component-specific basis and, therefore, reflects the nature of
each component's response to two dynamic events. In the
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Mark I evaluation, the CDF technique was not applied to more than two dynamic events occurring at
any point in time.

For Mark I torus-attached piping systems, the use of the square-root-of-the-sum-of-the-squares
(SRSS) method has been accepted.

6.2.1.3.6.4 Mark I Program Plant Unique Analysis Results

To reestablish the original plant design safety margins, various modifications to the containment
system, SRVs, and torus attached piping were required. Table 6.2-4 lists the modifications made as
a result of the Mark I Program.

The plant unique analysis was performed and documented in the PUAR.I" The PUAR establishes
that all applicable Mark I criteria have been met. The NRC staff performed a post-implementation
audit review of the PUAR and concluded that the PUAR verified that the containment modifications
have restored the original design margin to the primary containment. 26!

Results of the analyses conducted as part of the Mark I Program are summarized in Section
6.2.1.3.6.4.1 through 6.2.1.3.6.4.3.

6.2.1.3.6.4.1 Containment Differential Pressure Control

As a result of the Mark I Containment short-term program, a differential pressure control (AP)
system was installed to enhance the containment safety margins due to pool-swell related loads. The
system's purpose is to reduce the length of the water leg inside the vent system downcomers. In the
event of a LOCA, downcomer clearing and subsequent bubble formation will occur sooner and at a
lower driving (i.e., drywell) pressure, thereby reducing the pressure exerted on the torus shell. This
1s accomplished by maintaining drywell pressure greater than suppression chamber pressure during
normal operation.

For the LTP, the Mark I Owners Group proposed the continued use of differential pressure control as
one load mitigation technique which could be used to restore the intended margins of safety in the
containment design. However, because this technique is an operational feature (i.e., the differential
pressure must be maintained and controlled and could be lost during plant operation), the NRC
determined that certain restrictions would have to be imposed for differential pressure control to be
considered acceptable for long-term application.

The length of the water leg inside the downcomer is limited by the downcomer submergence.
Consequently, the drywell-to-torus differential pressure and the resulting pool-swell load mitigation
effects are also limited. In addition, in the design assessment for the differential pressure control
system,[271 the Mark I Owners Group concluded that the probability of the occurrence of a large-
break LOCA when the differential pressure is reduced or the system is out of service (for
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reasons described below), is less than 10-7 per reactor-year. However, the PUAAG and NUREG-0661
required that an additional structural assessment be performed to demonstrate that the
containment can maintain its functional capability when the differential pressure control is out of
service.

Figures 6.2-27 and 6.2-28 show the resulting pressure-time history at selected locations on the torus
shell for the situation when the operating differential pressure between the drywell and torus is 1
psid. These results are based on plant unique QSTF test data and include the effects of the generic
spatial distribution factors as well as the conservatism factors on the peak upward and downward
loads. Pool-swell torus shell loads consist of a quasi-static internal pressure component and a
dynamic pressure component and include the effects of the DBA internal pressure.

At zero AP between the drywell and torus, the pool-swell phenomena are the same as for the
operating AP case. Figures 6.2-29 and 6.2-30 show the resulting pressure-time history. These
results were calculated on the same basis as the operating AP results.

Although the existence of a differential pressure between the drywell and torus is safety related, the
system used to develop the differential pressure need not be designed to engineered safeguards
criteria because it does not perform a post-accident function. The design requirements established
for the differential pressure control system ensure that the system will not increase either the
probability or the consequences of an accident.

There are certain periods during normal plant operation when the differential pressure control

cannot be maintained. Therefore, limiting conditions for operation (LCOs) have been established in
the Technical Specifications of the license to ensure that these periods are minimized.

6.2.1.3.6.4.2  Loss-of-Coolant-Accident Load Analysis Results

As a result of the Mark I Program, peak pressure and temperature loads on the containment
structure were reevaluated for various SBA, IBA and DBA scenarios. Basic assumptions used for
this reanalysis are listed in Table 6.2-5. These analyses accounted for a downcomer submergence of
4 feet, drywell-to-torus differential pressure (see Section 6.2.1.3.6.4.1), and a revised torus airspace
free volume. Results of these calculations are shown graphically in Figures 6.2-31 through 6.2-38.

As previously noted in Section 6.2.1.3.1, the torus airspace free volume assumed for the Mark I
Program containment peak pressure and temperature reanalysis (listed in Table 6.2-5) was
incorrect. To verify that the results of the Mark I Program are valid, an evaluation of the effect that
the revised torus air and water volumes have on the peak containment pressure and temperature
was conducted. It was found that the slightly smaller torus air volume both reduces the initial torus
air mass and reduces the final volume for the total initial containment air
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mass after drywell air carryover. The larger initial torus water mass has only approximately a 1°F
effect on peak pool temperature. These effects result in a calculated increase in peak torus pressure
of about 0.6 psi. For the IBA and SBA the peak drywell pressure increases by an equal amount. For
the DBA, the increase in containment pressure increases the density of the vent flow which reduces
the vent system pressure drop. This partially offsets the torus pressure increase and results in only
a 0.3 psi increase in the peak drywell pressure.
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6.2.1.3.6.4.3 Safety Relief Valve Discharge Device Limitations

Dresden Station is equipped with safety/relief valves (SRVs) to protect the reactor from
overpressurization during operating transients. When the SRVs open, steam released from the
reactor vessel is routed through SRV discharge lines to the suppression pool where it is condensed.
Extended steam blowdown into the suppression pool, however, can create temperature conditions
near the discharge location that can lead to instability of the condensation process. These
instabilities can, in turn, lead to severe vibratory loading on containment structures. This effect is
termed condensation oscillation. This is mitigated at Dresden Station by the usage of quenchers at
the end of the SRV discharge lines, as well as restrictions on the allowable bulk suppression pool
water temperature, in order to ensure that the local pool temperature stays within acceptable
ranges. Technical Specifications provides limiting conditions for operation and action requirements,
regarding the suppression chamber temperature.

By letter dated March 21, 1995, the BWR Owners' Group (BWROG) requested the NRC staff review
and approve GE report, NEDO-30832 entitled, "Elimination of Limit on BWR Suppression Pool
Temperature." NEDO-30832 presented a discussion of test data and analysis that supports deletion
of the requirement to maintain the local suppression pool temperature 20°F below the saturation
temperature of the pool during SRV discharge.

Some Dresden quenchers and ECCS suction strainers are located in the same bay of the suppression
chamber torus. For this limiting geometric configuration, an evaluation (references 73 and 72) has
shown that steam flow from the quenchers would not be entrained into the ECCS suction.
Therefore, a local pool temperature limit is not applicable.
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6.2.1.3.7 Containment Capability

6.2.1.3.7.1 _Potential For Hydrogen Generation

If, as a result of a severe accident, Zircaloy in the reactor core was to be heated above about 2000°F
in the presence of steam, an exothermic chemical reaction would occur in which zirconium oxide and
hydrogen would be formed. The corresponding energy release of about 2800 Btu per pound of
zirconium reacted, would be absorbed in the suppression pool. The hydrogen formed, however,
would result in an increased pressure due simply to the added moles of gas in the fixed volume.
Although very small quantities of hydrogen would be produced during a DBA, the containment has
the inherent ability to accommodate much larger amounts.

The Dresden containment is normally provided with an inerted atmosphere to preclude the
possibility of a hydrogen combustion event within the containment. The oxygen deficient
atmosphere assures that hydrogen build-up due to metal-water reaction is not a concern.

The generation of significant quantities of hydrogen due to a metal-water reaction from high fuel
cladding temperatures is prevented by assurance of adequate core cooling. During normal operation,
there are several systems, including feedwater and control rod drive (CRD), which add water directly
to the reactor pressure vessel. A reliable, automatic means of cooling the core is provided by ECCS.
This system is designed to provide adequate cooling in accordance with 10 CFR 50.46 limits
assuming any single failure in addition to loss of offsite power. Refer to Section 6.3 for an evaluation
of the ECCS performance.

Following a postulated LOCA, both oxygen and hydrogen may be produced by the radiolytic
decomposition of primary coolant and suppression pool water. Decomposition would occur due to the
absorption of gamma and beta energy released by fission products into reactor coolant and
suppression pool water. Radiolysis is the only significant reaction mechanism whereby oxygen, the
limiting combustion reactant, is produced within the containment. Therefore, radiolysis is the
primary focus relative to combustible gas control for containments with inerted

6.2-50



DRESDEN - UFSAR

atmospheres. Refer to Section 6.2.5 for a description of the post LOCA combustible gas control
system.

Several analyses and experiments have been conducted to quantify the post LOCA resultant
hydrogen concentration in containment. Both inerted and noninerted containment atmospheres
were evaluated covering both short term and long term hydrogen generation. These analyses are
documented in References 30, 31, 32, and 33 and form the basis for the quantitative parameter
values used in the containment capability calculations described below. For reference purposes a
0.1% metal-water reaction is equivalent to about three pound-moles and would result in a hydrogen
volumetric concentration of approximately 0.4% in the primary containment. Metal-water reactions
in excess of approximately 1% would result in a flammable mixture of hydrogen in air of 4% by
volume.

6.2.1.3.7.2 Capability Calculation

As an index of the containment's ability to tolerate postulated metal-water reactions the concept of
"containment capability" is used. Since this capability depends on the time domain, the duration
over which the metal-water reaction is postulated to occur is one of the parameters used.

In this sense capability is defined as the maximum percent of fuel channels and fuel cladding
material which can enter into a metal-water reaction during a specified duration without the design
pressure of the containment structure being exceeded. To evaluate the containment system design
capability, various percentages of metal-water reaction were arbitrarily assumed to take place over
various durations of time. In this way the containment system capability can be determined without
requiring prediction of the detailed events in a particular accident condition.

The basic approach to evaluating the capability of a containment with a particular containment
spray design is to assume that the energy and gas are liberated from the reactor vessel over an
arbitrary time period. The rate of energy release over the entire duration of the release is arbitrarily
taken as uniform, since the capability curve serves as a capability index only and is not based on any
given set of accident conditions as an accident performance evaluation might be.

Since the percent metal-water reaction capability varies with the duration of the uniform energy and
gas release, the percent metal-water reaction capability is plotted against the duration of release.
This constitutes the containment capability as shown in Figure 6.2-40. The energy release rate to
the containment is calculated as follows:

QO +QMW +QS

dn ~
To
where:
qiv = Arbitrary energy release rate to the containment, Btu/s
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Qo = Integral of decay power over selected duration of energy and gas release, Btu

Quw = Total chemical energy released exothermically from selected metal-water reaction, Btu
Qs = Initial internal sensible energy of core fuel and cladding, Btu

To = Selected duration of energy and gas release, seconds

The total chemical energy from the metal-water reaction is proportional to the percent metal-water
reaction. The initial, internal sensible energy of the core is taken as the difference between the
energy in the core after the blowdown and the energy in the core at a datum temperature of 250°F.

It is conservatively assumed that the suppression pool is the only body in the system which stores
energy. That is, the considerable amount of heat storage which would take place in the various
structures of the containment is neglected. Hence, as energy is released from the core region, it is
absorbed by the suppression pool. Energy is removed from the suppression pool by heat exchangers
rejecting heat to the CCSW system. Since the energy release is taken as uniform and the CCSW
temperature and heat exchanger flowrate are constant, the temperature response of the pool can be
determined.

The temperature of the drywell gas is found by considering an energy balance on the spray flows
through the drywell, with the condition that the spray design is such that the gas in the drywell is
5°F warmer than the exiting water flow. The pressures in the two chambers are considered equal
since there is at most a pressure difference of 4 feet of water. The partial pressure of water is
conservatively considered a maximum by assuming all gases are saturated.

Based upon the drywell gas temperature, suppression chamber gas temperature, and the total
number of moles in the system, as calculated above, the system pressure is determined. The
containment capability curves in Figure 6.2-40 present the results of the parametric investigation.
All points below the curves represent a combination of amount of metal-water reaction and energy
release duration which will result in a containment peak pressure which is below the design
pressure. It should be pointed out that the calculations are made at the end of the energy release
duration because the number of moles of gases in the system is at a maximum and the pool
temperature is higher at this time than at any other time during the energy release.

The effect of preaccident containment pressure and temperature on the time to reach flammability is
small. For example, an increase in containment pressure would provide additional moles of
noncondensible gases, thereby causing an increase in the time to reach a flammable concentration.
However, a 1-psi increase in the preaccident containment pressure would only increase the
noncondensibles by approximately 7% which would, in turn, result in an increase in the time to
reach flammability of only an hour or two out of 50 hours. An increase in the drywell temperature
from the normal value of approximately 135°F at 35% relative
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humidity to, for instance, 180°F at 100% relative humidity would only decrease the initial moles of
noncondensible gases in the containment system by approximately 25%. This reduction in moles of
noncondensible gases would in turn decrease the time to reach the 4% flammability limit by possibly
4 - 5 hours or a reduction in time of less than 10%.

6.2.1.3.7.3 Conclusion

Assuming the containment is not inerted, any hydrogen produced from a metal-water reaction would
exit from the reactor pressure vessel at a sufficiently high temperature to be burned in the drywell.
The burning of the hydrogen would reduce the total moles of oxygen in the containment system,
thereby providing a greater magnitude of allowable metal-water reaction. For the case of no drywell
spray, all of the noncondensible gases are conservatively assumed to be stored in the suppression
chamber. The allowable containment capability as shown by the flat portion of the curve on Figure
6.2-40 would be approximately 18% for the case of no burning. The burning of hydrogen gas in the
drywell as evolved would increase the allowable metal-water reaction to approximately 32%. This is
a factor of over 32 greater than the less than 1% metal-water reaction calculated over the entire
spectrum of breaks. Although the burning of the hydrogen increases the energy content of the
containment system, the total moles of noncondensible gases is substantially reduced and thus the
capability for metal-water reaction actually increases. The curves with containment spray assume
rated operation of only one of the two loops. Were the hydrogen thus formed not to burn, it would
mix with all the air in the containment and the resulting hydrogen-air moles mixture would be
under 2.5%. This is well below the flammability limit if the drywell is not inerted).

Given that the hydrogen does burn in a noninerted containment, the total energy involved would not
be large. The LOCA blowdown energy is about 400 x 10% Btu whereas the burning of Hz with all the
Oz in the containment air would only liberate 18 x 106 Btu assuming the burning of 170 pound-moles
of Hs, which is 28% by volume of Hz. If all the energy were deposited in the containment walls, the
wall temperature would increase only 180°F. Actually, upon ignition, the air-steam mixture would
be vented into the pool and quenched, and even though mixed mean-gas temperatures momentarily
could reach 2000°F, the actual wall temperature would increase only 10°F.

Typical pressure-time curves as a function of burning rate are shown in Figure 6.2-41. Even for a
rapid burn of the entire mixture in 0.5 seconds, the containment would survive since a safety factor
in excess of 2 has been applied in the design pressure rating. Thus, even if the extremely low
probability event that a sufficiently large break were to occur, that a large amount of hydrogen
accumulated, and that it somehow ignited, containment integrity would be retained.

Figure 6.2-40 shows the capability of the pressure suppression containment to tolerate a broad
spectrum of postulated metal-water reactions associated with a
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LOCA. The initial portion of the curves on Figure 6.2-40 covers the time span during which the
uniform energy release rate is high enough to generate steam within the drywell. All gases are thus
transferred to the suppression chamber. When the duration is sufficiently long, the containment
spray is sufficient to absorb all the energy without steam generation. The containment capability
then increases with time as energy is removed from the system.

Even without containment spray, the pressure suppression system can tolerate a significant amount
of metal-water reaction significantly greater than that actually calculated across the break spectrum
consistent with the core cooling systems provided.

Therefore, that even without containment spray or inerting, the capability of the containment to
tolerate postulated metal-water reactions following a LOCA is several orders of magnitude above
that which is conservatively estimated to occur consistent with the case cooling provisions
incorporated..

6.2.1.3.8  Containment Subcompartments - Pipe Break in the Subcompartment Between the
Reactor Shield Wall and the Reactor

Section 3.6.2 provides a discussion of the jet impingement forces which are postulated to act on the
concrete reactor shield wall surrounding the reactor.

6.2.1.3.9  Seismic Analysis

Seismic studies of the drywell and the pressure suppression chamber were conducted by John A.
Blume and Associates of San Francisco, California. The results of this study are summarized in
Section 3.7.2.2.1. The suppression chamber seismic analysis was updated in the Mark I Plant
Unique Analysis Report to incorporate the effect of the Mark I modification.”]
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6.2.2 Containment Heat Removal System

Containment cooling is the operating mode of the low pressure coolant injection (LPCI) subsystem
initiated to cool the containment in the event of a LOCA. This section describes the primary
components and major functions of the containment cooling subsystem including: suppression pool
cooling, drywell spray, and suppression chamber spray. The term containment spray, as used within
this section, refers to drywell spray and suppression chamber spray collectively. A description of
LPCI system pumps and related piping and valves is provided in Section 6.3.

During normal operation, containment cooling is provided by air handling units located in the
drywell. Normal drywell cooling is addressed in Section 9.4.
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6.2.2.1 Design Bases

The design basis of the containment cooling mode of the LPCI system is:

A. To provide the containment cooling function to meet containment capability
requirements. Containment temperature and pressure capability requirements are
described in Section 6.2.1.

B. To provide redundancy in critical components to meet reliability requirements.
C. To operate without reliance upon external sources of power.

D. The containment cooling mode of the LPCI system is designed so that each component of
the system can be tested and inspected periodically to demonstrate availability of the
system.

6.2.2.2 System Design

As shown in Drawings M-29, Sheet 1 and M-360, Sheet 1, two separate and independent
containment cooling subsystems are provided to remove heat from the containment, reduce
containment pressure and restore suppression pool temperature following a postulated LOCA. Each
containment cooling subsystem consists of two LPCI pumps, one containment cooling heat
exchanger, one drywell spray header, and a separate spray line terminating at a common
suppression chamber ring header. As shown in Drawings M-29, Sheet 2 and M-360, Sheet 2, heat
exchanger cooling water is provided by two containment cooling service water (CCSW) pumps in
each containment cooling subsystem. Refer to Section 9.2 for a description of the containment
cooling service water system. The containment cooling subsystem utilizes the same major
components as the LPCI subsystem, plus additional piping and valves to direct cooling water to the
containment. The configuration of one LPCI pump, two CCSW pumps and one LPCI heat exchanger
has been analyzed to result in acceptable containment response following a DBA (see Sec.
6.2.1.3.2.2). The post-DBA NPSH requirements of the LPCI pumps are given in Sec. 6.3.3.4.3.

The containment cooling subsystem contains equipment which provides three different containment
cooling functions: suppression pool cooling, drywell spray, and suppression chamber spray. All
containment cooling functions are manually initiated.

