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Abstract

A preliminary analysis of the sealing surface deformations of a large equipment hatch

with a pressure-seated gasket due to overpressurization was performed. An axisymmetric

finite element analysis of the penetration sleeve revealed that its surface can undergo large

rotations; values for sealing surface rotation of 7 deg. were computed. Estimates for the

order of magnitude of leakage due to tne sealing surface rotation were made.

1. Introduction

The Reactor Analysis and Safety Division (RAS) and the Components Technology Division

(CT) of Argonne National LaDoratory (AHL) are performing analytical/numerical simulations of

the response of selected large penetrations and closures, which use some type of seal or

gasketed joint, for containment vessels subject to pressure and thermal loads that are Deyond

the design basis (BDB). This work is part of the AHL Penetration Integrity Program (PIP)

which is being sponsored by the U.S. Nuclear Regulatory Commission and managed by the Sandia

national Laboratories (SNL).

During very unlikely but potentially severe accidents the containment vessel and their

penetrations may be subjected to pressure and temperature loadings that may be much larger

than the design values. Failure of the gasket seal between the cover of the equipment hatch

and the sleeve of the penetration due to excessive relative motions caused by overpressuriza-

tion of the vessel nay provide a leak path for containment atmosphere. This failure may be

caused by shearing action that results from tne relative sliding between the seal surfaces,

by the lack of surface contact caused by the relative rotation of the seal surfaces, or by

both, numerical simulations are needed to provide approximate answers to these questions.

Numerical studies of the response of steel containments to internal pressurization were

reported by Blejwas and Horschel [1] and Clauss [2] ; experimental results were reported oy

Von Riesemann and Blejwas [3 ] . The primary objective of the study reported in this paper was

to determine the sealing surface deformations of a particular containment penetration, known

as the equipment hatch, under severe accident conditions.

An examination of the geometry of a large penetration clearly indicates that i t is a

three-dimensional structure and would require a three-dimensional analysis. However, three-

dimensional studies are more expensive than two-dimensional studies and are usually not per-

formed during a f i rs t look at a problem. Instead, an approximate two-dimensional system is
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developed and analyzed in order to gain insight into the problem. However, i t oust be kept

in mind that the axisymmetric approximation of the containment will eliminate some of the

deformation nodes, in particular, the oval shape that the penetration will deform Into.

2. Beyond the Design Basis Loadings

Each containment type has a unique accident sequence that leads to overpressurization

and heating. The pressure and temperature loadings that were used in this analysis are shown

in Fig. 1 and were obtained from C. V. Subramanian [4] of Sandia National Laboratories

(S11L). I t should be noted that the pressure and temperature history curves do not represent

the history of a single accident scenario, but in fact, envelope several scenarios that pro-

duced the maximum containment pressures and temperatures. Also, the pressure was assumed to

be limited by the strength of the containment.

3. Equipment Hatch Details

The scope of AHL's work in the Penetration Integrity Program includes (1) the

identification and classification of major penetrations in PWR and BWR containments [Ref. 5 ] ,

and (2) the analysis of selected penetrations for structural failure or leakage [Ref. 6 ] .

However, since the identification task and this analysis task were concurrent, final details

were not available for use at the onset of this work. Because of the tine schedule, the

analysis had to be started, and thus a "best estimate" design for an equipment hatch was

used. The dimensions and layout of the best estimate design were obtained from limited

information that was available. In-house design judgment was used to estimate values for the

unknown dimensions.

Figure 2 is a generic schematic of an equipment hatch for a steel containment vessel.

The hatch consists of a penetration sleeve, a cover, a reinforcing ring/plate, and seals

(gaskets). The hatch cover was designed as a spherical cap (done) with a ring along i ts

edge. The sealing surface of the ring mates with the sealing surface of the inner sleeve;

the latter contains two silicon-rubber "gumdrop gaskets" located in separate grooves (Fig. 2)

to form a pressure seal. A reinforcing plate, which is thicker than the containment shell

wall , 1s welded between the sleeve and containment wall . The cover is held 1n position by

sixteen equally spaced 1-1/2 in . swing bolts that are fixed to the inner sleeve and cover

ring. Table I gives the dimensions of the best estimate design for an equipment hatch for a

steel containment vessel.

4. numerical Studies of Equipment Hatch Cover. Penetration Sleeve, and Sealing Surfaces

The structural response under hypothetical pressure loads of an equipment hatch

penetration has been analyzed with the STRAW finite-element structural analysis code [ 7 ] ,

The approach followed for this problem was to perform a decoupled analysis of the hatch cover

and the penetration sleeve, that i s , independent models were developed for the cover and tne

penetration sleeve. Because of space limitations, the analysis of the hatch cover will not

be presented.

