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J 1.0 GENERAL INFORMATION

The purpose of the Mark 1 Torus Program is to evaluate the effects of
hydrodynamic loads resulting from a loss of coolant accident and/or an SRV

f discharge on the torus structure. This report summarizes the results of

extensive analysis on the Vermont Yankee torus structure and reports safety
margins against established criteria. The content of this report deals with
the torus shell, external support system, vent header system and internal

.) structures. Analysis and results for piping attached to the torus (including
shell penetrations and internal piping), for the SRV line (except for the
submerged portion and tee-quencher) and for the SRV line vent pipe penetration
will be presented in a separate piping report, TR-5319-2.

-

The criteria used to evaluate the torus structure is the ASME Boiler &
Pressure Vessel Code, Section III, Division 1, with addenda through Summer
1977 (Reference 11) and Code Case N-197. Modifications were done under

J Section XI of the ASME Code and meet the Summer 1978 Edition of Section III
for design, materials and fabrication.

A great many technical reports have been written and issued as a part of
J this program. These reports provide detailed descriptions of the phenomena,

the physics controlling the phenomena, calculational methods and detailed
procedures for plant-unique load calculations. Several of these documents are
listed as references in this report. The approach of this report will be to

l reference these documents, wherever possible, and to avoid a re-statement of
the same information.

A major part of this program has dealt with providing plant-unique load
'

calculation procedures (Reference 1 is an example of this). In most cases,
the loads used to support the analysis were calculated in strict accordance
with those procedures, as amended by NUREG 0661 (Reference 2). In some cases,

optional methods have been used; these methods are specifically referenced in
D
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Program documentation. Examples of these are the use of plant-unique SRV test
data to calibrate SRV analysis, and use of plant unique quarter scale pool

.

swell movies to refine certain water impact and froth loads. In a few cases,
analysis assumptions have been made that do not appear in Program documen-

q
tation; these are identified in the text.

"

Extensive structural analysis was performed as a part of this evalua-
tion. The major analysis was for dynamic response to time-varying loads.

m
Analysis for static and thermal conditions also form a psrt of this work. The'

computer code used to perform almost all of this analysis was the STARDYNE
code, as marketed by Control Data Corporation. STARDYNE is a fully verified
and accepted code in this industry; details of the code are available through

q
- CDC. Cases where a computer code other than STARDYNE is used will be identi-

fied in the text. All dynamic analysis used damping equal to 2% of critical,
unless stated otherwise.

As an aid in processing the large amounts of calculated data, post-
processors for the STARDYNE program were written and used. These programs

were limited in function to data format manipulations and simple combinations
of load or stress data; no difficult computational methods were included.

;

The loads and load combinations considered in this program required
special consideration to determine the appropriate levels of ASME Code appli-
cation. Reference 3 was developed to provide this standard. Table 5-1 of

'
Reference 3 is the basis for all the evaluation work in this report; it is

reproduced in this report as Table 1. This table shows 27 load combinations
that must be considered for each structure. The number actually becomes
several times that when we consider the many different values associated with

'

various SRV discharge conditions. The approach used in the final evaluation
of structures is to reduce this large number to a relatively small number of
cases by conservative bounding. For example, load combinations including
SSE seismic, have a higher allowable than the same combination

,

a

RFVlSION 1
'.

O



-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __ __

, )
.

WTs i m(NE-

Technical Report ENGNEERING SERVICES
-

TR-5319-1 -31-
.

This model includes 587 structural nodes, 664 plate elements, 2261
)

I static degrees of freedom and 362 dynamic degrees of freedom. Symmetric

j boundary conditions were used at both ends of the model,

The model was modified for various load calculations to account forg
differences in the percent of the water mass that is effective for that load

event. In all cases, modeling of the water mass was accomplished using a 3-D
virtual mass simulation as an integral part of the structural analysis. The

percent of water mass used is identified in the discussion of each load

calculation that follows.

The 360 beam model of the torus is shown in Figure 3-4. This model

was used to evaluate the effects of lateral loads on the support system andg
earthquake restraint system. The beam element properties were selected to
simulate combined bending and shear stiffness of the sections. Water mass

was lumped with the structure weight on the wetted nodes.

D
3.2 Loads Analysis

3.2.1 Poo'l Swell Loads (4.3.1 & 4.3.2)

D
Analysis for pool swell loads was done using the finite

element model shown in Figure 3-1. This was a dynamic analysis performed in
the time domain by applying a force-time history, to simulate the pressure-
time histories of the pool swell event to each node on the computer model.