The suppression pool cooling mode uses LPCI pump(s) to provide flow from the suppression pool
through the containment cooling heat exchangers and to return the cooled water to the suppression
chamber through the LPCI full-flow test line. Motor-operated valves in either of the redundant
LPCI loops are manually controlled to provide any required division between suppression pool
cooling flow
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and LPCI flow to the reactor vessel. Suppression pool cooling may also be initiated following a
LOCA using a portion of the nonselected LPCI loop, which is not required to perform a LPCI
function. Since the suppression pool cooling valves are downstream of the LPCI outboard injection
valve, closure of the injection valve by the LPCI loop selection logic will isolate suppression pool
cooling (refer to Section 7.3). The LPCI outboard injection valve control logic allows the operator to
manually override the auto close signal for the injection valve and use the nonselected LPCI loop for
suppression pool cooling.

The containment spray mode uses LPCI pumps to deliver water from the suppression chamber
through the containment cooling heat exchangers to spray headers in the drywell and/or suppression
chamber. The system valve control logic permits the operator to provide any required division
between containment spray flow and LPCI flow. Containment spray cools noncondensible gases and
condenses steam in the containment following a postulated LOCA. Post-LOCA operation of the
drywell and suppression chamber sprays is also used to assist the natural convection and diffusion
mixing of hydrogen and oxygen. Drywell sprays also remove post-LOCA airborne halogen and
particulate fission products from the drywell atmosphere. Drywell and suppression chamber sprays
may also be used to respond to other non-LOCA containment emergency conditions in accordance
with emergency operating procedures.

Total system flow and LPCI flow indications facilitate operator determination of the flow distribution
between the LPCI injection flow path and containment spray or suppression pool cooling flow path.
Various interlocks are provided for the valves that control the diversion of flow from LPCI mode to
containment cooling mode. Refer to Section 7.4 for a description of the interlocks provided.

Separate containment cooling spray lines terminate at two ring headers in the drywell and two
separate cooling spray lines terminate at a common ring header in the suppression chamber. These
ring headers are provided with spray nozzles which will assure the proper distribution of water
spray. The nozzles produce a controlled spray pattern and are designed to provide the desired water
particle size while preventing plugging. Additional containment spray header design information is
provided in Table 6.2-7.

Each containment cooling loop is normally cross-tied to the other loop. The pumps and heat
exchangers are located in each of two corners of the reactor building in shielded rooms on the
basement floor. Each heat exchanger/pump room has the necessary piping and instrumentation to
perform in any of the containment cooling modes. The cross-tie header between the otherwise
separate subsystems makes it possible for the LPCI pumps in one room to deliver their flow through
the second room's piping. This crosstie is located in a well protected basement floor area and has two
normally keylocked open, motor-operated valves. The valves may be closed from the control room if
loop isolation is necessary. Separation of the piping provides protection against missiles in the
vicinity of the reactor in that only one of the two flow paths must be assumed to be incapacitated by
missiles. Missile protection shielding is provided by routing piping along the reactor building
structure walls as much as possible.
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The containment cooling heat exchangers are sized on the basis of their required duty to meet the
containment capability. Refer to Section 6.2.1 for a description of the suppression pool cooling
requirements. The heat exchangers are designed to withstand the maximum pressures
corresponding to the shutoff heads of the CCSW and LPCI pumps. When service water is flowing,
the pressure on the tube side of the heat exchanger is maintained 7 psi higher than the pressure on
the shell side when the flow from one LPCI pump (20 psi higher when the flow from two LPCI
pumps) is passing through the heat exchanger to prevent shell side water leakage into the service
water and subsequent discharge to the river. Instrumentation is provided to monitor AP between
the LPCI heat exchanger tube side and shell side both locally and remotely in the control room.
Additional containment cooling heat exchanger design information is provided in Table 6.2-7.

Since the LPCI flow passes through the containment cooling heat exchangers, containment heat may
be rejected during post-LOCA LPCI mode operation by starting the CCSW pumps (when sufficient
electrical power is available) to provide cooling to the heat exchangers. This results in the transfer of
heat from the suppression pool to the CCSW system. During this mode of operation, suction is taken
from the suppression pool, pumped through the containment cooling heat exchangers to the reactor
vessel, and back to the drywell via the postulated break. When the drywell water level reaches the
level of the containment vent pipes, the water flows through the vent pipes to the suppression pool.

Stagnant water conditions in the containment cooling heat exchangers (EPNs 2(3)-1503-A&B) during
standby conditions cause both pitting and corrosion of the 70-30 CuNi tubes.34 This has resulted in
heat exchanger tube leaks and excessive equipment outage durations. Various materials were
evaluated for better corrosion resistance and AL-6XN was selected as the replacement tube material.
A limited number of tubes will be replaced with AL-6XN tubes as tubes fail. (AL-6XN has been
accepted by ASME under Code Case N-438).

To ensure that other design basis evaluations are not invalidated by replacement of these tubes, the
number of tubes plugged or replaced in each heat exchanger will be limited such that the total
reduction in heat removal capability will not exceed that which would result from plugging 6% of the
70-30 CuNi heat exchanger tubes. The 6% limit is based on the number of excess tubes provided in
the containment cooling heat exchanger design. The 6% replacement limitation will ensure that the
design basis heat exchanger capability will not be reduced. The relationship between plugging tubes
and replacing 70-30 CuNi tubes with AL-6XN tubes is shown in Figure 6.2-42.

6.2-57



DRESDEN - UFSAR

The effect of this modification on flow induced vibration and seismic response will result in a design
equal to or slightly more conservative than the original design. Additionally, AL-6XN's thermal
expansion 1is close enough to that of the CuNi material so as to not cause a warpage problem with
both AL-6XN and CuNi tube material installed in the same heat exchanger.

6.2.2.3 Design Evaluation

6.2.2.3.1 Containment Cooling Performance Analysis

Following a postulated LOCA, the containment cooling subsystem is capable of limiting the
containment long-term pressure rise. The applicable post-LOCA containment response analyses are
provided in Section 6.2.1. These analyses describe various containment post-LOCA conditions
considering various combinations of emergency core cooling system (ECCS) and containment cooling
systems in operation. These analyses demonstrate that the containment cooling subsystem will
provide the required containment cooling following a postulated LOCA.

Following a design basis LOCA, containment heat rejection is not necessary during the short period
of time in which all available ECCS pumps are assumed to be operating to restore the core coolant
level. The containment cooling function can be performed after the core is flooded, which is
accomplished within a few minutes even for the largest line break. After the core has been flooded to
two-thirds height, one LPCI or core spray pump is adequate to maintain this level. One or more of
the remaining LPCI pumps in conjunction with CCSW can be used to cool the containment.

Analyses have been conducted to determine the containment cooling heat exchanger heat transfer
rate under various flow conditions. The analyses of the containment long-term response to a DBA-
LOCA with various pump combinations and flows are discussed in Section 6.2.1.3 and Table 6.2-3.

6.2.2.3.2  Suppression Pool Water Contamination Analysis

Contamination of suppression pool water leading to an ECCS failure over an extended operating
period has been evaluated considering both normal operating and accident conditions.

The major sources of potential contaminates are drywell paint, fibrous insulation, and miscellaneous
sources such as insulation metal covering, ventilation sheet metal, rust, or possibly metal pieces
from failed components.

The chemical, temperature, and radiation resistance of the containment coatings together with
periodic inspection and maintenance results in only a remote possibility of suppression pool strainer
clogging due to post-accident coating failure. Additional containment coating information is provided
in Section 6.1.
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Fibrous insulation is used to cover only a limited area of piping. As part of compliance with NRC IE
Bulletin 96-03, “Potential Plugging of Emergency Core Cooling Suction Strainers by Debris in
Boiling Water Reactors”, the inventory of fibrous insulation within the Unit 2 and 3 drywells was
determined, and administrative controls are in place to control changes to the quantity of fibrous
insulation.

Miscellaneous items are expected to contribute a negligible volume of contaminates in comparison to
the suppression pool water volume. Any particles contributed are expected either to be stopped by
strainers if they reach that position or to be colloidal rust type particles which would have little or no
effect on ECCS pump seals or bearings.

As well as having limited contaminate sources, minimal probability of problems exist because of the
circuitous path from the drywell to ECCS pump suctions. Particles first must pass through 1 x 1 ¥/2-
foot openings from the drywell to the 8-foot suppression pool downcomers. The downcomers are
connected to large spherical shells which are interconnected by 4-foot diameter pipes forming the
inner suppression pool ring header. From this header, the path to the suppression pool is through 96
circumferentially spaced 24-inch diameter pipes which extend below the suppression pool water line.
The path then proceeds through four suppression pool suction strainers, the lowest point of which is
located about Y3 of the suppression pool water level height above the suppression pool bottom. From
the strainers the path leads into a 24 inch suction ring header and then to the pump suctions. This
path is quite circuitous, providing many places to trap foreign objects and also spreading the
particles that do get through uniformly throughout the suppression pool volume. Larger pieces of
metal will settle to the bottom of the suppression pool, and lighter materials such as unibestos will
float rather than be drawn into the ECCS pump inlets.

The average water velocity in the suppression pool during ECCS equipment operation is less than
0.1 ft/s and is not sufficient to transport particles (except for the smaller pieces in colloidal
suspension). However, during a postulated blowdown from the drywell to the suppression pool, there
will be a less idealized situation. The suppression pool water will be disturbed and a certain portion
of materials will be near the suction strainers. The strainers are stainless steel perforated plates
with 1/8 inch diameter openings. Larger pieces and part of longer pieces (of smaller diameter) will
be stopped and the strainer effective area will be somewhat reduced. To account for this possibility,
hydraulic performance of the ECCS pump system is based on partial plugging of each of the four
strainers with 5.8-feet head loss at 10,000 gpm assumed across each of the four strainers.

The strainers for both units were replaced in support of the Station's response to NRC IE Bulletin
96-03, "Potential Plugging of Emergency Core Cooling Suction Strainers by Debris in Boiling-Water
Reactors". The new strainers have an outside diameter of approximately 32.5" and an approximate
length of 63". The total surface area of these strainers is approximately 118 ft2 per strainer.
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In either unit, extended operation of all ECCS pumps is not required in order to satisfy long term
decay heat removal requirements. Short term DBA-LOCA cooling analyses assume the use of two
LPCI pumps and one core spray pump, or two core spray pumps, to provide adequate core cooling.
However, on a long-term basis, only one LPCI and one core spray pump are necessary to provide
required cooling to the containment and the core. Also, the suppression pool water is demineralized |
and does not contain special additives. Therefore, the pH is expected to remain essentially neutral

so that neither alkaline nor acidic corrosive actions are anticipated to affect ECCS pump seals or
bearings.

In summary, the potentially damaging material sources are small, the volume is low in comparison
to the suppression pool water volume, it is difficult for contaminates to reach the suction strainers
and even more difficult to reach the pump. In addition, pump flow requirements for long term
operation are low. These factors, in conjunction with a low probability of occurrence of a major
accident, lead to the conclusion that the probability of suppression pool contamination creating a
safety problem is extremely remote, to the point of being negligible. This position is further
enhanced by the normal feedwater supplies which would be available when considering the long
term operating requirements.

6.2.2.3.3 LPCI Heat Exchanger

A fracture toughness analysis was performed to determine adequacy of the shell material on the
LPCI heat exchanger secondary side. The heat exchanger shells were designed as Quality Group
Class C and were constructed of carbon steel A-212, Grade B material. They were built to
requirements of ASME Section III, 1965 edition. The fracture toughness was calculated at the
minimum heat exchanger service temperature of 51°F. The analysis indicates that approximately
1.5 x 108 heatup and cooldown cycles would be required to propagate an initial crack of 0.010 inches
(the maximum crack size that could go undetected by inspection) to a critical crack size of 5.25
inches. The NRC evaluated these results and after performing their own confirmatory analyses
concluded that the shell material on the secondary side of the LPCI heat exchangers has adequate
fracture toughness.
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6.2.2.4 Tests and Inspections

Because containment cooling is an operating mode of the LPCI system, LPCI system testing partially
verifies that the containment cooling subsystem is functional. Additional tests are periodically
performed to verify that containment spray is operable. The containment spray header discharge
valves are tested by individually operating the header isolation valves. Control system logic provides
for automatic return of the valves from the test mode to the operating mode if LPCI initiation is
required during testing. An air test of the drywell spray headers and nozzles is performed
periodically to verify operability of the drywell spray function.

Eddy current testing is performed during inspection of replacement containment cooling heat
exchanger tubes.
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6.2.3 Secondary Containment Functional Design

The description presented in this section is applicable to Units 2 and 3, since the secondary
containment is common to both units. This description includes the design basis and design features
of the secondary containment (reactor building) structure and all interfacing structures and systems
needed to ensure its integrity. A design evaluation is provided which addresses performance
characteristics. Tests and inspections needed to verify that secondary containment is operable and
the instrumentation required to monitor and operate secondary containment are also described.

6.2.3.1 Design Basis

From a safety consideration, the primary purpose of the secondary containment is to minimize the
ground level release of airborne radioactive materials and to provide for a controlled, elevated
release of the building atmosphere under accident conditions. The reactor building serves as the
secondary containment structure. It provides secondary containment when the primary containment
is required to be in service and provides primary containment during reactor refueling and
maintenance operations when the primary containment system is open. The building meets any
combination of the above as may be required by the operation of Units 2 and 3. Specific design bases
of secondary containment are as follows:

A. The reactor building is designed so that under neutral wind conditions the building is
maintained at an internal negative pressure of >4 in.Hz0.

B. Exfiltration from the building does not exceed 100 % of the building volume per day for
wind speeds on the order of 40 mph.

C. The reactor building is capable of withstanding an external wind loading equivalent to a
wind velocity of about 110 mph.

D. The seismic design and tornado analysis of the reactor building are in accordance with
Chapter 3.

E. The reactor building is designed to withstand an internal pressure of 7 in.H20 without
structural failure and without pressure relief. Provisions are made to relieve reactor
building pressure in excess of the design pressure in the unlikely event of a rupture of
the high energy piping within the building. Relief devices (blowoff panels) are provided
to assure that building structural integrity will not be impaired.

F. Means are provided for exhausting treated air from the reactor building using the
standby gas treatment system (SBGTS).

G. Means are provided for periodically monitoring the leak-tightness of the reactor building
as described in Section 6.2.3.4.
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In addition to the above, the reactor building structure is designed and constructed in accordance
with applicable state and local building code requirements.

6.2.3.2 System Design

A single reactor building completely encloses both the Unit 2 and Unit 3 reactors and primary
containments. The containment barrier function of the reactor building is achieved by minimizing
leakage of air through the airlocks, pipe and electrical penetrations, and the building walls and roof.

During normal operation, pressure in the reactor building is automatically maintained at a negative
pressure (about 4 in.H20, gauge) by controlling the exhaust air dampers to prevent exfiltration of
any airborne radioactive contamination, even under high wind conditions.

Other functions of the reactor building are to enclose the reactor and associated equipment and
protect it from outside elements. The building provides the necessary space for the equipment in its
planned arrangement and for its economical and safe operation. The space and layout are such that
the equipment can be placed and also removed if necessary. Operation of the reactor requires that
certain parts of the building and equipment be moved and conveniently stored within its walls.

The Secondary Containment consists of the Reactor Building and a portion of the Main Steam
Tunnel and has a minimum free volume of 4,500,000 cubic feet.

6.2.3.2.1 Reactor Building

The reactor building consists of the monolithic reinforced concrete floors and walls (enclosing the
nuclear reactors, primary containments, and reactor auxiliaries) and the building superstructure
with sealed panel walls and precast concrete roof. This building is a cast-in-place, reinforced
concrete structure from its foundation at elevation 472'-6" to elevation 613'-0". A steel-framed top
story with lateral bracing is located at this level. The reactor building is founded on competent rock
at elevation 472'-6". The foundation of this building is reinforced concrete and is 297 feet long by 150
feet wide. At elevation 517'-6", the dimensions of this structure diminish to 297 feet by 120 feet, 6
inches. A reinforced concrete passageway for the accommodation of the steam and feedwater lines
enters the building at this elevation.

The steel-framed top story has precast concrete deck units with insulation and insulated metal
sidewall construction. The frame, in addition, supports a runway for the 125-ton traveling bridge
crane. The crane rail supports are rigidly fastened to the reactor building superstructure. The
reactor building overhead crane has safety lugs on both the bridge and the trolley that prevent
derailment.

The concrete shielding surrounding each primary containment, an integral part of the reactor

building, occupies the central part of each unit. Access to the drywell and reactor head space is
obtained by removing a large concrete plug in the
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operating floor with the bridge crane. The reactor building houses the Unit 2 and 3 refueling and
reactor servicing equipment; new and spent fuel storage facilities; and other reactor auxiliary or
service equipment, including the emergency core cooling systems (ECCS), isolation condenser
systems, demineralizers, standby liquid control systems, control rod hydraulic system equipment,
and components of electrical equipment. The general arrangement of the reactor building and the
principal equipment is shown on Drawings M-6 and M-8.

The structural and shielding design of the reactor building are discussed in Chapter 3 and Section
12.3, respectively.

Special sealing methods were used throughout the construction of the reactor building. The sheet
metal siding panels have interlocking joints sealed with vinyl plastic gaskets and special caulking
compounds as shown in Figure 6.2-43. Other joints are sealed with such materials as rubber strips,
two-sided adhesive tapes, and special caulking. Screw holes are caulked. The reactor building
parapet is sealed with urethane foam.

The reactor building roofing is made of a vapor barrier overlaid by 1-inch thick (minimum) loose-laid
board insulation, covered with 10-year, single-ply, elastomeric-membrane fabric, and ballasted with
paver blocks. Steel holddown clips on the corners of the roof slabs are welded to the roof purlins.
Longitudinal and transverse joints are filled with mastic sealer, and the corner recesses are filled
with grout.

6.2.3.2.2  Reactor Building Airlock Doors

Reactor building airlock doors have weather-strip-type rubber compression seals. The design basis
leakage limit is 25 ft3/min per door at ¥4 in.H20 pressure. Each pair of personnel access control
doors is electrically interlocked so that only one of the pair may be open at a given time.

There are two personnel air locks between the turbine and reactor buildings at grade elevation.
There is one equipment airlock and one equipment access door from the outdoors into the reactor
building on the ground floor. In addition, there is one personnel air lock into the reactor building
from the turbine building main floor. The equipment access door is enclosed on the outside by a
material interlock structure, however this structure is not considered to provide secondary
containment. There are personnel airlocks from the Unit 2/3 diesel generator room to the Unit 2 and
Unit 3 HPCI rooms, and to the Unit 2 reactor building. There is an access door from the Unit 2/3
diesel generator room to the Unit 2 high pressure coolant injection (HPCI) pipeway. This access door
1s considered a secondary containment boundary and is locked. Sufficient administrative measures
control the opening of this door such that secondary containment is maintained. There are other
personnel airlocks from the turbine building to the Unit 2 and Unit 3 MSIV rooms (X-areas).

Inside the reactor building between Units 2 and 3 there are ordinary single doors at three floor
levels.

6.2.3.2.3  Reactor Building Pipe and Electrical Penetrations
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Reactor building pipe and electrical penetrations are sealed as necessary to minimize air leakage
and meet the infiltration specification. Leakage through minor apertures is acceptable. Electrical
penetrations may be caulked with oakum and a soft setting compound, for example. Airflow through
pipeways may be blocked sufficiently with sheet metal curtains or collars. Larger annuli may be
blocked with appropriate fabric sleeves (e.g., insulation for hot pipes). Small annuli between pipes
and the concrete opening may be left open.

