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This Technical Evaluation Report was prepared by Franklin Research Center

under a contract with the U.S. Nuclear Regulatory Comnission (Office of

Nuclear Reactor Regulation, Division of Operating Reactors) for technical
assistance in support of N ) ting reactor licensing actions. The
technical evaluation was condu n accordance with criteria established by

the NRC.
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INTRODUCTION

In a latter state of the generic r 11 h ) ion pool
dynamic load definition of the Mark I Containment Long-Term Program, a
potential failure mode of the vacuum breakers was identified during the
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Franklin Research Center (FRC) has been retained by th C to evaluate
the acceptability of the structural analysis techniques and design criteria
used in the plant-unique analysis (PUA) reports of 16 plants. As a part of
this review, the structural analysis of the vacuum breakers has been review

and documented

The first pa this C 1€ 1S 1 eneri
information that is appl ) ‘ ( ts. The second part of
report (Sections 5 and 6 vides ) » which pertains

the Duane Arnold plant.
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Section 3. FRC unctic S o review the stress analysis
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VACUUM BREAKER FUNCT
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Figure 4. Atwood-Morrill Vacuum Breaker
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Figure 5. Typical DW/WW Vacuum Breaker
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2. EVALUATION CRITERIA

To evaluate the design of the vacuum breakers, the affected licensees
follow the general requirements of NUREG-0661 [1] and those of "Mark I
Containment Program Structural Acceptance Criteria Plant Unique Analysis
Application Guide" [3). Specifically, the requirements of the ASME Boiler and
Pressure Vessel Code, Section III, Subsection NC for Class 2 Components, 1977
Edition, including the summer 1977 addenda [4], have been used to evaluate the

structural integrity of the vacuum breakers.
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4. STRESS EVALUATION

To determine structural integrity of the vacuum breaker, the licensees
have employed standard analytical techniques, including the finite element
method, to calculate stresses of critical components of the vacuum breaker
under various design loadings. Loads resulting from the hydrodynamic

phenomenon were compared with those values specified in the ASME Codes [4].

For illustration purposes, a schematic drawing of the moving parts of all
components other than the actual disc of the Atwood-Morrill valve and of the
corresponding finite element model are shown in Figures 6 and 7, respectively.
The model in Figure 7 was used to investigate the dynamic response following

impact.

A typical model for stress analysis of the vacuum breaker disc is shown
in Figure 8. Loading inputs to this model are the displacement time histories

that were obtained from the impact model analysis.

«1}e
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REVIEW: DUANE ARNOLD

BACKGROUND
Vacuum breaker type: 1 E (internal)

Vacuum breakers extend 3 ft, 4 1/2 in from mounting flanges which are
attached to 1 ft, 6 in diameter, l-inch-thick nozzles.

Nozzles penetrate vent header at e2ight vent line/vent header
intersections.

STRESS ANALYSIS RESULTS

Vacuum breakers were analyzed
computer program., Stress levels
various pallet impact
vent system was evaluated to
plant. The design impact

Because str
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Replacement of the W/D
Gr 630 (age hardened at

Replacement of the W/D vacuum
|

630 (age hardened at 1100°F)

Replacement of the W/D vacuum hinge n studs (SA-320 B8 with SA-S
30 (age hardened at 1100°F)

materials have an allowable st
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A review has been conducted to 11 tructural

vacuum breakers of the Duane Arnold plant. The design loads associated with

the hydrodynamic phenomena have been reviewed and addressed by the NRC in

Reference 6 This review covered only the structural analysis of the wvacuum

breaker, and the following conclusion is drawn from the review:

The analytical methods used to evalu stresses of critical
components have been reviewed and M be adequate; however,
stress results indicate a potential for overstressing of critical
vacuum breaker components The Licensee has decided to modify the
vacuum breakers by upgrading the material of the pallet, hinge shaft,
hinge arm, and hinge n uc described in Section 5.2. This
modification approach has been 1 swed and found to be adegquate
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