To accurately determine the displacements of the sealing surface a model was constructed

that included the penetration sleeve, reinforcing plate, and a portion of the containment

vessel wall. Since this preliminary analysis of the penetration sleeve was treated as an
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axisynnetric problem, i t cannot exactly model the cyl indr ical containment vessel; this choice

forces the cyl indr ical containment vessel to De treated as a spherical containment vessel. A

sphere with a radius of 1350 i n , was used. The model for the penetration is shown in Fig.

3. The model was loaded incrementally unt i l the structure became unstable.

The deformed shape of the penetration sleeve is shown without magnifications in Fig. 4

at an internal containment pressure of 86 psig. I t is seen that the reinforcing r ing has

pulled tfte penetration sleeve into a crinped shape in the region of the penetration sleeve-

reinforcing r ing junct ion. This primarily causes the seal surface to undergo translat ional

and rotational displacements that can lead to leakage. The result ing seal surface rotational

displacement is shown in Fig. 5. The difference between the radial displacements of the

sealing surfaces of the cover ring dnd the penetration sleeve provide a shearing action to

the seals. The seal surface rotat ion tends to decrease the compression of the seal. The

effect of these deformations in the region of the gaskets is shown in Fig. 6. The undeforned

shape of the gumdrop type gasket has been superimposed to give a feel of gasket

compressibility or lack of compressibil i ty.

5. Leakage Analysis

At the time when this work was performed a l i te ra ture search revealed that there wasn't

any methodology or data available for estimating the leakage for thi s seal geometry and

mater ial . Chivers et a l . [8] reported on a study of leakage past 0-rings made from

fluorocarbon mater ia l . In order to gain insight into the leakage potential at the sealing

junct ion, the methodology of Chivers et a l . was used with some simplifying assumptions. One

must view this as an exercise to i l l us t ra te a potential method for calculating leakage and

not as quantitative calculations of leakage for the real hatch junct ion. Figure 7 (taken

from Ref. [8]) shows the leakage rate for 0-rings (OuPont EGOC polymer) for several surface

finishes as a function of actual seal compression. The flange surfaces for equipment hatches

are typical ly machined to a roughness of 125u i n . ; thus, curve A of Fig. 7 was assumed to be

most representative. Using the data from curve A and calculating the flange separation at

the gasket centerline from the flange rotations (Fig. 5), estimates for the order of

magnitude of the leakage, for several values of compression set, were made. The largest

value computed was less than 0.12 containment volume percent per day. When the f ina l

compression goes to zero, this leakage model is no longer appropriate. I f the seal would

extrude into the gap Between the flanges, which was observed by Barnes [ 9 ] , i t nay s t i l l

provide some sealing capabi l i ty. I f i t does not plug the gap, than the leakage should be

calculated from a hydrodynamic model for flow through an open gap.

6. Concluding Remarks

A preliminary analysis of the sealing surface deformations of a major penetration, such

as a large equipment hatch with a pressure-seated gasket, due to overpressurization was

performed. 8ecause f inal detai l drawings for the design were not available for use at the

star t of this work, most of the work was done using a "best estimate" design for a steel

vessel's equipment hatch.

A f i n i t e element analysis of the psnetration sleeve revealed that i t s sealing surface

car undergo large rotations which nay lead to leakage. A value of 7" a t the model's bursting
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pressure of 86 psig was computed for the "best estimate" design. The largest value estimated

for leakage was less than 0.12 volume percent per day.

A three-dinensional analysis, as reported in paper 0 2/5 of this conference (Ref. [ 10 ] ) ,

is highly recommended in order to capture the oval deformation mode and, thus, provide addi-

t ional insight into the behavior of this structure. Although this study was mostly based

upon "Dest estimate" Information, i t is believed that i t provides reasonable insights as to

the behavior of a pressure seated penetration.
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Table I . Equipment Hatch Dimensions (Best Estimate)

Containment Wall:

Radius = 75 f t Thickness = 1-1/2 i n .

Reinforcing Plate:

Thickness = 3 i n . Width = 33 i n .

Penetration Sleeve:
Radius = 8 f t
Thickness (outboard) = 1-1/2 i n . Thickness (inboard) = 3 i n .

Length (outboard) = 7 f t 5-5/8 i n . Length (inboard) = 1 f t 3 in .
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FIGURE CAPTIONS

Fig. 1. PWR Pressure and Temperature Histories

Fig. 2. Generic Schematic of an Equipment Hatch for a Steel Containment
Vessel

Fig. 3. Penetration Model

Fig. 4. Deformed Shape of the Penetration Sleeve (Equipment Hatch Cover Shown
for Il lustrative Purpose Only - Analyzed in a Separate Analysis)

Fig. 5. Rotational Displacement of the Penetration Sleeve's Sealing Surface

Fig. 6. Deformed Profile of Sealing Surfaces at a Pressure of 86 psig

Fig. 7. Variation of Leakage with O-Ring Seal Compression (Based Upon Data
of Olivers et a l . , Ref. [7])
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