6.2.3.2.4  Secondary Containment Isolation System

Secondary containment isolation consists of closing the reactor building ventilation system isolation
dampers, shutting down the ventilation fans, and activating SBGTS. The reactor building
ventilation system is described in Section 9.4, and SBGTS is described in Section 6.5.

Secondary containment isolation of both units is automatically initiated in response to airborne
contamination or a refueling accident (both detected by the reactor building air monitoring system)
or by a Group 2 primary containment isolation signal in either unit. The reactor building air
monitoring system is described in Section 11.5.2.4, and the primary containment isolation signals
are described in Section 7.3. The refueling accident is analyzed in Section 15.7.3.

Following isolation, the SBGTS will restore the negative pressure inside the reactor building and
will remove radioactive contamination from the reactor building air before discharging it through the
310-foot chimney.

The reactor building ventilation isolation dampers for each unit are located adjacent to the reactor

building in the turbine building, on the supply and exhaust fan deck at elevation 581'-0". There are
two dampers in series in both the supply and exhaust ducts.

6.2.3.3 Design Evaluation

The containment system provides the principal mechanism for mitigation of accident consequences
with the reactor building atmosphere being filtered and discharged through the 310-foot chimney for
elevated release. The offsite accident consequences are relatively insensitive to the reactor building
inleakage rate as long as the SBGTS can maintain the building at a negative gauge pressure and
prevent exfiltration at low wind speeds.

Exfiltration from the secondary containment would be minimized by construction to the specified
leakage limit of 1600 ft3/min. at internal negative pressure of ¥4-in.Hz20 (gauge), with 40 mph winds.
If high wind exfiltration were to occur, dilution of any released radioactive material would be large
so that potential exposures are inherently minimized. Such exfiltration is not postulated since the
design and operation of the reactor building ventilation system and SBGTS
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maintain the building at a slight negative pressure under both normal and accident conditions. This
negative pressure is maintained for outside winds of any velocity or direction, and precludes
exfiltration from the building.

The wind velocity pressure, or stagnation pressure was correlated by the following equation.[35
Ps = AV2

where:

A = proportionality constant

Ps = stagnation pressure

V = wind speed, mph

The leakage rate tests at low pressure differentials indicate that leakage rates may be correlated by
the following equation:[36]

Leakage rate = a(AP) + b(AP)12

where "a" and "b" are constants which are dependent upon the leakage characteristics of the building
and AP is the pressure differential between the building atmosphere and the outside.

The model used to calculate reactor building inleakage assumes that two adjacent sides of the
building are exposed to the wind, and that two adjacent sides are on the leeward side of the building.
On the windward side of the structure, the stagnation pressure varies from approximately 50% to
90% of the wind velocity pressure. Thus, in the model the static pressure acting on the two adjacent
sides on the windward side of the building is considered to be 90% of the wind stagnation pressure.
On the leeward side of the building, the negative static pressure adjacent to the building siding
varies from 30% to 60% of the wind velocity pressure, therefore the negative static pressure acting is
considered to be 50% of the wind velocity pressure. The above model represents the worst possible
differential effect on the building since component effects of the wind velocity vector are not
considered.

Using the above criteria, the calculated building leakage is then predicated on maintaining a
building pressure which is ¥4 in.Hz20 negative with respect to the external pressure on the leeward
side of the building. Total leakage rates combine effects of leakage through the reactor building
siding; personnel access doors; equipment access doors; and the electrical, vent, duct, and piping
penetrations.

Table 6.2-8 lists the building leakages under various wind velocities from specific areas and for the
total structure. The basis for the 477 ft3/min leakage at zero wind speed is a summation of air
infiltration from all potential leak paths, considering a ¥4 in.H20 differential pressure across these
paths. At wind velocities
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other than zero, the building leakage remains constant on the leeward portion of the building and is
proportional to the square root of the AP on the windward side.

The following reactor building external areas are covered with siding:

A. North side 300 ft x 38 ft = 11,400 ft2
B. East and west sides 120 ft x 47 ft = 5640 ft2 (each)
C. South side 300 ft x 47 ft = 14,100 ft2

A typical siding detail is shown in Figure 6.2-43.

The data in Table 6.2-8 indicate that SBGTS is more than adequate to maintain the reactor building
negative pressure following an isolation signal (no accident case), even at wind speeds of 100 mph,
provided that the SBGTS is put in operation immediately following the isolation signal.

To calculate the reactor building exfiltration rates following a loss-of-coolant accident (LOCA) or
refueling accident, a mathematical model based on the reactor building temperature rise has been
developed. This model assumes a 10-minute delay between the accident and the time SBGTS is
started. Manual loading of SBGTS onto the diesel generators is not assumed until after 10 minutes,
when core flooding is complete. This assumption is conservative since SBGTS will automatically
start following an accident. This heat rise considers the rapid increase in temperature of the drywell
and torus and the heat being generated by the ECCS pumps in one unit. Figure 6.2-44 shows
exfiltration following LOCA conditions. The non-accident unit is considered to remain on the curve
which is the maximum heat generation case.

As shown in Figure 6.2-44, the ground level exfiltration rates increase with time until the SBGTS is
put in operation, which is 10 minutes after the LOCA. During the period when the reactor building
internal pressure is positive, total ground level exfiltration is calculated to be 43,000 cubic feet.
Corrected to 50-mph wind velocity, ground level exfiltration would be 80,000 cubic feet.

Exfiltration rates following a refueling accident are summarized on Figure 6.2-45. Refueling
accident conditions are accompanied by a lesser degree of ground level exfiltration than the LOCA
case. This is due to the smaller heat loads in the reactor building following a refueling accident.

Calculated ground level exfiltration following a refueling accident is 22,000 cubic feet. Applying the
50-mph wind velocity correction factor, exfiltration would be 43,000 cubic feet.

Calculations have been performed to determine the potential dose resulting from possible exfiltration
during the 10-minute period prior to the operation of the SBGTS. Results show that maximum doses
are 2 x 103 rem and 9.2 x 10-! rem to the thyroid for the LOCA and refueling accidents, respectively.
These dose estimates are expected to increase by 26% following extended power uprate. These
values are several orders of magnitude less than the guideline values of 10 CFR 100. Additional

analyses were performed using Alternative Source Term; these results are also regulatory limits per
10 CFR 50.67.
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Analysis shows that the secondary containment will sustain about 7 in.H20 (36.5 1b/ft2) positive
pressure, due to accident conditions such as escape of primary containment pressure or leakage from
a steam or hot water line, without exceeding specified leakage limits and without structural failure.
Tests show the blowoff panels would relieve at 70 Ib/ft2 without other damage to the superstructure.
The blowoff panels and other tornado protection measures are described in Section 3.3.

Four dP sensors, one on each side of the building, are used to compare the pressure external to the
reactor building with the internal pressure on the 613 ft elevation operating floor. The points
selected for external measurement are on the exterior of the siding above the operating floor level.
The signal from each dP transmitter is then sent to a circuit which selects the lowest differential
pressure to control the position of the reactor building ventilation system exhaust fan dampers. The
controller is set to maintain a negative pressure difference of at least ¥4 in.H20 relative to the
pressure on the side of the building with the lowest atmospheric pressure. Fan mass flow varies as a
function of wind direction and velocity.

6.2.3.4 Inspection and Testing

The reactor building leakage rate is tested by isolating the building and operating the SBGTS. The
SBGTS flow control valve is adjusted to obtain 4000 ft3/min, and the building AP is measured. The
building is required to hold at least ¥4 in.H20 vacuum to pass the test.

The reactor building inleakage is tested prior to refueling, when an operation or event brings the
reactor building leakage integrity into question, or at least every 24 months. |

Secondary Containment is maintained as defined in Technical Specifications in operational modes 1, |
2, 3 and when handling irradiated fuel in the secondary containment, during core alteration(s) and
operations with a potential for draining the reactor vessel.

Double interlock doors on equipment and personnel access airlocks prevent the breaching of

containment integrity. Possible deterioration of airlock door seals and penetration seals is detected
during periodic inspections and tests. Corrective maintenance is performed as necessary.
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6.2.3.5 Instrumentation Requirements

The instruments required to support the secondary containment are those instruments necessary to
control reactor building pressure and to initiate secondary containment isolation. These include the
reactor building pressure sensors, process radiation monitors in the reactor building exhaust ducts
and refueling floor, drywell pressure sensors, and reactor water level monitors.
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6.2.4 Containment Isolation System

6.2.4.1 Design Bases

The primary containment system performance objective and design bases are stated in Section
6.2.1.1. The containment isolation system is required for the primary containment system to meet
its performance objective to provide a barrier which, in the event of a loss-of-coolant accident
(LOCA), will control the release of fission products to the secondary containment.

6.2.4.2 System Design

6.2.4.2.1 Isolation Valves

Isolation valves are provided on lines penetrating the drywell and pressure suppression chamber to
ensure containment integrity when required during emergency and post-accident periods. Isolation
valves which must be closed to ensure containment integrity immediately after a major accident are
automatically controlled. Section 7.3.2.4 describes changes which have been made to primary
containment isolation valves to preclude automatic opening when the isolation signal is reset so that
manual opening by an operator is required, thus avoiding accidental automatic opening. The control
logic for the containment isolation valves is described in Section 7.3.2. Refer to Table 6.2-9 for a
tabulation of the principal containment penetrations and the automatic isolation valves provided to
maintain containment integrity. This table does not list instrument or electrical penetrations or the
test, vent, or drain valves on piping between isolation valves.

Pipes which penetrate the containment and connect to the nuclear steam supply system (NSSS) are
equipped with two isolation valves in series. Pipes that penetrate the containment and are open
ended into the free space of the containment are also equipped with two isolation valves in series. As
a general rule, one of each pair of isolation valves in series is located inside the containment, and the
other is located outside and as close to the containment as practical.
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Lines which open to the free space of the containment and which have two valves normally closed
have the valves located outside the containment (e.g., containment spray spargers). Lines forming a
closed loop inside the containment but which, as a result of pipe failure inside the contained area,
may carry radioactive fluids out of the containment are generally provided with one isolation valve
outside the containment. This may be either a self-actuating check valve or a remote manually
controlled motor-operated valve outside the containment. For closed system piping which
communicates with the suppression pool and is expected to remain submerged during a LOCA, the
intact piping or the water seal acts as the penetration isolation barrier and ensures that the primary
containment boundary is maintained intact until another barrier can be established to isolate the
penetration.

Systems which connect to the NSSS and which may be required to have flow into the NSSS after an
accident are provided with either of two valves arrangements. Either both isolation valves in series
are self-actuated check valves (one inside and one outside the containment) or one is a check valve
and the other is a power-operated valve (electric motor or air) that can be remotely controlled. These
systems include the feedwater, low pressure coolant injection (LPCI), and standby liquid control
systems. On lines where flow may be in either direction, both valves are power-operated.

In general, the closure time of all isolation valves is such that the release of fission products to the
environment is minimized. The closure times of all valves on lines in systems connecting to the
nuclear steam supply system are based on preventing fuel damage due to overheating with no
feedwater makeup following a line break in the particular system. The valve closure time for the
main steam line is based on the main steam line break accident discussed in Section 6.3. By
keeping the valve closure time less than approximately 10 seconds, sufficient coolant remains in the
reactor vessel to provide adequate core cooling. The valves are designed to close and to be essentially
leaktight during the worst conditions of pressure, temperature, and steam flow following a break in
the main steam line outside the containment.

Motive power for each of a pair of power-operated isolation valves in series is from physically
independent sources to preclude the possibility of a single malfunction interrupting power to both
valves. Air-operated valves which close for the normal containment isolation mode, fail closed on
loss of motive power with the exception of the reactor building to containment vacuum relief valves
discussed in Section 6.2.1.2.4.1. Electric motor-operated valves fail as is.

Typically, power operators on valves inside the containment are supplied with ac power and those
outside the containment are supplied with dc power.

The following is the guidance used for determining which manually-operated valves are primary
containment isolation valves (PCIVs) and which valves are required to be locked. Typically these
valves are on vent lines, drain lines, capped branch lines, or test connections. When the principal
inboard PCIV is located inside containment and the principal outboard PCIV is located outside of
containment:

Valves in line, as well as test valves, located inboard of the principal inboard PCIV are not
considered PCIVs.

The inboard test valve, when located between the principal inboard and outboard PCIVs, is
considered a PCIV. This test valve must be locked closed when not in use.
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Valves in line between the principal inboard and outboard PCIVs are considered PCIVs. These
Valves will be administratively controlled on a case by case basis.

When both the principal inboard and outboard PCIVs are located outside of containment:
Valves in line, as well as test valves, located inside containment are not considered PCIVs.

Valves in line between containment and the principal inboard PCIV are considered PCIVs.
These valves will be administratively controlled on a case by case basis.

Both the inboard and outboard test valves, when located between containment and the principal
inboard PCIV, are considered PCIVs. Both of these test valves must be locked closed when not in
use.

The inboard test valve, when located between the principal inboard and outboard PCIVs, is
considered a PCIV. This test valve must be locked closed when not in use.

Valves in line between the principal inboard and outboard PCIVs are considered PCIVs. These
valves will be administratively controlled on a case by case basis.

In addition, numerous principal PCIVs are manually-operated. Since these valves do not get an
automatic closure signal, nor can they be remotely closed, they must be locked closed when not in
use.

Instrument lines are exempt from Type C testing provided they are not isolated from containment
during the performance of a Type A ILRT. Although instrument lines are exempt, Dresden Station
chooses to be more conservative in regards to locking instrument line test, vent and drain valves.
Therefore, test valves on instrument lines without excess flow check valves are considered
equivalent to test valves on process lines penetrating containment.

The inboard test valve on an instrument line without an excess flow check valve is considered a
PCIV. When not in use, this test valve must be locked closed.

Tables 6.2-10 and 6.2-11 list the Unit 2 and 3 valves which are required to be locked closed.

Locked-closed, manual, containment isolation valves required to be opened to conduct sampling, may
be opened one line at a time provided the following conditions are met:

A. An operator is dedicated to attend to the valves;
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B. The operator is in continuous communication with the control room; and

C. The operator is capable of closing the valves so the penetration can be rapidly isolated in
the event containment isolation is required.

Drywell sample valves and reactor water sample valves which automatically close due to a
containment isolation signal may be opened after isolation using a manually-operated, keylock
bypass switch.

Similarly, the two 2-inch containment vent and purge isolation globe valves (AO-1601-61 and AO-
1601-62) and the outboard 6-inch butterfly valve to SBGTS (A0O-1601-63) may also be overridden and
reopened after isolation for post-LOCA containment venting. If operation of the augmented primary
containment vent system (APCVS) is required, circuitry is provided to override the isolation signal to
the 18-inch containment vent valves, AO-1601-23, -24, and -60 as described in Section 6.2.7.

Generic Letter 96-06, "Assurance of Equipment Operability and Containment Integrity During
Design-Basis Accident Conditions," identified the potential for thermally induced overpressurization
and subsequent rupture of isolated, water-filled piping sections in containment. This condition could
jeopardize the ability of the accident mitigating systems to perform their safety functions and could
also lead to a breach of containment integrity via bypass leakage. When the arrangement of inboard
and outboard containment isolation valves create a post-accident overpressure potential for the
piping between them, a relief device (relief valve discharging to the drywell) was installed between
the isolation valves to mitigate the overpressurization. Alternately, the effect of this thermal
pressurization has been analyzed using Appendix F of Section III of the ASME B&PV Code, 1977
Edition through S’77 Addenda. The results demonstrate that the stresses remain within Appendix F
allowables. Therefore, the pressure boundary integrity of primary containment is maintained.

Instrument line excess-flow and simple check valves are described in Section 3.8.2.1.9.

6.2.4.2.2 Main Steam Isolation Valves

The main steam isolation valves (MSIVs) are 20-inch air-spring-operated, balanced, "Y"-type globe
valves. Figure 6.2-46 shows the typical design features for this type of valve. The Unit 3 inboard
MSIVs are equipped with leakoff lines as shown in Drawing M-345-1. This valve combines full-port
design with straight line flow to provide a very good flow pattern and utilizes upstream pressure to
aid in valve closure by tilting the actuator toward the upstream side of the valve. The balancing
feature of the valve makes it possible to take advantage of the upstream pressure to aid in holding
the valve closed and has the added advantage of requiring a smaller actuator cylinder to open the
valve. The balancing feature design aids holding the valve closed by allowing the full upstream line
pressure to bleed into the chamber above the plug through the balancing port to exert a force on the
plug internals in a direction to hold it against the seat. When the actuator starts to open the valve,
the stem lifts the pilot off its seat to vent the steam inside the plug into the downstream line. As the
stem travel continues, the plug is lifted off the main valve seat to open the valve port.
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The valve actuator is completely supported by four spring guide shafts. Coil springs located around
the spring guide shafts are used for closing the valve in case of air failure. The valve is opened and
held in the open position by compressed air. The valve closes within the specified time with air and
spring action. Analyses indicate that for a main steam line break fuel cladding perforations are
avoided for MSIV closure times of approximately 10 seconds. Refer to Section 15.6.4. For added
margin, the valve closure time is controlled between 3 and 5 seconds by a hydraulic (oil) dash pot
which is mounted below the main air cylinder and is equipped with an external bypass pipe and flow
control valve.
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A schematic control diagram for the MSIVs is shown in Figure 6.2-47. To open an MSIV (position
shown in Figure 6.2-47), the solenoids on both three-way solenoid valves (4) and (5) are energized to
shift four-way valve (2) into the position shown. With the four-way valve (2) shifted to the position
shown, air is admitted to the lower side of the air cylinder on the main valve to open the valve and
exhaust the air from the top of the cylinder.

To close the MSIV, the solenoids on both three-way solenoid valves (4) and (5) are deenergized to
shift valves (4) and (5) and four-way valve (2) into the position opposite that shown in Figure 6.2-47.
In this position, compressed air enters the top of the cylinder and air below the piston is exhausted,
forcing the valve closed. To exercise the MSIV, valves (4) and (5) are deenergized which positions
valve (2) opposite to the position shown and the solenoid on the three-way solenoid valve (6) is
energized to shift the four-way valve (1) into the position opposite that shown. This allows the
springs on the main valve to force the cylinder downward, exhausting the air through the flow
control valve associated with valve (1). The main valve is returned to the open position by
deenergizing the solenoid on valve (6) to shift valve (1) back to the position shown and reenergizing
the solenoids on valves (4) and (5) to shift valve (2) back to the position shown thereby permitting air
to enter the lower side of the air cylinder. As a fail-safe feature, the main valve will close on loss of
compressed air or loss of both ac and de voltage to solenoid valves (4) and (5). In both of these cases,
four-way valve (2) shifts position and exhausts the air below the cylinder of the main valve.

