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ENCLOSURE

WATTS BAR NUCLEAR PLANT UNITS 1 AND 2
BUCKLING DESIGN OF THE STEEL

CONTAINMENT VESSELS

After reviewing International Structural Engineers' final report,
"Evaluation of the Buckling Stress Criteria for the Steel Containment
of the Watts Bar Nuclear Reactor," dated June 30, 1981, we can agree
only on the first conclusion. "The applicant's analysis and design
methods appear to be in accordance with prevailing industry
practices." The design methods for buckling and general shell stress,
including the area around the penetrations, was and still is state-of-
the-art until new industry-accepted standards can be established.

The containment vessels were designed for loss-of-coolant-accident
(LOCA) using an axisymmetric shell-of-revolution model with the ring
stiffeners modeled discretely. The asymmetric effects of the LOCA
pressure were handled by applying a fourier representation. The
Timorkenko shear beam was used in the dynamic seismic analysis which
is a realistic analogy for the response of a shell of revolution to
seismic ground motion. Independent analysis checks were performed by
Anamet Laboratories and TVA to verify the accuracy of the Chicago
Bridge and Iron Company (CBI) analysis.

For the attached equipment, a decoupled dynamic modal analysis was
performed using the floor response spectra at the elevation and
azimuth of the locks and hatch. In effect, these components are
treated as a supported subsystem and evaluated using a separate
dynamic model. These analyses included the effect of local stiffening
around the penetrations. This general approach is widely accepted and
used in dynamic analyses for Category I structures at nuclear plants.

In the conclusions the authors eluded to "more accurate analysis" in
reference to a coupled analysis of the two locks, equipment hatch, and
the steel containment. However, we must take issue with this approach
from a practical and an accuracy standpoint. In order to assess the
state of stress for a coupled dynamic analysis using a 3-D model, the
stiffening would have to be modeled discretely. This would require
more than a thousand elements and thousands of degrees of freedom.
The next problem would be finding a computer with enough capacity to
run the analysis. We realize that condensation techniques exist which
can reduce our problem size. However, if we use these techniques, we
introduce judgments and further inaccuracies in our solution. The net
result is a solution clouded by some of the same inaccuracies we
attempted to remove by going to a very sophisticated analysis. An
extremely good discussion of this topic is contained in a letter from
R. L. Citerly, Anamet Laboratories to Abdul Hafiz, NRC, dated July 5, 1979.
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The design for external pressure is based on the long-standing
requirements of the American Society of Mechanical Engineers' (ASME)
code, section III, which include a safety factor of 4. The vessels
were analyzed for the dominant loss-of-coolant-accident loads using a
two-dimensional finite element, dynamic analysis. The design for
shell buckling was based on a buckling stress criteria developed from
tests, empirical data, and industry practice. The ASME Code now has
incorporated similar critria in the 1981 code in a nonmandatory
appendix. The vessels, penetration, and attachments were designed in
accordance with the 1971 ASME Boiler and Pressure Vessel Code.

Because of the presence of the massive ring stiffener, the containment
would tend to buckle between the stiffeners in lieu of a general
instability-type failure. In the area of the locks and hatch, the
containment shell is heavily reinforced with 1-3/8-inch by 22-inch
stiffeners, "T" and box beams, designed by CBI for the most severe
load combination. This stiffening acts to restrict the dynamic modes
which can trigger local buckling.

In summary, the Watts Bar containment vessels are judged to be very
conservatively designed, and our responses to the individual concerns
in the appendices of the report attest to this.

Establishing the true margin of safety in buckling design of these
shell structures is a generic industry problem presently being studied
by both the nuclear industry and the NRC (for example, the Los Alamos
tests funded by the NRC). As results from these studies become
available, TVA will assess their effect on the design of the Watts Bar
steel containment vessel to assure that the containment vessels meet
their required function and that the health and safety of the public
is protected.