3

Input p'ressure-time histories were' varied in both the longitudinal and radial
directions in accordance with the information in References 1, 2 and 10.

Typical pressure-time history curves are shown in Figures 3-5 through 3-7.

q (These pressure-time histories cre taken directly from Reference 10, before
adjustment, as required by Reference'2. Therefore, the amplitudes shown are
slightly different than the loads used in the analysis).

3 Th'e computer analysis was run for two different pool swell
conditions, full AP and zeroAP. Figures 3-5 through 3-7 show comparative values

~

, .
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J and time histories for the two cases. The only difference between the analy-
ses was the input loads; the models were identical. Details of the full load

distribution can be found in References 1 and 10.

O Plant-unique quarter scale pool swell tests showed that the
effective water mass was less than 100% af ter bubble breakthrough and was
slightly different for both zero and full AP conditions (Reference 4). The

water mass used in the computer simulation was constant throughout the analy-
') sis and was set at the average of the two reduced masses identified in the

quarter scale tests. The reduced and average mass values are given in Table
3. This simplification in water mass analysis is consistent with the rela-
tively slow (pseudo-static) nature of the pool swell load, This simplifi-

's cation only affects the inertial (frequency) calculation; the effects of

weight are accurately calculated for each load and time in the deadweight
analysis.

,J 3.2.2 Condensation Oscillation - DBA (4.4.1)

Analysis for condensation oscillation (CO) was also done
with the structural model shown in Figure 3-1.

O
The condensation oscillation shell load is spectiied as a

spectrum of pressures in 1 Hz bands (Reference 1). The analysis for this load
was performed by considering the effects of unit loads at each load frequency

O (harmonic analysis) and then scaling and combining the individual frequency
effects to determine total stress at selected elements. The three variations
in the C0 spectrum (Reference 1) were evaluated by re-scaling the results of
the unit load analysis. 100% of the water mass was used for all C0 analysis.

O A plant-unique factor was applied to the nominal condensation oscillation
pressures as discussed in Reference 1; the factor is listed in Table 3.

The combination of individual harmonic stresses into total
Ii element stress was done by considering frequency contributions at 31 Hz and
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4.3.2 Chugging Loadsg

4.3.2.1 DowncomerLateralLoads(4.5.3)

Reference 1 identifies downcomer lateral loads as
static equivalents with random orientation in the horizontal plane. The major
consequence of this loading is to produce high local stress in the VP/

downcomer intersection. The detailed shell model (Figure 4-1) was used to

j identify stresses in the downcomer intersection due to static loads applied at
the base of the downcomer. Frequencies of the first downcomer response mode
were taken from a dynamic analysis on the same model (Figure 4-1) with the
downcomers full of water to the operating level. This frequency was necessary

g to determine the proper dynamic scale factor to apply to the static load.

The stress results from the statically applied load
were used as a basis for a fatigue evaluation of the intersection in accord-

9 ance with Reference 1.

4.3.2.2 Chugging - Synchronized Lateral Loads

O The random nature of the downcomer lateral chugging
load provides for all combinations of alternate force orientations on adja-

cent pairs of downcomers. Various load combinations were examined to deter-
mine stress levels in the vent header and mitre joint as a result of these

O loads. The cases considered are shown in Figure 4-6.

These cases were considered by applying static
loads to the beam model (Figure 4-4) and determining final stresses as

10 described in Section 4.2.

4.3.2.3 Internal Pressure (4.5.4)

O Three vent system internal pressures exist during
chugging. Th'ey are:

REVISION 1 g
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SRV LOAD CASE / INITIAL CONDITIONS

Any,,

J One ADS * Multiple
Design Initial Condition Valve Valves Valves

1 2 3

1 NOC*., First Act. A1.1 A3.1m
O

A 2 SBA/IBA,* First Act. A1.2 A2.2 A3.2

3 DBA,* First Act. A1.3

0
1 NOC, Subsequent Act. C3.1

SBA/IBA, Sub. Act.
C 2 Air in SRV/DL C3.2

SBA/IBA, Sub. Act.'-
3'' Steam in SRV/DL C3.3

This actuation is assumed to occur coincidently with the pool swell
event. Although SRV actuations can occur later in the DBA accident, then

V resulting air loading on the torus shell is negligible since the air and
water initially in the line will be cleared as the drywell to wetwell P

increases during the DBA tra.1sient.

O * ADS = Automatic Depressurization System

NOC = Normal Operating Condition

SBA = Small Break Accident

IBA = Intermediate Break Accident

DBA = Design Basis Accident

O
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