On several occasions early in plant life the Unit 2 MSIVs failed to operate due to sticking pneumatic
valves which control the flow of air to the MSIV cylinder operator. The cause of the failures was
determined to be excessive heat in the vicinity of the valves and the highly sensitive nature of the
small clearance pneumatic valves to oil-contaminated air causing binding due to the build up of
deposits within the valves. The air control valves were replaced with "poppet valves." Poppet valves
seal with elastomers between the poppet and the metallic valve seat. This design permits the
clearance between the valve body and the poppet to be larger, precluding the possibility of deposits
forming a mechanical bond. In addition, air conditioning equipment was added to the steam tunnel
to reduce temperatures in the area of the valves. A drywell pneumatic system provides compressed
nitrogen to the MSIVs inside the drywell. Compressed air for the MSIVs outside the drywell is
supplied from the instrument air system. The instrument air system is separated from the service
air compressors and two nonlubricated compressors and associated filters and piping are installed to
form a completely separate, oil-free system. Refer to Section 9.3 for a description of the drywell
pneumatic supply system.

6.2.4.2.3 Traversing Incore Probe Isolation Valves

The traversing incore probe (TIP) system, as discussed in Section 7.6, has several guide tubes which
pass from the reactor building through the primary containment wall. Penetrations of the insertion
guide tubes in the primary containment are sealed by means of brazing which meets the
requirements of ASME Section VIII.
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Each TIP system guide tube is provided with an isolation valve which closes automatically upon
receipt of an isolation signal and after the TIP cable and fission chamber have been retracted. In
series with this isolation valve, an additional or backup isolation shear valve is included. Both
valves are located outside the drywell. The function of the shear valve is to ensure integrity of the
containment in the event that the other isolation valve fails to close or in the event that the chamber
drive cable fails to retract while extended in the guide tube at the time that containment isolation is
required. The shear valve is a dc-operated explosive-type valve, which can shear the cable and seal
the guide tube if necessary. The valve position of each type valve is indicated in the control room.

6.2.4.2.4  Containment Vent and Purge Isolation Valves

The containment vent and purge isolation valves, shown in Drawings M-25 and M-356, are designed
to close automatically on a Group 2 isolation signal (see Section 7.3). The exhaust (vent) lines from
the drywell and torus are connected to a common exhaust header which leads to the reactor building
ventilation exhaust system and to the SBGTS. The drywell and torus exhaust lines each have an 18-
inch butterfly-type isolation valve (AO-1601-23 and AO-1601-60 respectively) bypassed by a 2-inch
globe valve (AO-1601-62 and AO-1601-61 respectively). The common exhaust header has an 18-inch
butterfly valve (AO-1601-24) for isolation of flow to the reactor building ventilation exhaust, and a 6-
inch butterfly valve (AO-1601-63) isolating flow to SBGTS.

The purge supply line to the drywell is connected to a common supply header from the reactor
building atmosphere via two 18-inch butterfly drywell isolation valves (AO-1601-21 and AO-1601-
22). In addition, one 18-inch line and a normally open butterfly isolation valve (AO-1601-56) taps
into the drywell supply line between the two drywell isolation valves. This valve (AO-1601-56) is
normally open to provide a flowpath from the suppression chamber to the pumpback air compressors
for maintenance of the required differential pressure (dP) between the drywell and suppression
chamber. Two 1¥2-inch lines and a 4-inch line with 1solation valves (AO-1601-58, AO-1601-59, and
AQ0-1601-55) tie into the supply header for inerting the containment atmosphere with nitrogen and
establishing and maintaining drywell-torus dP.

The 2-inch globe valves in the exhaust lines from the drywell and torus are used to reduce
containment oxygen content during operation and for containment pressure relief to either the
reactor building ventilation exhaust or SBGTS. Purging and venting the containment for deinerting
purposes is accomplished using the 18-inch butterfly isolation valves in the supply and exhaust lines.

6.2.4.3 Design Evaluation

6.2.4.3.1 Containment Isolation Valves
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All containment isolation valves, including their power operators, are designed to operate under the
most extreme ambient conditions (such as pressure and temperature) to which they may be exposed
after a major accident. All isolation valves in lines connecting to the NSSS and all pipe welded
connections were fully radiographed to assure their integrity. They were built to the applicable
codes and all nuclear interpretations applying to those codes.

Hydrodynamic testing and stress analysis was performed to evaluate stress level margins in critical
components of the 18-inch butterfly valves manufactured by the Henry Pratt Company and used as
drywell vent and purge containment isolation valves.[371 The purpose of this evaluation was as
follows:

A. Determine the torque values for these valves during closing at various mass flowrates
and incremental valve disk angles;

B. Verify that the valves tend to close under flow conditions; and

C. Determine worst case stress level margins existing in the critical load-carrying structural
members of the valve during the postulated closing event.

The first stage of the evaluation consisted of hydrodynamic testing at one-third scale. The valve
used for testing was geometrically similar to the 18-inch butterfly valve and was tested in a facility
that reproduced the postulated airflow resulting from containment pressure venting through the
valve to atmosphere. The second stage of the evaluation consisted of an analysis of stresses in the
valve shaft, pin, key, and actuator arm. This analysis was performed using, as the loading condition,
the valve shaft torque values determined in the one-third scale valve test scaled to full scale.

The results of the testing indicated that the flow-induced hydrodynamic torque tends to close the
valve up to the angle where the valve disk contacts the valve seat. The results of the stress analysis
indicate that the worst case stress level margins in the valve load-carrying structural members are
acceptable.

It was concluded from this testing and analysis that the critical internal components of the Pratt
Model 2F11, 18-inch butterfly valve will retain structural integrity if subjected to the flow-induced
loads resulting from a postulated design basis LOCA when used as a purge and vent containment
isolation valve.

A test program for the same model 18-inch butterfly valve was also conducted by the Henry Pratt
Company for Prairie Island. This test program used a 5-inch diameter model valve disk and
calculated dynamic torque data approximately 7 times greater than the evaluation described above.
The Dresden 18-inch, 6-inch, and 4-inch containment vent and purge valves were evaluated using
this higher torque data. These evaluations also confirmed the valves' ability to close from the fully
open position against the buildup of containment pressure in the event of a design basis LOCA.
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6.2.4.3.2 Containment Integrity

Valve structures and containment penetrations have been evaluated to confirm their ability to
maintain structural integrity and meet leak tightness requirements during the long term following a
LOCA. It is not anticipated that the integrity of the primary containment will deteriorate to a point
where excessive leakage will occur following a design basis accident. Individual component
evaluations are described below.

The containment shell, electrical penetrations, and piping penetrations are metallic components
(with a ceramic filler in the electrical penetrations) that are designed to pressure vessel standards
and thus, no degradation will occur from temperature, pressure, or radiation damage.

The torus to drywell vacuum breaker valves use Nordel and silicone rubber as the elastomer and
seat material and are located outside the primary containment shield wall. Thus, the ambient
temperature (continuously less than 250°) and radiation exposure for these locations are less than
the service rating for this material. The system temperature this material is exposed to has been
postulated to approach 340°F for approximately 48 minutes and then drop to less than 250°F for the
remainder of the accident. See Section 6.2.1.3.2. These materials are rated for this temperature
range (up to 340°F maximum). The radiation dose after 12 hours may approach the radiation
damage threshold for this material, but does not exceed their radiation capability (108 rads).
However, the torus to drywell vacuum breaker valves and valve seats would have already served
their function by this time; that is, they would have prevented bypassing steam from the drywell
directly to the suppression chamber without being quenched by the suppression pool, and thus
pressure suppression would have been assured. Leakage past these valve seats after pressure
suppression has occurred is acceptable since it actually provides additional confidence that the
drywell and suppression chamber are at the same pressure.

All other originally installed isolation valves in the primary containment system utilized metal

seats, and therefore, the structural integrity and leaktightness of these valves will remain
essentially unchanged following a DBA. Subsequent to the initial plant design, various isolation
valves have been replaced with valves with elastomer seats or diaphragms. The elastomer materials
have been evaluated to ensure their design is consistent with the fluid chemistry conditions, and the
normal and accident environmental conditions presented in Tables 3.11-1 and 3.11-2, based on valve
location. Consequently, each valve is capable of fulfilling its intended design function, to achieve and
maintain isolation of the primary containment following a design basis event.

Buna-N rubber, Teflon, and nylon are used in certain applications in the valves discussed above, but

these materials are used only in such locations that their failure will not alter the structural
integrity operability of these valves.
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The two manways into the suppression chamber, the drywell equipment access lock, the CRD
equipment hatch, the eight shear lug inspection ports, and the drywell head and manway all have
double seals. The drywell personnel access airlock doors each have a single seal. Seals for all these
penetrations are made of Elastomer materials that meet the requirements of normal and accident
conditions as presented in Tables 3.11-1, 3.11-2 and 3.11-3.
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6.2.4.4 Tests and Inspections

Prior to initial operation, all power-operated (diaphragm or motor) isolation valves (including
atmospheric vacuum relief butterfly valves) were automatically actuated and the closing time of each
determined. During normal operation, each power-operated isolation valve is exercised by fully
opening (or closing) at regular intervals. Closure times of all power-operated isolation valves are
tested on a regular basis. Automatic isolation by a simulated automatic initiation signal from the
primary containment isolation system is also tested. The frequency of valve closure tests is based on
assuring a high degree of reliability. If any isolation valve fails, at least one valve in the line with
the inoperable valve is placed in the mode corresponding to the isolated condition and verified to be
in that mode daily.

Main steam isolation valve testing can be accomplished both during reactor operation and during
shutdowns. Functional performance and leakage tests can only be performed during reactor
shutdowns when access to the area of the valves is permitted. In-service exercising is used to
demonstrate operability and to check closure times. The MSIVs are exercised more frequently than
other power-operated isolation valves by partial closure and subsequent reopening.

Tests performed during shutdown include actuation and closure time tests to assure that the MSIVs
operate properly, that the sensors are set correctly and cause the proper actuation, that the response
speed is correct, and that the fail-safe features are operable. Every refueling outage the MSIV air
pilot solenoid valves are tested for potential coil failure, and leaktightness tests of the MSIV and its
individual accumulator check valves are performed. Testing of the fail-safe feature of the MSIVs is
conducted during cold shutdown in accordance with the In-Service Testing Program.

Tests during reactor operation must be run in a manner to prevent reactor scram. The MSIV closure
scram signal requires MSIV not fully open signals (Analytical Limit: less than or equal to 10%
closure) of the inboard or outboard MSIV in any three lines, and for that reason in-service testing is
limited to one MSIV at a time. Each MSIV is equipped for in-service exercising through the use of
the slow-speed exercising circuit and three limit switches indicating fully open, 90% open, and fully
closed. Exercising the MSIVs to the 90% open position can be accomplished with the reactor at
normal power level.

Momentarily moving the test switch to the "test" position causes the MSIV to close to the 90% open
position and then reopen. Each MSIV can also be tested for full closure from a reduced power level
by moving the same test switch to the "test" position and holding it there. The MSIV being tested
will slowly close as long as the test switch is held in the "test" position. Releasing the test switch at
any time after the valve reaches the 90% open position causes the MSIV to return to the fully open
position. Moving the test switch to the "open" position at any time will return the MSIV to the full
open position.

Valve position status lights are provided. Valve closure times can be checked by reducing the reactor

power level, tripping each MSIV (one at a time), and measuring the time to receive the fully closed
indication.
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A program for periodic testing and examination of the excess flow check valves in instrument lines
penetrating the containment has also been established.

Refer to Section 6.2.6 for a discussion of the local leakage rate tests.
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6.2.5 Combustible Gas Control in Containment

The primary means of containment combustible gas control is the nitrogen inerted containment. The
inerted containment, combined with NCAD operation, is sufficient to ensure peak combustible gas
concentrations are below acceptable limits without the need to purge or repressurize the
containment. In addition, the following criteria are met:

A. Drywell oxygen is limited to less than 4% (per Technical Specifications);

B. Only nitrogen or recycled containment atmosphere is used for pneumatic control within
containment; and

C. There are no potential sources of oxygen into containment other than radiolysis of the
reactor coolant.

As such, reliance on a purge/repressurization system is not necessary.

In addition, various containment atmosphere control systems are installed which are capable of
providing venting and nitrogen makeup during normal operation and post-loss-of-coolant accident
(LOCA) conditions. In the event of a post-LOCA combustible gas mixture, the existing purge
systems can be used to vent this mixture out of the containment through the charcoal beds and high
efficiency particulate air (HEPA) filters of the standby gas treatment system (SBGTS). The Nitrogen
Containment Atmospheric Dilution (NCAD) system, nitrogen makeup system and nitrogen inerting
system are capable of adding nitrogen to the containment, thus reducing the combustible gas
concentration. This section describes the systems available for combustible gas control at Dresden.

Refer to Section 6.2.1.3.7 for a discussion of the sources of hydrogen in the containment and the
containment capability to handle the hydrogen generated.

6.2.5.1 Historical Basis for Combustible Gas Control System Design

The potential generation and control of hydrogen within the containment following a LOCA has been
a concern since the first nuclear power plant was constructed. However, it was not until 1971 that
the AEC documented its acceptance criteria for combustible gas control in Safety Guide 7, "Control of
Combustible Gas Concentrations in Containment Following a Loss-of-Coolant Accident." One of the
criteria stated in the guide was the amount of zirconium metal-water reaction that was to be
considered as part of the hydrogen production analysis; specifically 5% by weight of the zirconium
within the reactor core
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selected as the upper limit. It was believed that much beyond 5% core damage, the subsequent core
relocation could lead to a complete core meltdown.

The temperature response of the reactor core during a design basis accident (DBA) showed that the
hydrogen generated from the metal-water reaction process would occur within a matter of minutes.
To accommodate this rapid hydrogen generation, Mark I design focused on limiting the amount of
oxygen within the containment, thereby transferring the flammable control parameter from
hydrogen to oxygen. This change enabled the containment to accommodate any amount of hydrogen
without affecting the flammable limit of the containment atmosphere.

In 1978 the NRC published 10 CFR 50.44 (43 FR 50162) which established the amount of metal-
water reaction based on an average depth-of-fuel cladding involvement rather than a percentage of
cladding material. The NRC chose a depth of 0.00023 inches of involvement as the new metal-water
criterion. This value was selected to yield the equivalent of 5% by weight for the reactor design
containing the thinnest clad. Because of the thick BWR clad design, the new rule reduced the total
amount of metal-water reaction to about one-half of the amount calculated using the 5% by weight
criterion for a typical Mark I design. With the new criterion, it could be shown that a containment
atmospheric dilution system was sufficient without the need for inerting.

Based on evidence obtained from the Three Mile Island Unit 2 (TMI-2) accident, 10 CFR 50.44 was
revised in 1982 (46 FR 58484). The revision defines the requirements for combustible gas control
and specifies that BWR Mark I containments operate with an inerted containment. For those BWRs
which rely on a purge/repressurization system as the primary means of combustible gas control
following a LOCA, an internal recombiner or the capability for the installation of a recombiner is also
required.

Quantifying the amount of hydrogen generated in a post-LOCA condition is key to the bases for the
systems necessary to control combustible gas mixtures. The combination of the DBA metal-water
reaction generated hydrogen and the oxygen and hydrogen produced by events such as radiolysis and
corrosion is more than sufficient to yield a flammable condition within 30 days. This is the case
whether or not the containment is initially inerted as determined using models and equations
provided in Safety Guide 7.

The BWR Owners Group (BWROG) developed a model for radiolysis of water and documented the
results in NEDO-22155. The differences between the models in Safety Guide 7 and NEDO-22155 is
that the NEDO-22155 model results in hydrogen/oxygen generation rates due to radiolysis which are
several orders of magnitude lower than hydrogen/oxygen rates resulting from the Safety Guide 7
model.

Using the models presented in NEDO-22155, the BWROG was able to show for a typical Mark I
design that the initial inerted containment would be sufficient for the first 30 days of an accident. It
showed that neither a recombiner nor venting would be needed for at least 1 month following an
accident.
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The NRC indicated that the models were appropriate for the major segment of accidents under
consideration. For degraded core accidents where significant amounts of metal-water reaction
hydrogen are produced, the hydrogen acts as an inerting component with respect to oxygen. As a
result, neither set of models showed a need for an active combustible control system.

However, the NRC found that there were a small number of accidents, both within the DBA envelope
and slightly beyond, where the assumptions used in NEDO-22155 were at least questionable. The
NRC staff has found the models contained in NEDO-22155, which several licensees generically used
to support the position of not requiring an active combustible gas control system, unacceptable for
DBA applications. Safety Guide 7 guidelines have been and continue to be the basis of acceptance
for the DBA events. The NRC weighed the benefits to be gained for this small number of accidents
to the costs of providing recombiner capability. The NRC concluded that the costs outweighed the
benefits for this limited situation. To reflect this position, the NRC issued Generic Letter 84-09. In
the Generic Letter, the NRC specified that Mark I BWR plants do not need to rely on a
purge/repressurization system as the primary means of combustible gas control provided that three
technical criteria are met. The NRC staff, however, also indicated in the Generic Letter that if the
licensee has a safety-related purge/repressurization system, which was installed to meet 10 CFR
50.44(g), the licensee must maintain that system. The intent of the Generic Letter was to provide
relief from the recombiner capability.

The three criteria which must be satisfied to meet the requirements of Generic Letter 84-09 are:

A. Technical Specifications must require the containment atmosphere to be less than 4%
oxygen when the containment is required to be inerted;

B. Nitrogen or recycled containment atmosphere must be used for all pneumatic
applications within containment; and

C. No potential sources of air and oxygen may be present other than radiolysis of reactor
coolant.

The amount of oxygen that could be expected to be introduced into the containment shall not cause
the containment to become deinerted within the first 30 days after an accident.

The system originally designed for combustible gas control was the atmospheric containment
atmosphere dilution (ACAD) system, which used standard air to dilute the containment and thereby
reduce the hydrogen concentration. Since it represents an oxygen source contrary to the guidelines
of Generic Letter 84-09 and a threat in dealing with accidents beyond the DBA, the ACAD air
dilution capability has been disabled and injection piping and pressure bleed subsystem piping has
been cut and capped.

The primary means for combustible gas control is the inerted containment. The NCAD system has

been installed to provide a redundant path and single failure proof means of re-inerting the
containment with nitrogen following a LOCA.
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6.2.5.2 Design Bases

The combustible gas control systems are designed to prevent the formation of a combustible gas
mixture in the primary containment. This is a redundant safety measure since the highly reliable
emergency core cooling system (ECCS) provides sufficient cooling during a LOCA to inhibit
formation of hydrogen by a metal-water reaction, the primary containment can accommodate an
energy addition equivalent to the combustion of hydrogen formed during postulated accidents, and
the containment is inerted.

The design bases for combustible gas control are as follows:

A. To maintain the drywell in a nitrogen inerted condition as a means of inhibiting the
formation of a combustible gas mixture under LOCA conditions;

B. To monitor radiation, hydrogen, and oxygen levels within the primary containment; and

C. To provide a means to dilute the primary containment atmosphere with nitrogen under
LOCA conditions if a potentially combustible gas mixture were to develop.

Since the NCAD system is now installed, the ACAD system has been disabled to prevent it from
operating and eliminate it as a potential post-accident oxygen source in order to satisfy the criteria of
Generic Letter 84-09. The ACAD injection piping and pressure bleed subsystem piping has been cut
and capped and the solenoids to the air operated isolation valves have been electrically disconnected. |
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Following are the criteria used to design the nitrogen containment atmosphere dilution
(NCAD)/containment atmosphere monitoring (CAM) system:

A. The systems are designed in accordance with guidelines contained in Branch Technical |
Position CSB 6-2, "Control of Combustible Gas Concentrations in Containment Following
a Loss-of-Coolant Accident."38 This system was also designed in accordance with
General Design Criteria 41, 42, 43, 54, and 56 of 10 CFR 50, Appendix A.[39

B. In postulating the occurrence of metal-water reaction, a penetration of the oxide layer
0.00023 inches into the cladding was assumed, and the core was assumed to consist of
8x8 fuel assemblies. This assumption is representative of the 7x7 configuration or any
combination between the 7x7 and 8x8 assemblies. The generation of hydrogen from
metal-water reaction was assumed to evolve over a 2-minute period at a constant
reaction rate. The resulting hydrogen was assumed to be uniformly distributed in the |
drywell, as recommended by Branch Technical Position CSB 6-2.[38]

C. The systems have the capability of sampling and measuring the hydrogen and oxygen |
concentration throughout the drywell or torus during all modes of operation.

D. The systems have the capability of controlling combustible gas concentrations in the drywell
and torus atmospheres with a minimum release of radioactive material to the environment.

E. The systems will not introduce safety problems that affect containment integrity.

F. As a backup to the combustible gas control system, capability is provided to control gas
concentrations by purging the drywell and torus atmospheres via the Standby Gas
Treatment System (SBGT).

G. An appropriate margin between the hydrogen concentration limit and the hydrogen

concentration at which action occurs is provided. This margin is based on the simplicity of
the system and the start-up actions required.
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Following are design bases for post accident design of the NCAD System:

A. The NCAD system is to provide a redundant path, single failure proof means of
reinerting the containment following a LOCA.

B. The NCAD system must be capable of being initiated 19 hours after the accident, and
provide a maximum required flow rate of approximately 29 scfm of nitrogen against a

maximum containment backpressure of 31 psig.

C. The nitrogen supply system including the inerting pathways upstream of the
Containment Isolation Valves are not required to be safety related.

D. Accessibility for operator action to initiate the NCAD system post LOCA must be
assured.

6.2.5.3 System Design

6.2.5.3.1 Vent, Purge, and Inerting System

Containment isolation criteria are met by isolation valves in each system which close on isolation
signals from the primary containment isolation system. The ACAD system isolation valves have
been removed and piping capped as part of ACAD abandonments. Containment Isolation is
discussed in Section 7.3 and Section 6.2.4.

The oxygen sampling system automatically draws samples of the containment atmosphere at various
elevations, analyzes the sample oxygen content, and indicates and records the results continuously
in the control room. Oxygen sample concentration is also indicated at the drywell personnel airlock
entrance. Low-purge supply temperature, high-supply line pressure, high-oxygen content, and low-
sample flow alarms are annunciated in the control room.

Primary containment venting to reduce drywell pressure and purging to reduce containment oxygen
concentration are conducted in accordance with established operating procedures. During startup,
shutdown and normal operation venting and purging are accomplished via either the standby gas
treatment system and plant chimney, or the reactor building ventilation stack, depending upon
sample analysis results.

Containment venting is also discussed in Section 6.2.1.2.7. Venting through the augmented primary
containment vent system (APCVS) is discussed in Section 6.2.7.
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6.2.5.3.2 Containment Atmosphere Monitoring System |

In the event of a major LOCA, generation of hydrogen and oxygen gases may take place at such rates
that a combustible gas mixture could be produced. To assure containment integrity is not

endangered due to the possible ignition and combustion of the gas mixture, the NCAD system and |
the containment atmosphere monitoring (CAM) system are provided for controlling the relative
concentrations of hydrogen and oxygen to below combustible mixture levels. The control of gas
concentrations following a LOCA is accomplished by diluting the evolved oxygen with (CAD) or
nitrogen (NCAD) if required. The resulting pressure increase in the containment is controlled to

well below the design pressure by intermittent bleeding of the containment atmosphere into the
SBGTS. As a backup means of control, the containment atmosphere can be purged.

This protection supplements that provided by the emergency core cooling systems and nitrogen
inerting system.

The concentration of combustible gases in the containment following a LOCA is monitored by the

CAM system. The CAM system is safety-related and is designed such that all components are |
Seismic Category I and all active components are redundant. Separate power buses are used for the
redundant channels of the CAM system. All equipment associated with the CAM sample loop and
sensors is located within the reactor building, which is a Seismic Category I structure. The NCAD
system is redundant path and single failure proof.

The CAM system consists of redundant hydrogen, oxygen, and radiation monitoring subsystems.

The entire monitoring system is automatically activated upon the occurrence of a LOCA through core
spray system initiation logic (analytical limits: 59 inches reactor water level or +2 psig drywell |
pressure). The system may also be manually initiated from the control room using a keylock switch.
The system remains on at all times after initiation, unless turned off with a keyswitch.

Hydrogen and oxygen concentrations within containment are determined by taking gas samples
from the torus and drywell, routing the sample to the gas monitors, and returning the sample to the
drywell thereby forming a closed loop system. The system is seismically Category I and
environmentally qualified. The CAM system is designed in accordance with NRC Standard Review
Plan 6.2.4.11.3.e. It is safety-related and built to ASME Section III, Class 2 code requirements. The
system is qualified to IEEE 323-1974 and IEEE 344-1975.

The philosophy for the design of the system is to continuously return the gas samples to the

containment rather than to isolate the system from containment under LOCA conditions. Therefore,
this system is designed as an extension of the containment during an accident.
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As shown in Drawing M-706, Sheets 1and 2, the system is completely redundant and separated into |
engineered safety features (ESF) Divisions I and II. There are four intake ports on each of the two
headers in containment. The intake ports on each header are located at four elevations (three in the
drywell, one in the torus) approximately equidistant from each other. The headers are on opposite
sides of the reactor. A globe valve is installed on each intake port to allow throttling. These valves

are set to provide approximately equal flow into each intake port. There are no obstructions which
would prevent hydrogen from reaching the intake ports quickly.

Since there are two monitors per unit, a single active failure of the hydrogen monitoring system can
be accommodated.

The CAM system is designed to operate under the conditions described in Section 3.11.
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6.2.5.3.3  Nitrogen Containment Atmospheric Dilution (NCAD) System

In the event of a LOCA, combustible gas concentrations may require the addition of nitrogen to the
Containment. The NCAD system is designed to be initiated at 19 hours after a LOCA, when the
oxygen concentration may reach 5 percent by volume (see Section 6.2.5.4.2.2).

In addition to the normal inerting and makeup pathways, two bypass lines are provided for each
unit. These bypass lines are routed from the discharge of the makeup line atmospheric vaporizer,
located outside, to the downstream side of the pressure regulating stations in the normal inerting
and makeup pathways, located within the Reactor Building. These lines provide the capability of
inerting the Containment post-LOCA.

The NCAD system nitrogen flow is initiated through either or both of the bypass lines by opening the
manual isolation valve located outside in the vicinity of the Nitrogen Supply system equipment, and
opening the Containment isolation valves from the control room.

The NCAD system is designed to inject a maximum required flowrate of approximately 29 scfm of
nitrogen to the Containment, considering a maximum backpressure of 1/2 of the Containment design
pressure, or 31 psig.

6.2.5.3.4 Containment Post Accident Vent Path (Historical

One of the available post accident containment vent paths was originally designed as the ACAD
pressure bleed subsystem.

The ACAD pressure bleed subsystems were disabled and the piping permanently cut and capped as
part of ACAD abandonments.

6.2.5.4 Design Evaluation

In evaluating the combustible gas control system design, it was necessary to consider the following:

A. The production and accumulation of combustible gases within the drywell and torus
following the postulated LOCA;
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B. The capability of the system to reduce combustible gas concentrations within
containment;

C. The radiological impact of operation; and
D. The capability to mix the combustible gases within the containment atmosphere and

prevent high concentrations of combustible gases in local areas.

6.2.5.4.1 Historical Short- and Long-Term Hydrogen Generation

In the period immediately after LOCA, hydrogen would be generated by both radiolysis and metal-
water reaction. However, in evaluating short-term hydrogen generation, the contribution from
radiolysis is small in comparison with the hydrogen generated by a postulated metal-water reaction.
Refer to Section 6.2.1.3.7 for a detailed discussion of the sources of hydrogen in the containment.

In accordance with the provisions of the Branch Technical Position CSB 6-2,381 the amount of
hydrogen assumed to be generated by metal-water reaction in establishing combustible gas control
system performance requirements was based on the amount calculated in demonstrating compliance
with 10 CFR 50.46.140]

As described in NEDO-2056631 GE submitted two alternate methods for the calculation of core wide |
metal-water reaction.

The first method of analysis for core-wide hydrogen generation utilizes the heatup code CHASTE in
a series of calculations. The calculations for planar segments are made with varying values of
segment power to represent all feasible segment powers for a particular core. The calculated
temperature responses are used to predict the amount of cladding reacted locally for each planar
segment. The local cladding reactions are weighted by a conservative core axial power distribution
and summed to calculate the total core-wide cladding reacted. The core axial power distribution is
based upon fine noding of operating reactor data and is conservative since it is relatively flat. The
total cladding reacted is divided by the total cladding surrounding the active fuel. The quotient is
the percentage of core-wide hydrogen generation.

The second method of analysis, documented in NEDO-11013-77,[42] develops a relationship between

core-wide metal-water reaction and peak clad temperature, based on a core model which has power
and temperature distributions which conservatively bound those calculated for BWRs.
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Both of the methods described above have been found acceptable by the NRC staff; however, the
second method has been used in Appendix K submittals. The metal-water reaction fraction
calculated utilizing the second method, because of the simplifications made in formulating that
model, renders a number which is higher by a factor of approximately 4 than the result of the
preliminary calculations utilizing the first method.

The result obtained from this core-wide metal-water reaction calculation is 0.21%. In accordance
with the provision of Branch Technical Position CSB 6-2, the core-wide metal-water reaction
calculated, in compliance with 10 CFR 50.46 (0.21%), is multiplied by a factor of 5. This results in a
metal-water reaction fraction of 1.05%. This metal-water reaction fraction is greater than the metal-
water reaction fraction which results from postulating a reaction of all the metal in the outside
surface of the cladding cylinders surrounding the fuel (excluding the cladding surrounding the
plenum volume) to a depth of 0.00023 inches. This calculated metal-water reaction fraction, 1.05%,
was therefore used as input into the computer program CONCEN. The computer program CONCEN
is described in Reference 6.

The 0.21% metal-water reaction was calculated based on an all 7x7 core and, therefore, the
zirconium inventory was based on a 7x7 core. The 8x8 core was not used because a 7x7 core
rendered a more restrictive core-wide metal-water reaction.

It has been shown that the amount of 9x9 fuel element cladding which reacts chemically with water
or steam does not exceed 1.0% of the total amount of zircaloy in the reactor. Refer to Section 6.3 for
a complete description of the current LOCA analyses. Refer to Section 6.2.1.3.7 for a description of

the containment's capability with respect to hydrogen generation.

The generation of hydrogen due to radiolysis begins immediately after the LOCA. The guidelines
contained in Branch Technical Position CSB 6-2[38 have been followed to determine hydrogen
generation rates. The details of modeling and the input variables used are described in Section
A.2.1.2. and Section A.3 of Reference 6.

6.2.5.4.1.2 Current Hydrogen Generation From Metal-Water Reaction

GE 14 fuel was evaluated, in accordance with Regulatory Guide 1.7 for the purposes of verifying a
non-explosive hydrogen mixture in the containment post-LOCA. Results of that evaluation showed
core wide metal water reaction results of less than 0.945% volumetric hydrogen concentration, which
1s the basis for hydrogen generation in the post LOCA containment atmosphere flammability
evaluation in Section 6.2.5.4.2.2.

SVEA-96 Optima2 fuel is evaluated in accordance with Regulatory Guide 1.7 for the purpose of
verifying a non-explosive hydrogen mixture in containment post-LOCA. Results of that evaluation
show core-wide metal-water reaction results of 4.00% volumetric hydrogen concentration based on
five times the maximum amount of core wide oxidation calculated in accordance with 10 CFR
50.46[7]. The resulting Hydrogen would not lead to an explosive mixture in the containment post-
LOCA.

Although this value is greater than that reported for GE14 fuel, neither fuel type nor amount of
hydrogen generation due to metal-water reaction affects the production rate of oxygen, which is the
controlling factor in maintaining a non-flammable containment atmosphere. It is therefore concluded
that differences in the amount of cladding oxidized for the different fuel designs will not adversely
impact the conclusions of the combustible gas analysis.
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An additional consideration with regard to the NCAD analysis is that the primary influence on the
nitrogen addition rate is the radiolytic generation of oxygen. The fuel type or extent of hydrogen
generation due to metal-water reaction has no impact on the rate of production of oxygen. Since the
analysis 1s primarily focused on maintaining oxygen concentrations below 5%, slight increases in the
hydrogen generation due to metal water reaction would actually reduce the oxygen fraction, which
would be conservative.

6.2.5.4.2 Reduction of Containment Combustible Gas Concentrations
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6.2.5.4.2.2 Analysis of Combustible Gas Control Using Nitrogen Dilution

An analysis of the use of nitrogen dilution to control post-LOCA containment combustible gas
concentrations has been performed. The study was based on NRC Regulatory Guide 1.7 assumptions
for radiolytic oxygen and hydrogen generation following a design basis LOCA, and upon a
conservatively determined initial oxygen and nitrogen content inside containment.

The major analysis assumptions and methodology were consistent with the NRC combustible gas

control Standard Review Plan 6.2.5 and Regulatory Guide 1.7. In addition, the analysis assumed
that good mixing occurs in the containment and that containment leakage is 1% per day.

Major containment parameters and initial conditions used in this analysis are summarized below:

Core thermal power (102% rated) 3016 MWt
Drywell free volume 158,236 ft3
Suppression chamber free volume 112,800 ft3
Drywell temperature 150°F
Drywell pressure 15.7 psia
Drywell relative humidity 100%
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Drywell oxygen concentration 4% by vol
Suppression chamber temperature 98°F |
Suppression chamber pressure 14.7 psia
Suppression chamber relative humidity 100%
Suppression chamber oxygen concentration 4% by vol

The amount of pre-accident gases in the containment increases with increasing initial containment
pressure and decreases with increasing initial containment temperature. The containment initial
conditions selected for the analysis were selected to minimize the calculated initial gas amount and

the time to reach a flammable concentration and maximize the calculated nitrogen addition. |

The analysis led to the following conclusions:

A. The containment would reach 5% oxygen by volume about 19 hours after the postulated |
LOCA.

B. To maintain the oxygen concentration at exactly 5% by volume up to 7 days after the
LOCA, 393 1b. moles of nitrogen (141,000 standard ft3) would have to be added at a time-
dependent rate starting at 29 scfm at 19 hours after the accident, reducing to 11.5 scfm
at 7 days, and further reducing to 5.2 scfm at 32 days when the pressure is calculated to
reach the regulatory limit of 31 psig.

C. If nitrogen were added to the containment at a rate that just maintains the oxygen at 5%
by volume, the containment pressure would reach the 10 CFR 50.44 limit (one-half of the
design pressure or 31 psig) in about 32 days using Regulatory Guide 1.7 assumptions and
assuming 1% leakage. |

D. At 30 days, a total of 393,000 standard ft3 of nitrogen would have been added.

E. Nitrogen dilution can control the containment combustible gas composition without |
venting for at least 30 days if the conservative generation rates of Regulatory Guide 1.7 |
are used.

6.2.5.4.3  Original Analysis of Radiological Impact of ACAD System Operation
(This section contains historical information regarding ACAD system operation. The
ACAD system is no longer operational.)

6.2-88



DRESDEN - UFSAR Rev. 7
June 2007

As a result of ACAD system operation, some releases of radioactivity to the environment are
necessary. Consequently, the total dose resulting from a LOCA 1is increased by the incremental
amount resulting from these releases. The LOCA-related doses are described in Section 15.6.5.5.1.

As was discussed in the previous subsection, the pressure bleed subsystem would be used to release
containment atmosphere into the SBGTS 116 hours after the LOCA and continues to release
radioactive materials intermittently for the remainder of the assumed duration of the accident.

The dose calculation method used employed the actual site meteorology to calculate the diffusion
parameters. The diffusion parameters (X/Q) were calculated using the sector average, Gaussian
diffusion equation for an evaluated release as described in Appendix A to Quad Cities FSAR
(Dockets 50-254 and 50-265). Values were determined for the low population distance of 5 miles.
The 1974 one-year period of site data was used. Cumulative probability of exceeding a certain dose
during a year was determined assuming that the accident occurs every hour of the year and lasts for
30 days. The proprietary code METPER was employed for this calculation.

The model for estimating the probability of an individual receiving an integrated dose in excess of a
given amount resulting from the containment venting utilizes long periods of hourly weather
measurements to simulate sequences of atmospheric diffusion conditions over a given time period
following the postulated accident. These sequences are coupled with a postulated accident which
might occur at any random time. The METPER program computes the integrated offsite whole body
and thyroid doses over a selected time period (or window). The processing begins for the selected
window starting with the first hour of ¥/Q record being used and continues until the integrated dose
over the selected window is complete. The process is then repeated for the same elapsed time period
(window) starting a new integrating period with each subsequent hour of x/Q data. In this process,
an integrated dose over the given period has been computed effectively assuming that an accident
has occurred during each hour of the year. The period length selected for the purposes of this
analysis 1s 720 hours. Assuming that there were 8760 integrated 720-hour doses for each location
being investigated, the probability of an individual at any one of these locations receiving a given
dose (or greater) is determined by dividing the total number of occurrences of each dose (or greater)
at this location by the total number of integration periods. The cumulative probability distribution is
computed by finding the total occurrences of doses equal to or in excess of sequentially smaller doses
regardless of direction. The distribution represents the chance that any person at any location along
the low population distance boundary would receive an exposure equal to or greater than the
indicated dose.

The results of this analysis are shown on Figures 6.2-57 and 6.2-58, where the probabilities of
exceeding certain thyroid or whole body doses are plotted. Table 6.2-12 summarizes the results of
the analysis by showing the 5% probable thyroid and whole body doses. These doses, when added to
the doses calculated for the LOCA by the NRC staff,[44.45] are well below the 10 CFR 100 limits. For
use with Alternative Source Term (AST), new y/Q values were calculated as describe in Chapter 2.
These new %/Q were used in the AST analyses. Results doses are below the 10 CFR 50.67 limits.
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Utilizing the Regulatory Guide 1.3[46] assumptions and meteorology (which is a more conservative
approach than using the actual site meteorology) and the METPER code, the incremental doses
resulting from the ACAD system operation are listed in Table 6.2-12.

In the absence of the ACAD system, the 4% hydrogen concentration is reached approximately 240
minutes (4 hours) after a LOCA. Containment inerting is used to preclude a flammable mixture of
oxygen and hydrogen immediately after the completion of the metal-water reaction. Based on the
above discussion, it is concluded that the ACAD system operation meets the dose criteria of Branch
Technical Position CSB 6-2.138]

6.2.5.4.4  Atmosphere Mixing in Containment

The capability to mix the combustible gases within the containment atmosphere and thus prevent
high concentrations of combustible gases in local areas inherently exists in the containment.

The variations in concentrations of hydrogen throughout the drywell would be expected to be
minimal, i.e., less than 0.1%, due to the convective currents present in the drywell during the post-
LOCA period.

The containment systems experiments (CSE) performed by Battelle Northwest Laboratoryl47-50 and
the Carolina Virginia Tube Reactor (CVTR) experiments/51521 performed by the then Idaho Nuclear
Corporation both provided data which showed substantial convective currents were produced by the
LOCA and then sustained for a prolonged period of time after blowdown ceased.

Hydrogen released to the torus is from a relatively weak and dispersed source, i.e., radiolysis in the
suppression pool. Since the suppression pool is being heated during this period, fairly large
temperature gradients between it and the torus atmosphere exist. This temperature difference
promotes natural convection, which in turn promotes good mixing.

Other experiments(53.54 have shown that when a gas that is lighter than air is introduced at the
bottom of a container, very rapid mixing occurs.

Based on the above discussion it is concluded that hydrogen generated from metal-water reaction

and radiolysis in the drywell and torus would mix homogeneously with the volumes' atmosphere, and
therefore no localized high gas concentrations would be expected.

6.2.5.5 Instrumentation and Controls

The purpose of the CAM system instrumentation and control is to provide the signals necessary to
indicate and alarm high hydrogen, high oxygen or high gross
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gamma radiation levels in the containment following a LOCA. The gross gamma monitoring
subsystem monitors the dose rate resulting from gross release of fission products from the fuel. The
hydrogen and gross gamma monitoring subsystems consist of duplicate channels; each channel
provides a local measurement in both areas and transmits the signal to the control room where a
permanent record is provided on recorders.

6.2.5.5.1 Hydrogen Monitoring Initiating Circuits

This system consists of a hydrogen sensor, an electronics assembly and a recorder. The monitors are
located in the reactor building on the first floor.

The hydrogen sensor provides a signal proportional to the hydrogen partial pressure of the drywell
and torus. This signal is then divided by a signal equal to the containment pressure. A signal is
produced that is proportional to the volume percent of a hydrogen in the containment, thus:

H, Partial Pressure

=%H
Total Pressure o

The sensor output is directed to control room panels 902(3)-55 and 902(3)-56, and is indicated on
SPAN meters and a recorder. A range of 0 - 10% is provided.

6.2.5.5.2 Radiation Monitoring Initiating Circuits

The radioactivity monitoring subsystem employs two sensors, mounted within the drywell.

Each instrument channel consists of a gamma-sensitive ion chamber high range radiation monitor.
One upscale trip circuit is used to initiate an alarm on high radiation. The second circuit is a
downscale trip that actuates an instrument trouble alarm in the control room. The output from each
high range radiation monitor is displayed on an eight-decade meter in the control room. The

detector covers the range of 100 to 108 R/hr. Two 2-pen strip chart recorders are also located in the
control room. One channel of each strip chart has been abandoned in place. When activated, the |
trip circuit for each monitoring channel is energized. When power to monitoring components is
interrupted, a trip signal results.

6.2.5.6 Tests and Inspections

6.2.5.6.1 Hydrogen/Oxygen Monitor Tests
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The CAM hydrogen monitors and oxygen monitors are periodically calibrated and functionally
tested. Calibration gas bottles are mounted locally adjacent to the associated hydrogen/oxygen
monitor cabinets on the first floor of the reactor building. An instrument check is performed once
per 31 days, and a calibration is performed once every 3 months.

6.2.5.6.2 Oxygen Analyzer Test

The containment oxygen analyzing system is functionally tested once per week and is calibrated once
per six month period.

6.2.5.6.3 Radiation Monitoring Test

A built-in simulated source (an adjustable current) is provided with each radiation monitor for test
purposes. In addition the operability of each monitoring channel can be verified by comparing the
outputs of the channels at any time.

Each drywell radiation monitor is calibrated once every refueling outage and an instrument check is
performed once per 31 days.

6.2.5.6.4 Deleted

6.2.5.6.5  Pressure Bleed Subsystem Test

Testing of the containment vent path air operated valves is done through remote manual switches
located in the main control panels.

6.2.5.6.6  Containment Isolation Valve Leak Test
Test connections are provided between the first and second isolation valves for leak tests of the

containment isolation valves.

6.2.5.6.7 Containment Atmosphere Monitor Subsystem Test
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Since the CAM is activated during an accident, the entire closed loop of the CAM is subjected to
drywell pressure. Thus, leak rate testing of the CAM includes all piping outside the containment
isolation valves, the analyzer cabinet, and the CAM drywell return line check valve.
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6.2.6 Containment Leakage Testing

The Primary Containment Leakage Rate Testing Program was developed to provide assurance that
the primary containment, including those systems and components which penetrate the primary
containment, does not exceed the allowable leakage rate values specified in the Technical
Specifications and bases. The allowable leakage rate is determined so that the leakage rate assumed
in the safety analysis is not exceeded. This program meets the requirements of Regulatory Guide
1.163, Performance-Bases Containment Leak-Test Program and 10 CFR 50, Appendix J.

The program for testing the primary containment system includes an integrated leak rate test
(ILRT) of the containment and local leakage rate tests (LLRTS) of containment penetrations and
containment isolation valves.

6.2.6.1 Containment Integrated Leakage Rate Test

Following construction of the drywell and suppression chamber, each was pressure tested at 1.15
times its design pressure. Penetrations were sealed with welded end caps. Following the strength
test, the drywell and suppression chamber were tested for leakage rate at design pressure; each met
the leakage criterion for that stage of construction of less than 0.5% per day at design pressure. The
suppression chamber was also tested while half-filled with water to simulate operating conditions.

After complete installation of all penetrations, an integrated leakage rate test of the drywell,
suppression chamber, and associated penetrations was conducted. The tests were conducted at
several test pressures to establish a leakage rate curve. The necessary temporary instrumentation
was installed in the containment systems to provide the data to calculate the leakage rate.

The design basis accident (DBA) used for determination of allowable containment leakage rates was
the loss-of-coolant accident (LOCA) as discussed in Section 6.2.1.3.5.1 and Section 15.6.5. The initial
containment conditions, containment pressure transient, percent metal-water reaction, and fission
product release to the containment assumed for the double-ended recirculation line break were used
in this analysis. In addition, the emergency ventilation system was assumed operative such that any
fission products which leaked from the primary containment would pass through filters prior to
discharge to the environment via the chimney.

Containment leakage rate tests, including Types A, B, and C tests as defined in 10 CFR 50,
Appendix J, are performed in accordance with the requirements of the Technical Specifications.
These requirements conform to the requirements of 10 CFR 50, Appendix J, with the exception of
several NRC-authorized exemptions.
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An exemption from Appendix J requirements for containment isolation valve leakage rate tests
(Type C tests) permits Type C tests to be performed prior to the ILRT (Type A test) and the results of
the Type A test to be back-corrected to simulate the as-found conditions using the results of the Type
C tests provided that:

A. When performing Type C tests, the conservative assumption that all measured leakage is
in a direction out of the containment is applied, unless the test is performed by
pressurizing between the isolation valves; and

B. When performing Type C tests by pressurizing between the isolation valves, the
conservative assumption that two valves leak equally is applied (and therefore one-half
of the measured leakage is in a direction out of the containment), when the isolation
valves are shut by normal operation without preliminary exercising or adjustment.

Type C tests for instrument line manual isolation valves installed in accordance with Regulatory
Guide 1.11, "Instrument Lines Penetrating Primary Containment," are not required provided that
the subject instrument lines are not isolated from the containment atmosphere during performance
of a Type A test.

Due to the design of the two-ply containment penetration expansion bellows, it has been determined
that the bellows cannot be properly tested to satisfy Appendix J, Type B testing requirements.
Accordingly, a testing and replacement program for the bellows assemblies has been accepted by the
NRC as an acceptable alternative to the testing requirement, and an exemption from Appendix J has
been granted for these assemblies. Each assembly is individually exempted until it is replaced by a
testable bellows assembly at which time the testable assembly will be tested in accordance with the
normal Type B test program. Similarly, if a method is developed which ensures a valid Type B test
on one or more assemblies, those bellows will also be excluded from the exemption and will be
required to be tested in accordance with the normal Type B test program.

The periodic ILRT is conducted at a test pressure of 43.9 psig which corresponds to the calculated |
maximum peak accident pressure. The test is conducted in accordance with the provisions of ANSI
/ANS-56.8-1994. During testing, the initial pressure is maintained much longer than the few

seconds for which the peak accident pressure is expected to be sustained (see Figure 6.2-19). Testing
with the peak accident pressure is also conservative because the airborne fission product inventory is
negligible for the short time (after the initial blowdown) during which the peak pressure occurs.

The ILRT is performed at a frequency specified in the Primary Containment Leakage Rate Testing
Program based on maintaining the primary containment leakage rate below the permissible leakage
rate limit. An integrated test with a leakage rate above the permissible leakage rate limit requires
identification of the cause of unacceptable performance and determination of corrective action. Once
computed, the test interval shall be at a frequency specified in NEI 94-01, Rev.0.
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6.2.6.2 Containment Penetration Leakage Rate Test

The pre- and post-operational testing of the penetrations include testing of the piping and electrical
penetrations, access openings, and flanged openings.

Containment penetrations and seals are tested in accordance with the Primary Containment
Leakage Rate Testing Program. Testing is conducted using either of two methods: measuring the
decay rate of a given volume with no replacement gas, or, more commonly, measuring the flowrate of
replacement gas at a constant pressure. The testing is conducted at a pressure not less than 48 psig
which is sufficient to verify the ability of the penetrations to withstand the peak containment
pressure as a result of a LOCA, as well as to verify the ability of the penetrations to maintain overall
containment leakage within acceptable limits. These tests were performed prior to initial startup
and subsequent tests are performed on a regular basis.

The personnel access lock is provided with double doors, which open inward, toward the drywell and
are designed to withstand a large outward force due to a high drywell internal pressure. The doors
are not designed to withstand a large inward force due to a differential pressure in the reverse
direction. Therefore, the leakage rate testing for the access lock requires placing a strongback on the
inner door prior to pressurizing the space between the doors to 48 psig. Testing is conducted on a
regular basis.

Type B tests of the containment airlocks are performed at pressures and intervals specified in the
Primary Containment Leakage Rate Testing Program. In addition, a 43.9 psig test is performed
when primary containment is required following an airlock opening. The intent of the requirement
1s to ensure that the airlock door seal integrity is maintained and that no degradation has occurred
as a result of opening the airlock.

Flanged openings are provided with double seals and test ports so that the space between the seals
can be pressurized to test for leakage. Testing is conducted on a regular basis, or after seal
maintenance. If a flange is to be opened thereby breaking the seal, the seal is tested first in the as
found condition before the flange is opened, in accordance with (10 CFR 50, Appendix J, and then
again when the flange is closed, in accordance with the Primary Containment Leakage Rate Testing
Program.

The major portion of leakage from the containment has been shown at Humboldt Bay and other
nuclear power stationsl55-58] to come primarily from valves and penetrations. Little or no leakage is
attributable to the containment shell.

Shell leakage (including leakage through nonisolatable lines and seals) can be determined by
conducting both an ILRT and LLRTs and subtracting the results of the LLRTs from that of the
ILRT. (For valves in a series, only the LLRT result of the valve with the lowest leakage rate is
subtracted.) A calculated value for integrated leakage can be subsequently obtained by adding the
results of later LLRTs (performed more frequently than the ILRT) to the most recent value for shell
leakage.
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6.2.6.3 Containment Isolation Valve Leakage Rate Test

The pre- and post-operational testing of the primary containment isolation valves includes pressure
testing, leakage testing, and operability testing. Isolation valves tested include those valves in lines
connecting to the open space within the containment vessels and valves in lines connected to the
reactor coolant system. Local leakage rate testing of the volume between containment isolation
valves (Type C test) is conducted at the calculated maximum peak accident pressure of 48 psig with
one exception: the volume between the main steam isolation valves (MSIVs) is tested at 25 psig.
Testing is conducted on a regular basis.

Type C testing of the MSIVs at the reduced pressure of 25 psig instead of the 43.9 psig required by
10 CFR 50, Appendix J has been authorized by the NRC. The leakage rate acceptance criterion for
the MSIVs at 25 psig test pressure is a total maximum pathway leakage for all MSIVs of <46 scfh.
The leakage rate measured at 25 psig is corrected mathematically to a leakage rate at 43.9 psig. The
reason for the reduced test pressure is that the inboard MSIV is tested with pressure acting in the
reverse direction to that encountered in a LOCA situation. The MSIV is designed such that it is held
closed by a combination of the spring force, air cylinder closing force, and upstream line pressure.
During the leakage rate test there is no upstream pressure. Any downstream pressure greater than
25 psig would tend to lift the MSIV disk off the seat, giving an inaccurate leakage rate measurement.
Refer to Section 6.2.4.2.2 for a description of the MSIVs.

Test taps are located between the MSIVs to permit leakage testing while the reactor is in a cold
shutdown condition by pressurizing the enclosed space between the valves.

The sum of the leakage rates determined from the individual tests of those isolation valves in lines
open to the free space of the containment is added to the total leakage rate of the penetrations and
access openings alone.

Isolation valves in lines which form a closed loop, either within the containment vessels or outside
the containment, were not required to be separately leak tested, but their performance was carefully
observed during initial system acceptance tests. At each major refueling, these systems are operated
at normal operating pressure and their leakage observed.
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6.2.7 Augmented Primary Containment Vent System

The purpose of the augmented primary containment vent system (APCVS) is to vent the primary
containment only as directed by the Dresden Emergency Operating Procedures (DEOPs).

The APCVS is designed to prevent containment pressure from exceeding the Primary Containment
Pressure Limit (PCPL), as defined in the DEOPs, in the highly unlikely event of a transient
requiring reactor shutdown followed by a complete and sustained failure of decay heat removal
capability. This scenario has been labeled the TW sequence in the station probabilistic risk
assessment (PRA). The APCVS provides a direct vent path from the pressure suppression chamber
or from the pressure suppression chamber and the drywell to the chimney. This containment
emergency vent path will prevent a containment breach with the subsequent uncontrolled
radioactivity release.

The APCVS may also be utilitized for venting primary containment, as directed by the DEOPs, for
combustible gas control. Use of the APCVS for combustible gas control is authorized only after the
primary containment hydrogen and oxygen concentrations have exceeded the deflagration limits as
defined in the DEOPs. The APCVS is utilized to reduce the primary containment pressure below the
operational pressure limit of the SBGT system. The APCVS could also be utilized to rapidly vent
and purge the primary containment with air, but only if nitrogen makeup and NCAD are unable to
reduce the concentration of one or both of the explosive constituents, either hydrogen or oxygen,
below the respective deflagration limits.
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6.2.7.1 Design Basis

The APCVS is designed to prevent containment pressure from exceeding the PCPL. The system is
nonsafety-related but seismically supported.

The design assumes a maximum pressure of 62 psig, measured at the bottom of the pressure
suppression chamber coincident with a maximum water level in the pressure suppression chamber.

The vent is sized such that, under conditions of constant heat input at a rate equal to 1% of rated
thermal power and containment pressure equal to the PCPL, the exhaust flow through the vent
(78,910 Ib/hr) is sufficient to prevent the containment pressure from increasing. This vent is capable
of operating up to the PCPL.

The APCVS piping, also referred to as the hardened vent path, is capable of withstanding, without

loss of functional capability, expected venting conditions associated with the TW sequence. The
design is such that the APCVS will not create a combustible gas mixture through introduction of air.
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6.2.7.2 System Description

The APCVS is comprised of piping, round duct, square duct, air-operated valves, and the associated
electrical components for operation and indication. The air-operated valves each have an
accumulator for storage of compressed air in the event of a loss of instrument air. The system piping
is shown in Figures 6.2-59 and 6.2-60.

The piping interfaces with the suppression chamber main exhaust and the drywell main exhaust
lines. It is routed through the reactor building into the turbine building via an 18-inch diameter
vent and purge duct. The APCVS vent valve, AO-1601-92, is located in a 10-inch diameter branch
line connected upstream of the vent and purge system prefilters. This 10-inch line is routed below
the turbine building roof above the Unit 3 turbine, passes through the turbine building wall below
the radwaste building roof, is routed under the radwaste building roof, penetrates the exterior wall,
and ties into the radwaste ventilation exhaust duct which flows to the chimney. A description of
normal containment venting is included in Section 6.2.1.2.7. Refer to Section 6.2.5.3.1 for a
description of the vent, purge, and inerting system.

The APCVS controls are located in the main control room. The APCVS mode switch, three keylock
containment isolation valve (CIV) override switches, and valve control switches are located on the

902(3)-3 panel. Annunciation for the APCVS mode switch position and CIV override is also on the
902(3)-3 panel.

Initiation of the APCVS requires multiple, deliberate operator actions. The APCVS mode switch is a
two-position switch which is administratively controlled. In the APCV position this switch's only
active function is to close valves AO-1601-91 and AO-1601-63 (if they are not already in the closed
position). These valves isolate the vent and purge system prefilters and standby gas treatment
system. The APCVS mode switch also provides a permissive for valve AO-1601-92 to be opened and
a permissive to override the Group 2 primary containment isolation signal for valves AO-1601-60, -
23, and -24 in conjunction with their respective keylock switches. The primary containment isolation
logic system is discussed in Section 7.3.2. A description of the primary containment isolation valves
is included in Section 6.2.4.
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6.2.7.3 Safety Evaluation

Operation of the APCVS will be required as directed by the DEOPs only in the event of a TW
sequence or other event such that primary containment pressure might exceed the PCPL or for
combustible gas control. These postulated events are beyond the design basis of the plant.

The APCVS has no active functions during normal plant operation or design basis events. The only
required function under normal operating conditions is that the valves, except for the normally open
18-inch vent and purge prefilter isolation valve, remain in their closed position to allow reactor
building ventilation operation and provide chimney isolation.

The APCVS was installed in response to Generic Letter 89-16. Although not a part of the
commitment, the APCVS also provides the capability to vent the drywell if conditions such as high
suppression chamber water level prevent suppression chamber venting. To take advantage of the
scrubbing effect of the suppression pool, the selected vent path will normally be from the pressure
suppression chamber only.

Existing radiation monitoring capability in the chimney will alert control room operators of
radioactivity release during venting.

Because Dresden is a dual unit station, the Unit 2 and Unit 3 APCVSs are crosstied, and a common
line directs the effluent of both units to the chimney. It is not postulated that simultaneous TW
sequences and/or LOCAs in both units would require simultaneous venting of both units. Although
extremely unlikely, simultaneous venting of both units is precluded administratively, through
procedures and communication between units. Venting from one unit does not compromise the
safety of the other unit. System design precludes backflow from the venting unit to the other unit.

Subsequent venting sequences are controlled by closing and opening the APCVS vent valve until
decay heat removal capability is reestablished or until it is assured that primary containment
pressure will not exceed PCPL. In the event that both units were to require venting at the same
time, both units could be vented by alternating the vent path from one unit to the second unit and
back again as necessary.
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Personal Communication RCS-1-71, R.C. Schmitt (Idaho Nuclear) to G.E. Wade (GE),
Anemometer Test Results in CVTR, January 8, 1971.

Roberts, A, et al., "Methane Layering in Mine Airways," Colliery Guardian, October 25,
1962, pp. 535-541.

6.2-103



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

DRESDEN - UFSAR Rev. 9
June 2011
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Deleted.
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Deleted.
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“Safety Analysis Report for Dresden 2 & 3 Extended Power Uprate” NEDC-32962P,
December 2000.

NEDO-30832, “Elimination of Limit on Local Suppression Pool Temperature for SRV
Discharge with Quenchers,” Class I, December 1984.

OPTIMAZ2-TR027DR-CNTMT LOAD, “Dresden Units 2 &3 Containment Loads Analysis for
SVEA-96 Optima2 Fuel” August 2006.

OPTIMAZ2-TR021DR-LOCA, Revision 5, “Dresden 2 & 3 LOCA Analysis for SVEA-96
Optima2 Fuel”, October 2009.

6.2-104a



DRESDEN — UFSAR

Table 6.2-1

Rev. 8
June 2009

PRINCIPAL DESIGN PARAMETERS OF PRIMARY CONTAINMENT

General

Metal material
Unit 2
Unit 3

Design code

Drywell

Cylindrical section — diameter
Spherical section — diameter
Drywell height
Free air volume
Wall plate thickness

Spherical shell

Spherical shell to cylindrical neck

Cylindrical neck
Top head

Vent System

Vent pipes
Number
Internal diameter
Flow area, total
Vent header internal diameter
Downcomer pipes

Number

SA212 GR B to A300
SA516, Grade 70
ASME Section III, Subsection B

37 ft

66 ft

111 ft, 11 in.
158,236 ft3

Varies 13/16 to 1%/16 in.
21/2 in.

Varies 3/4 to 11/2 in.
1Y/4 in. and 1-7/16 in.

8

6 ft, 9 in.
286 ft2

4 ft, 10 in.

96
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Table 6.2-1 (Continued)

Rev. 5
January 2003

PRINCIPAL DESIGN PARAMETERS OF PRIMARY CONTAINMENT

Internal diameter
Submergence below suppression

Pool water level

Pressure Suppression Chamber

Water volume
Free air volume
Chamber inner diameter

Torus major diameter

Suppression Chamber to Drywell Vacuum Breakers

Number valves
Vent area, total

Actuation setpoint

Reactor Building to Suppression Chamber Vacuum Breaker

Number valves

Vent area, total

Actuation setpoint

2 ft, 0 in.

max 4 ft.
min 3.67 ft.

116,300 to 119,800 ft3
112,800 to 116,300 ft3
30 ft

109 ft

12
2715 in?

0.5 psi for full open

2

2.02 ft2 (Unit 2), 1.87 ft2 (Unit
3)

-0.5 psi for full open
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Table 6.2-1 (Continued)

PRINCIPAL DESIGN PARAMETERS OF PRIMARY CONTAINMENT

Design Conditions

Design internal pressure and temperature (1) 62 psig at 281°F
Design external pressure and temperature (1)
Drywell 2 psig at 281°F
Suppression chamber 1 psig at 281°F

Normal internal pressure and temperature

Drywell 1 psig at up to 150°F
Suppression chamber 0 psig
Mark I loadings Hydrodynamic loads which result from the

dynamic effects of drywell air and steam being

rapidly forced into the suppression chamber
during a postulated LOCA or safety-relief
valve operation associated with plant
transient conditions. See Section 6.2.1.3.4.

Note 1: The peak drywell (airspace) temperature is 291°F, which is above the drywell shell design
temperature of 281°F. However, the drywell airspace temperature peaks briefly as shown in
Figure 6.2-33. Because the drywell shell heatup is governed by heat transfer phenomena that
require sustained high temperatures in the drywell atmosphere, this brief peak in the drywell
airspace temperature results in a drywell shell temperature below 281¢F.

(Sheet 3 of 3)
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Table 6.2-2
MATERIALS USED TO FILL DRYWELL EXPANSION GAP

Polyurethane foam — This material is a polyester-base, flexible, polyurethane
foam manufactured to exacting controls from refined raw materials to
produce a quality foam suitable for use in areas of high radiation. Sheets
used conform to the following requirements:

Base specification: MIL-PPE-200F

Chemistry: Isocyanate foam formed by reaction of polyisocyanates

with polyester polyols

Density: 2 pef +0.10 pef

Thermal value: .26 K factor

Service temperature: 285°F maximum

Physical properties:

a. Tensile — 12 psi minimum

b. Elongation — 100%

c. Compressibility — 35% at 1.0 psi maximum

d. Compression set — 10% at 50% compressibility

7. Sheet size: 2 1/4 in. x 2 ft. x 8 ft. with tolerances as specified by MIL-C-
26861

8. Heat of combustion: 12,000 Btu/lb

9. Self-ignition temperature: 1000°F

10.  Ignition temperature: 500°F to 700°F

SOk 0o N

Adhesive cement for foam sheets — Polyurethane air-drying compound of
brushing consistency. Application of the cement was made to the drywell
shell over the entire contact area for each foam sheet at the thickness
recommended by the manufacturer.

Sealing tape for foam sheets — Epoxy-impregnated fiberglass tape of a width
not less than 3 inches. This tape was installed over all joints of cover panels
as the panels were placed, with the tape centered on the joints and with a lap
of not less than 1 inch at all ends of the tape.

Fibrous glass, epoxy premolded cover panels — These panels are made of
fibrous glass in chopped fiber form with fibers 3/4 to 1 inch in length with an
1sophtallic polyester resin as a binder. Properties of the mix are as follows:

(Sheet 1 of 2)
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Table 6.2-2 (continued)

MATERIALS USED TO FILL DRYWELL EXPANSION GAP

Flexural strength: 16,500 psi

Flexural modulus of elasticity: 5.8 x 105 psi

Tensile strength: 8,000 psi

Barcol hardness: 50

Thickness: 1/4-inch minimum and 3/8-inch maximum; these panels
were shop fabricated in sections using field-measured molds for each
of the cylinder, knuckle, and spherical portions of the drywell

Ouk oo -

Steel anchor fasteners — These were 4-1n. x 4-in. x 1/4-1n. steel plates with
1/2-inch diameter steel studs welded to face of plates. Studs were placed at
24-inch centers in both directions and the length of the studs was sufficient
to project 1 1/2 inches from the front face of the cover panels.
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Table 6.2-3

CONTAINMENT PRESSURE AND PEAK TORUS TEMPERATURE FOR VARIOUS COMBINATIONS
OF CONTAINMENT SPRAY AND CORE SPRAY PUMP OPERATION

Summary of Limiting Dresden Containment Analyses Results

CASE** Short Term Long Term Long Term
(<600 seconds) (>600 seconds) Suppression Pool
Containment Containment Heatup Case
Pressure Case for Pressure Case for DBA.LOCA
NPSH NPSH ( )
Heat Sinks yes yes yes
Suppression Pool Temperature at 600 sec (°F) 168 N/A N/A
(At 1nitiation of operator actions).
Suppression Chamber Airspace Pressure at 600 5.4 N/A N/A
sec (psig) (At initiation of operator actions).
Peak Long Term Suppression Pool Temperature N/A 196 202
(°F)
Pressure at time of Peak Suppression Pool N/A 7.2 21
Temperature (psig).
Peak Suppression Chamber Airspace Pressure N/A N/A 36.4
(psig)

** The limiting containment overpressure curve is a combination of the Short Term Case and the Long Term Case. The
Short Term Case was used from accident initiation until 600 seconds. The Long Term Case was used from 600 seconds
until termination of the accident scenario. A description of the containment analyses case specific assumptions are as
follows:
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Table 6.2-3 (continued)

Short Term (<600 seconds) Containment Pressure (for NPSH)

With ECCS initiation all LPCI pumps start vessel injection mode and inject directly into the drywell (no flow
to vessel) at a flow rate of 5100 gpm per pump during the first 10 minutes of this event. After receiving a
signal for CS initiation, the two CS pumps are injecting into the vessel at a flow rate of 6200 gpm per pump
for the first 10 minutes of the event.

Long Term (>600 seconds) Containment Pressure (for NPSH)

Above nominal pump flow rate for LPCI and core spray pumps for the first 10 minutes and nominal pump
flow rate after 10 minutes. Containment initial conditions to minimize containment pressure, drywell and
torus shell heat sinks modeled.

Long Term Suppression Pool Heatup (for DBA-LOCA)

Above nominal pump flow rate for LPCI and core spray pumps for the first 10 minutes and nominal pump
flow rate after 10 minutes. Containment initial conditions to maximize containment pressure, drywell and
torus shell heat sinks not modeled.
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Table 6.2-3a
KEY PARAMETERS FOR CONTAINMENT ANALYSIS

Short Term Long Term
(<600 seconds) (>600 seconds)
Containment Containment

Pressure Case for Pressure Case for

NPSH NPSH
Decay Heat Model ANS 5.1+2c ANS 5.1+2¢
Initial Suppression Pool Temperature (°F) 98 95
Feedwater Added yes yes
Pump Heat Added yes yes
Heat Exchanger K Value (BTU/sec-°F) N/A 281.7 (see note below)
Initial Drywell Pressure (psia) 15.70 15.70
Initial Suppression Chamber Pressure (psia) 14.70 14.70
Initial Drywell Temperature N/A 150
Initial Drywell Relative Humidity (%) N/A 100
Initial Suppression Chamber Relative Humidity N/A 100

(%0)

Rev. 8
June 2009

Long Term
Suppression Pool
Heatup Case for

DBA LOCA

ANS 5.1+2¢
98
yes
yes
262
16.2
14.70
150
100
100

Note: The CCSW flow rate may need to be throttled to less than 5,000 gpm at times of high suppression pool pressure to
maintain the required differential pressure with the LPCI system. A lower CCSW flow rate reduces the K-factor
and heat transfer rate. However, analyses confirm that the CCSW flow rate required to maintain the required
differential pressure is greater than the CCSW flow rate necessary to ensure that LPCI and CS pump NPSH is not
adversely affected and that the existing suppression pool heat-up case for the DBA LOCA remains bounding.
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Table 6.2-3b
HEAT EXCHANGER HEAT TRANSFER RATE

Heat Transfer Rate

Shell Side Flow Rate Tube Side Flow Rate K-Value (165°F Shell Side Temperature,
(LPCI Pump) (CCSW Pump) 95 °F Tube Side Temperature)
Case GPM GPM BTU/sec-°F Million BTU/hr
Long Term
Suppression 5000 5000 281.7 71.0

Pool Heatup

The heat exchanger parameters identified in this table reflect the new basis for system capability.
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Table 6.2-4

Rev. 4

Component Modification Description
Additional ring girder reinforcement
Torus Miter joint support saddles and saddle extension plates
Additional ring-girder-to-torus weld
Thermowells (for SPTMS)
Downcomer/vent header stiffeners
Vent Downcomer lateral bracing
System Downcomer longitudinal bracing
Vent header deflector
Vent line drain reinforcement
Torus-to-drywell vacuum breakers
Vacuum breaker header support
Catwalk midbay supports
Internal Catwalk lateral bracing
Structures Catwalk supports at ring girders
Conduit rerouted
Wetwell Spray header supports
Piping HPCI turbine pot drain support
Modificatons HPCI turbine exhaust line support
(Internal) ECCS suction strainer reinforcement
LPCI full-flow test line supports
Reinforced vent line penetration
Relief Valve Added T-quenchers
Discharge

Line Piping

Added T-quencher supports

Added RV line support

SRVDL vacuum breakers
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Table 6.2-4 (Continued)

MARK I CONTAINMENT PROGRAM INITIATED MODIFICATIONS

Component Modification Description
Torus-to-drywell Delta-P
System SRV logic
Modificatons SPTMS
ECCS suction header penetration and tee reinforcement
Torus ECCS suction header snubbers
Attached LPCI penetrations reinforcement
Piping HPCI turbine exhaust penetration reinforcement
(External) Small diameter piping modifications

Large diameter piping modifications

LPCI full-flow test line tee replacement
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Table 6.2-5

ASSUMED PLANT CONDITIONS AT INSTANT OF TRANSIENT LISTED

102% Licensed Power (MWt)

Initial Suppression Pool
Temperature (°F)

Downcomer Submergence (ft)

FOR THE PLANT UNIQUE LOAD DEFINITION

DBA Pipe Break DBA Pipe
(Operating Break IBA Pipe SBA Pipe
Delta-P) (Zero Delta-P) Break Break
2578 2578 2578 2578
82.5 82.5 95 95
4.0 4.0 4.0 4.0
Suppression Pool Airspace Volume (ft3)
Drywell 158236 158236 158236 158236
Wetwell 116645 116645 116645 116645
Suppression Pool Airspace Pressure (psig)
Drywell 1.25 0.75 Bounds Bounds
both both
operating operating
and zero and zero
Delta-P Delta-P
Wetwell 0.15 0.75 conditions conditions
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Table 6.2-6
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Table 6.2-7
CONTAINMENT COOLING EQUIPMENT SPECIFICATIONS
Containment Cooling Heat Exchangers

Number 2
dP — river water to containment water 7 psi (1 LPCI pump), 20 psi (2 LPCI pumps)

Primary (shell) design pressure 375 psi
Secondary (tube) design pressure 375 psi

Containment Cooling Heat Exchanger Capability

LPCI CCSW CCSW
LPCI Flow Temp. °F Flow Temp. °F  Heat Load
Basis (gal/min) Note 1 (gal/min) Note 2 (Btu/hr)

Heat exchanger design 10,700 165 7000 95 98.6 x 106
specification (original)

Heat exchanger design 5000 165 5000 95 71.0 x 106
specification (new)

Heat Exchanger Codes

Shell Side Carbon Steel A212, Grade B

Code ASME Section III (1965, Class C) Requirements per
manufacturer's specification sheet. Certificate of Shop
Inspection indicates construction per applicable code. Berlin
Chapman Specification Sheet specifies heat exchanger built to
ASME Section III.

Radiography Tested in accordance with GE Specification 21A5451,

requirements Section 4.0 which states testing per ASME Section III, Class C.
Manufacturer's data sheet specified joint efficiency of 100% and
radiography as complete.

(Sheet 1 of 2)



DRESDEN — UFSAR

Table 6.2-7 (continued)

CONTAINMENT COOLING EQUIPMENT SPECIFICATIONS

Containment Spray Headers
Drywell Spray Headers

Number
Size
No. of nozzles (each)
Type nozzle
Suppression Chamber Spray Header
Number
Size
No. of nozzles

Type

Notes:

2

8 in. schedule 160
160

Fog jet

1

4 in. schedule 40
12

Fog jet

1. Containment water design temperature.

2. River water design temperature.
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Table 6.2-8
REACTOR BUILDING AIR INLEAKAGE

Pressure Pressure Piping/Electrica Total
Wind on Windward  on Leeward Side Reactor Building  Siding Door 1Penetration Reactor Building
Speed  Side of Building of Building Pressure Leakage Leakage Leakage Leakage
(mph) (in.Hi,O)t (in.Hi,O)t (in.Hi,O) (ft3/min) (ft3/min) (ft3/min) (ft3/min)
0.0 0.0 -0.25 60 325 92 477
5 0.011 -0.006 -0.256 62 340 94 496
10 0.043 -0.024 -0.274 66 365 101 532
15 0.094 -0.052 -0.302 74 410 111 595
20 0.174 -0.096 -0.346 84 470 127 681
25 0.271 -0.150 -0.400 97 535 147 779
30 0.390 -0.217 -0.467 113 605 172 890
50 1.090 -0.600 -0.850 200 905 312 1417
100 4.340 -2.410 -2.660 575 1720 975 3270

Note:
1. Pressures are relative to barometric pressure in an undisturbed atmosphere.
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Table 6.2-9

PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES

Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal on PCIS [ PCIS Signal® Power Size [Time (sec)®| Reference

Number® Number Isolated Type® | Containment® | Status® Signal® Supply (in.) Drawings@?

X-101 9207A  [Drywell Sample AO Gate 0 0 GC Group 2™ AC Solenoid® 1 5 25 (356)

X-101 9207B  [Drywell Sample AO Gate o o GC Group 2™ AC Solenoid® 1 5 25 (356)

X-101 9208A  [Drywell Sample AO Gate 0 0 GC Group 2™ AC Solenoid® 1 5 25 (356)

X-101 9208B [Drywell Sample AO Gate 0 0 GC Group 2™ AC Solenoid® 1 5 25 (356)
X-105A 203-1A |Main Steam AO Globe I O GC Group 1 20 3-5 12-1 (345-1)

AC/DC
Solenoid/Air Pilot
Spring Closed ®
X-105A 203-2A  |Main Steam AO Globe (0] (0] GC Group 1 20 3-5 12-2 (345-2)
X-105B 203-1B |Main Steam AO Globe I (0] GC Group 1 20 3-5 12-1 (345-1)
X-105B 203-2B  |Main Steam AO Globe (0] (0] GC Group 1 20 3-5 12-2 (345-2)
X-105C 203-1C |Main Steam AO Globe I (0] GC Group 1 20 3-5 12-1 (345-1)
X-105C 203-2C |Main Steam AO Globe (0] (0] GC Group 1 20 3-5 12-2 (345-2)
X-105D 203-1D [Main Steam AO Globe I (0] GC Group 1 20 3-5 12-1 (345-1)
X-105D 203-2D [Main Steam AO Globe (0] (0] GC Group 1 20 3-5 12-2 (345-2)
X-106 220-1 [Main Steam Line Drains MO Globe I C SC Group 1 AC 2 45 12-1 (345-1)
EC8274
X-106 220-2  [Main Steam Line Drains MO Globe (0] C SC Group 1 DC 2 45 12-2 (345-2)
EC8275
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Relative Actuation Line | Isolation
Penetration Valve Line Valve [to Containment®| Normal on PCIS | PCIS Signal® Power Size [Time (sec)®| Reference
Number® Number Isolated Type® Status® Signal® Supply (in.) Drawings(b
X-107A (B) 220-58A |Feedwater Check I (¢} N/A N/A Self 18 N/A 14 (347)
X-107A (B) 220-62A |Feedwater Check 0 0 N/A N/A Self 18 N/A 14 (347)
X-107B (A) 220-58B [Feedwater Check 1 (6] N/A N/A Self 18 N/A 14 (347)
X-107B (A) 220-62B |Feedwater Check (¢} (¢} N/A N/A Self 18 N/A 14 (347)
X-108A 1301-1 [Isolation Condenser Steam| MO Gate I (6] GC Group 5 AC 14 40 28 (359)
Supply
X-108A 1301-2 [Isolation Condenser Steam| MO Gate (0] (0] GC Group 5 DC 14 45 28 (359)
Supply
X-108A 1301-17 [Isolation Condenser Vent [AO Globe (6] (6] GC Group 1 AC Solenoid® 3/4 10 28 (359)
X-108A 1301-20 [Isolation Condenser Vent [AO Globe (6] (6] GC Group 1 AC Solenoid® 3/4 10 28 (359)
X-108B 0299-97B [RVWLIS Backfill Check 0 0 N/A N/A Self 3/8 N/A 26-3(357-3)
X-108B 0299-98B [RVWLIS Backfill Check (0} (0} N/A N/A Self 3/8 N/A 26-3(357-3)
X-108B 0299-99B [RVWLIS Backfill Check 0 0 N/A N/A Self 3/8 N/A 26-3(357-3)
X-108B 0299-100B [RVWLIS Backfill Check 0 0 N/A N/A Self 3/8 N/A 26-3(357-3)
X-109BA) 1301-3 |Isolation Condenser MO Gate (0] C SC Group 5 DC 12 45 28 (359)
Condensate Return
X-109B(A) 1301-4 |Isolation Condenser MO Gate I (0] GC Group 5 AC 12 40 28 (359)

Condensate Return
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal | on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® [ Containment® | Status® | Signal® Signal® Supply (in.) (sec)®  |Drawings@b
X-111A 1001-1A Shutdown Cooling Supply MO Gate I C SC Group 3 AC 16 40 32 (363)
X-111A/B 1001-2A Shutdown Cooling Supply MO Gate O C SC Group 3 DC 14 40 32 (363)
X-111B 1001-1B Shutdown Cooling Supply MO Gate I C SC Group 3 AC 16 40 32 (363)
X-111A/B 1001-2B Shutdown Cooling Supply MO Gate (0] C SC Group 3 DC 14 40 32 (363)
X-111A/B 1001-2C Shutdown Cooling Supply MO Gate O C SC Group 3 DC 14 40 32 (363)
X-113 1201-1 Cleanup System Supply MO Gate I (6] GC Group 3 AC 8 40 30 (361)
X-113 1201-1A Cleanup System Supply MO Globe I C SC Group 3 AC 40 30 (361)
(13)
X-113 1201-2 Cleanup System Supply MO Gate (0] (6] GC Group 3 DC 40 30 (361)
X-113 1201-3 Cleanup System Supply MO Gate O C SC Group 3 DC 40 30 (361)
X-115A 2301-4 HPCI Steam Supply MO I 0 GC Group 4 AC 10 50 51(374)
(128) Gate
X-115A 2301-5 HPCI Steam Supply MO (6] (0] GC Group 4 DC 10 63 51(374)
(128) Gate
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment, Location Actuation Line| Isolation
Penetration Valve Line Valve Relative to Normal on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® Containment | Status® Signal® Signal®© Supply (in)| (sec)® Drawings(b
3)
X-116A 1001-5A Shutdown Cooling Return MO Gate (0] C SC Group 3 AC 14 50 32 (363)
X-116A 1501-22A  [LPCI Core Flooding MO Gate (0] C N/A RM AC 16 N/A 29-1 (360-1)
X-116A 1501-25A LPCI Core Flooding AO Check 1 C N/A N/A AC, Self 16 N/A 29-1 (360-1)
X-116B 1001-5B Shutdown Cooling Return MO Gate (0] C SC Group 3 AC 14 50 32 (363)
X-116B 1501-22B  [LPCI Core Flooding MO Gate (0] C N/A RM AC 16 N/A 29-1 (360-1)
X-116B 1501-25B LPCI Core Flooding AO Check 1 C N/A N/A AC, Self 16 N/A 29-1 (360-1)
X-117 2001-105 [DW Floor Drain Sump Discharge |AO Diaphragm (0] C SC Group 2 |AC Solenoid® 20 39 (369)
X-117 2001-106 DW Floor Drain Sump Discharge |AO Diaphragm 0] C SC Group 2 | AC Solenoid® 20 39 (369)
X-118 2001-5 DW Equipment Drain Sump AO Diaphragm (0] C SC Group 2 |AC Solenoid® | 3 20 39 (369)
Discharge
X-118 2001-6 DW Equipment Drain Sump AO Diaphragm 0] C SC Group 2 |AC Solenoid®| 3 20 39 (369)
Discharge
X-119 4327-500 [Demineralized Water Supply Hand Gate (0] LC N/A N/A Hand 3 N/A 35-1 (366)
X-119 4327-502 Demineralized Water Supply Hand Globe 1 LC N/A N/A Hand 3 N/A 35-1 (366)
X-119 1916-500 [Demineralized Water Supply Hand Globe I LC N/A N/A Hand 2 N/A 31 (362)
X-119 RV-4399-91515 |Demineralized Water Supply Relief I C N/A N/A Self 1 N/A 35-1 (366)
X-120 4640-500 Service Air Supply Hand Globe (0] LC N/A N/A Hand 1 N/A 38 (368)
X-120 Various Service Air Supply Hand Gate, I C N/A N/A Hand 1 N/A 38 (368)
Plug
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Containment Location Actuation Line | Maximum
Penetration Valve Line Valve Relative to Normal on PCIS | PCIS Signal® Power Size | Isolation | Reference
Number® Number Isolated Type® Containment | Status® | Signal® Supply (in.) | Time (sec)® Drawings(D
3)
X-121 4722 Instrument Air Supply | AO Globe (6] 0 N/A RM AC Solenoid | 2 N/A 37-2 (367-2)
X-121 4724 Instrument Air Supply | AO Globe (6] O N/A RM AC Solenoid | 2 N/A 37-2(367-2)
X-121 4799-530 [nstrument Air Supply Check O O N/A N/A Self 2 N/A 37-2 (367-2)
X-121 4799-531 Instrument Air Supply Check (6] O N/A N/A Self 2 N/A 37-2(367-2)
X-121 4799-1775 Instrument Air Supply | Hand Globe (0] LC N/A N/A Hand 1/2 N/A 37-2(367-2)
X-121 4799-1776 [nstrument Air Supply | Hand Globe O LC N/A N/A Hand 1/2 N/A 37-2(367-2)
X-122 220-44 Rx Water Sample AO Globe I O GC Group 1M AC Solenoid | 3/4 26-2 (357-2)
X-122 220-45 Rx Water Sample AO Globe 0 0 GC Group 1™ AC Solenoid | 3/4 26-2 (357-2)
X-123 3702 [RBCCW Supply MO Gate O O N/A RM AC 60049 20 (353)
X-123 3769-500 [RBCCW Supply Check I (0] N/A N/A Self Standard 20 (353)
X-124 3703 RBCCW Return MO Gate (0] (0] N/A RM AC 6019 20 (353)
X-124 3706 RBCCW Return MO Gate I (0] N/A RM AC 6 6019 20 (353)
X-124 RV-3799-27705 [RBCCW Return Relief I C N/A N/A Self N/A (353)
X-125 1601-23 [DW Vent AO Butterfly (0] C SC Group 2 AC Solenoid®| 18 10 25 (356)
X-125/318A 1601-24 IDW and Torus Vent AO Butterfly (0] C SC Group 2 AC Solenoid®| 18 10 25 (356)
X-125 1601-62 [DW Vent Relief AO Globe (6] C SC Group 2 AC Solenoid | 2 15 25 (356)
X-125/318A 1601-63 IDW and Torus Vent to |AO Butterfly (6] C SC Group 2 AC Solenoid®| 6 10 25 (356)
SBGT
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal | on PCIS PCIS Power Size [Time (sec)®| Reference
Number® Number Isolated Type® Containment® [ Status® [ Signal® | Signal® Supply (in.) Drawings@?
X-126 1601-21 |[DW Inert and Purge AO Butterfly C SC Group 2 | AC Solenoid® 18 10 25 (356)
X-126/304 1601-22 [DW and Torus Vent from Rx | AO Butterfly C SC Group 2 | AC Solenoid® 18 10 25 (356)
Building
X-126/304 1601-55 |DW and Torus Inerting AO Butterfly (6] (6] GC Group 2 | AC Solenoid® 4 15 25 (356)
X-304 1601-56 [Torus Inerting and Purge AO Butterfly (6] (6] GC Group 2 | AC Solenoid® 18 10 25 (356)
X-126/304 1601-57 |DW and Torus N2 Makeup MO Globe (6] (6] GC Group 2 AC 1 15 25 (356)
X-304 1601-58 [Torus Nitrogen Makeup AO Globe (6] C GC Group 2 | AC Solenoid 1 15 25 (356)
X-126 1601-59 |DW Nitrogen Makeup AO Globe (6] (6] GC Group 2 | AC Solenoid® 1 15 25 (356)
X-130 (138) 1101-15 [Standby Liquid Control Check I C N/A N/A Self 1% N/A 33 (364)
X-130 (138) 1101-16 |Standby Liquid Control Check 0 C N/A N/A Self 1% N/A 33 (364)
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal | on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® Containment® | Status® | Signal® | Signal® Supply (in.) (sec)® [ Drawings®D
X-136J (X-136C) | 0733A |TIP Ball Ball (0] C SC Group 2 AC Solenoid 1/2 5 37-2 (367-2)
X-136J (X-136C) | 0736-1 [TIP Shear Explosive O (6] N/A N/A DC 1/2 N/A 37-2 (367-2)
X-136F (X-136B) | 0733B [TIP Ball Ball (0] C SC Group 2 AC Solenoid 1/2 5 37-2 (367-2)
X-136F (X-136B) | 0736-2 [TIP Shear Explosive (0] 0 N/A N/A DC 1/2 N/A 37-2 (367-2)
X-136E (X-136D) | 0733C |[TIP Ball Ball (0] C SC Group 2 AC Solenoid 1/2 5 37-2 (367-2)
X-136E (X-136D)| 0736-3 [TIP Shear Explosive (0] (¢} N/A N/A DC 1/2 N/A 37-2 (367-2)
X-136H (X-136F)| 0733D |[TIP Ball Ball O C SC Group 2 AC Solenoid 1/2 5 37-2 (367-2)
X-136H (X-136F)| 0736-4 |TIP Shear Explosive O (6] N/A N/A DC 1/2 N/A 37-2 (367-2)
X-136G (X-136E)| 0733E |TTP Ball Ball (0] C SC Group 2 AC Solenoid 1/2 5 37-2 (367-2)
X-136G (X-136E)| 0736-5 [TIP Shear Explosive O (6] N/A N/A DC 1/2 N/A 37-2 (367-2)
X-136E (X-136F) | 4799-514 [TIP Nitrogen Purge Check (0] C N/A N/A Self 1/2 N/A 37-2 (367-2)
X-139B (139C) | 399-506 |CRD to Reactor Recirculation Hand Gate O LC N/A N/A Hand 1 N/A 34-1 (365-1) |
Loop
X-139B (139C) | 399-587 |CRD to Reactor Recirculation Hand Gate O LC N/A N/A Hand 1 N/A 34-1 (365-1) |
Loop
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® |Containment®| Status® Signal® Signal® Supply (in.) (sec)® Drawingsb
X-143 (X-144) 9205A Drywell Air Sample AO Globe (6] (0] GC Group 2™ | AC Solenoid® | 1/2 5 25 (356)
X-143 (X-144) 9205B Drywell Air Sample AO Globe (0} 0] GC Group 2™ | AC Solenoid® | 1/2 5 25 (356)
X-143 (X-144) 9206A Drywell Air Sample AO Globe (6] (0] GC Group 2™ | AC Solenoid® | 1/2 5 25 (356)
X-143 (X-144) 9206B Drywell Air Sample AO Globe (6] (0] GC Group 2™ | AC Solenoid® | 1/2 5 25 (356)
X-143 (X-144) |18507-500, 502-521|Drywell Manifold Hand Globe (6] C N/A N/A Hand 1/2 N/A 178 (421)
(8507-501-521) [Samples
X-143 (X-144) 8501-5A Drywell Air Sample AO Globe (6] (0] GC Group 2 | AC Solenoid® | 1/2 5 25 (356)
X-143 (X-144) 8501-5B Drywell Air Sample AO Globe (0} 0] GC Group 2™ | AC Solenoid® | 1/2 5 25 (356)
X-143 (X-144) 18599-629, 631-650|Drywell Manifold Hand Globe (6] C N/A N/A Hand 1/2 N/A 178 (421)
(8599-630-650) [Samples
X-145 (150A) 1501-27B Containment Spray MO Gate (6] C N/A RM AC 10 N/A 29-1 (360-1)
X-145 (150A) 1501-28B Containment Spray MO Gate (0] C N/A RM AC 10 N/A 29-1 (360-1)

(Sheet 8 of 15)



DRESDEN - UFSAR Rev. 7
June 2007
Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® Containment® | Status® Signal® Signal® Supply (in.) (sec)® Drawingsb
X-147 3-205-24 [Reactor Head Cooling | MO Gate (6] C SC Group 2 AC 22 60 357-1
X-147 2-205-24 [Reactor Head Cooling [ MO Gate (6] C SC Group 2 AC 22 60 26-1
X-147 205-27 [Reactor Head Cooling Check I C N/A N/A Self 22 N/A 26-1 (357-1)
X-149A (B) 1402-25A |[Core Spray to Reactor | MO Gate (6] C N/A RM AC 10 N/A 27 (358)
X-149B (A) 1402-25B [Core Spray to Reactor [ MO Gate (6] C N/A RM AC 10 N/A 27 (358)
X-149A (B) 1402-24A |Core Spray to Reactor | MO Gate (6] O N/A RM AC 10 N/A 27 (358)
X-149B (A) 1402-24B [Core Spray to Reactor | MO Gate (6] O N/A RM AC 10 N/A 27 (358)
X-150A (145) 1501-27A |Containment Spray MO Gate (6] C N/A RM AC 10 N/A 29-1 (360-1)
X-150A (145) 1501-28A [Containment Spray MO Gate (0] C N/A RM AC 10 N/A 29-1 (360-1)
X-202V (146) 2499-1A |DW H2/O2 Monitor Solenoid (6] C N/A RM AC Solenoid 1/2 N/A 706-1 (706-2)
X-202V (146) 2499-2A |DW Hs/O2 Monitor Solenoid (¢} C N/A RM AC Solenoid 1/2 N/A 706-1 (706-2)
X-202V (146) 2499-28A |Containment H2/O2 Check 0 C N/A N/A Self 1/2 N/A 706-1 (706-2)

[Monitor Return
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line | Isolation
Penetration Valve Line Valve Relative to Normal on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® Containment® | Status® | Signal® | Signal® Supply (in.) (sec)® [ DrawingsD
X-204A (X-115) 8501-3A  [DW Air Sample Return | AO Globe 0 0 GC Group 2| AC Solenoid® 1 5 25 (356)
X-204A (X-115) 8501-3B  [DW Air Sample Return | AO Globe 0] 0] GC Group 2| AC Solenoid® 1 5 25 (356)
X-204B (127) 2499-1B  [DW Hg/O2 Monitor Solenoid (0] C N/A RM AC Solenoid 1/2 N/A 706-1 (706-2)
X-204B (127) 2499-2B  [DW Hg/O2 Monitor Solenoid (0] C N/A RM AC Solenoid 1/2 N/A 706-1 (706-2)
X-204B (127) 2499-28B  [Containment Ha/O2 Check (0] C N/A N/A Self 1/2 N/A 706-1 (706-2)
Monitor Return
X-209 0299-97A  [RVWLIS Backfill Check 0] C N/A N/A Self 3/8 N/A 26-3(357-3)
X-209 0299-98A  [RVWLIS Backfill Check (0] C N/A N/A Self 3/8 N/A 26-3(357-3)
X-209 0299-99A [RVWLIS Backfill Check 0] C N/A N/A Self 3/8 N/A 26-3(357-3)
X-209 0299-100A [RVWLIS Backfill Check 0] C N/A N/A Self 3/8 N/A 26-3(357-3)
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Table 6.2-9 (Continued)
PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES
Maximum
Containment Location Actuation Line Isolation
Penetration Valve Line Valve Relative to Normal on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® Containment® | Status® Signal® Signal® Supply (in.) (sec)® Drawings@?
X-303A-D 1501-5A  |LPCI Suction Pump A MO Gate 0 0 N/A RM AC 14 N/A 29-1 (360-1)
X-303A-D 1501-5B  |LPCI Suction Pump B MO Gate O O N/A RM AC 14 N/A 29-1 (360-1)
X-303A-D 1501-5C |LPCI Suction Pump C MO Gate 0 0 N/A RM AC 14 N/A 29-1 (360-1)
X-303A-D 1501-5D [LPCI Suction Pump D MO Gate 0] 0] N/A RM AC 14 N/A 29-1 (360-1)
X-303A-D 1599-13A |LPCI Suction Relief Relief 0 C N/A N/A Self 2 N/A 29-1 (360-1)
(1501-134)
X-303A-D 1599-13B |LPCI Suction Relief Relief O C N/A N/A Self 2 N/A 29-1 (360-1)
(1501-13B)
X-303A-D 1599-13C |LPCI Suction Relief Relief O C N/A N/A Self 2 N/A 29-1 (360-1)
(1501-13C)
X-303A-D 1599-13D |LPCI Suction Relief Relief 0 C N/A N/A Self 2 N/A 29-1 (360-1)
(1501-13D)
X-303A-D 1402-3A  |Core Spray Pump Suction | MO Gate O O N/A RM AC 16 N/A 27 (358)
X-303A-D 1402-3B  [Core Spray Pump Suction | MO Gate (0] (0] N/A RM AC 16 N/A 27 (358)
X-303A-D 2301-35 [HPCI Pump Suction from MO Gate (0] C SC Group 4 DC 16 97 51 (374)
Torus
X-303A-D 2301-36 [HPCI Pump Suction from MO Gate (0] C SC Group 4 DC 16 97 51 (374)

Torus
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Table 6.2-9 (Continued)

PRINCIPAL PENETRATIONS OF PRIMARY CONTAINMENT AND ASSOCIATED ISOLATION VALVES

Maximum
Containment Location Relative Actuation Line | Isolation
Penetration Valve Line Valve [to Containment®| Normal | on PCIS PCIS Power Size Time Reference
Number® Number Isolated Type® Status® | Signal® | Signal®©® Supply (in.) (sec)® Drawings@b
X-303A-D 1599-61 [Torus to Condenser Drain AO Gate (0] C SC Group 2 | AC Solenoid 3 10 29-1 (360-1)
X-303A-D 1599-62 [Torus to Condenser Drain AO Gate (0] C SC Group 2 | AC Solenoid 3 10 29-1 (360-1)
X-304 1601-20A [Torus Vacuum Relief AO (0] C N/A RM AC 20 5 25 (356)
Butterfly Solenoid0
X-304 1601-20B [Torus Vacuum Relief AO (0] C N/A RM AC 20 5 25 (356)
Butterfly Solenoid0
X-304 1601-31A [Torus Vacuum Relief Check (0] C N/A N/A Self 20 N/A 25 (356)
X-304 1601-31B [Torus Vacuum Relief Check 0 C N/A N/A Self 20 N/A 25 (356)
X-309A 8501-1A [Torus Air Sample AO Globe 0] (0] GC Group 2™ |AC Solenoid®| % 5 25 (356)
X-309A 8501-1B [Torus Air Sample AO Globe 0 (6] GC Group 2™ |AC Solenoid®| % 5 25 (356)
X-310A 1402-4A |Core Spray Test Return MO Globe (0] C N/A RM 