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area of 30% or less of the total pipe area. For this range of break

areas, two-phase conditions are not cobserved in the broken pipe.

o For break sizes of 30% or less of the total pipe area, WHAM pre-
dictions of pressure differentials across the simulated core
internals in LOFT are slightly conservative (i.,e., somewhat larger

than the differentials observed in the tests).

e VWHAM predictions of pressure differentials for breaks in the range of
30% to 100% of the total pipe area are less accurate and more conserva-

tive when compared to test results.

o WHAM predictions for a break of 100% of the total pipe area may be

unrealistically conservative,

¢ WHAM is an important tool for analysis of large break sizes because
prediction of the initial decompression wave is accurate and is of
primary importance in determining subcooled loads throughout the

system.

o The capability of WHAM is such that calculated pressure histories
from it are sufficiently reliable for use as forcing function input
to structural dynamics codes used in the analysis of large power

reactors,

WHAM has also been applied to the GE experiment whose results are shown in
Figure 2-7, The equivalent piping network described in Subsection 2.4 was
used in WHAM to predict the magnitude of the initial pressure dip at the
shroud surface (pressure P4 in Figure 2-7)., The initial pressure dip of
320 psi in pressure P2 of Figure 2-7 was applied as a boundary condition at

a location in the blowdown pipe just downstream of the pressure vessel.
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The same EPN shown in Figure 2-9 was used for the three sizes of BWR/6 given in
Table 2-1, changing only the distance between the vessel and the shroud for the
three cases. The basic output from WHAM is the radial pressure distribution
along the shroud surface (junctions (E: ’ (g@ : <£b ¢ T Gi? ) as a function of
time. Typical results are shown in Figure 2-10., The times shown for each

curve are measured from the time the acoustic wave passes junction <§>. Note
that constructive interference c¢f reflecting waves can cause pressures in excess
of the initial pressure, as shown on curve 5 of Figure 2-10. This phenomenon

has been observed experimentally in the Semi-Scale tests.

The time step increment used in WHAM to calculate the results of Figure 2-10 is
0.000077 second, and the sonic velocity is 3450 ft/sec. Curve 2 of Figure 2-10
was plotted for the time when the minimum shroud pressure of 854 psi was
achieved. This minimum pressure occurs on the nozzle centerline, and causes a
shroud pressure differential at that point of 146 psi, because the pressure on

the inside of the shroud remains at 1000 psi during the transient.

The radial acoustic pressure distributions provided by WHAM serve as input for
the prediction of loads on the shroud, shroud support plate, and jet pumps. The

methods used to calculate these loads are described in the following sections.
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3. SHROUD LOAD AND STRUCTURAL RESPONSE

3.1 SHROUD LOAD

The total load on the shroud is predicted in a separate calculatior, using the
radial pressure distribution from WHAM. The elements of the load calculation

are shown in Figuve 3-1,

Consider the area element dA in Figure 3-1. It is distance r away from the
recirculation nozzle centerline, which is the z-axis. The differential pressure

acting on the shroud over dA is AP(r)
where
AP(r) = 1000 - P(r) psi

P(r) is the acoustic wave pressure predicted by WHAM at radiuc r, as shown in
Figure 2-10, and 1000 psi is the assumed constant pressure acting on the inside
shroud surface. The differential force acting outward on dA is dF = AP(r)dA,
and dA is given by dA = rdrd6, so dF = AP(r)rdrdé. The net outward force on the
shroud comes from dF and its mirror image dF', shown on the lower portion of

Figure 3-1.

= 1
anet dF cas $ + dF' cos ¢

and because ¢ = w/R = (r sin 8)/R
and |dF'| = |dF!

then anet = 2dF cos ¢

r gin 6)

= 9% A
or ane 2 AP(r)rdrd® cos ( A

o

3-1
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Calculation of Total Shroud Load
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3.2 STRUCTURAL RESPONSE OF THE SHROUD

The dynamic response of the shroud (BWR/6-238) for the acoustic loads described
apove is computed using a finite shell model compatible with the ASHSD computer
program.(a) The¢ structure is treated as being axisymmetric and the time-dependent
loading is considered to be arbitrary or asymmetric. The load at each eleva-

tion and for each time interval is decomposed using Fourier series expansion
around the circumferential direction. The finite element model (Figure 3-5)

of the structure includes the shroud support legs, shroud support plate,

shroud, core plate, top guide, shroud head and steam separator assembly, and

the inertial effects of the fuel bundles and guide tubes. In addition, mass
effects of the contained water is also included by lumping the water mass at

appropriate nodal points.

The first 15 harmonic components of the loading are considered in the time
historv analysis using the direct integration method. A form of viscous damping,

proportional to the mass and stiffness matrices, is considered in the analysis.

From the results of the analysis, the maximum moments and forces in the hocp
and meridional directions during the entire time history are determined.

These are used to compute maximum membrane and bending strusses in the shroud.
The calculated stress due to acoustic loading of 19,100 psi is well within the
value used in the shroud stress report for acoustic loading which was based on
an equivalent static load., The calculated design stresses as reported in the

shroud stress report are all within the ASME Code-allowable stresses.
Based on this analysis, it is also concluded that the designs of BWR/6-218 and

BWR/6-251 shrouds are adequate for the acoustic loads due to a recirculation

line break.

3-8
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4, SHROUD SUPPORT PLATE LOAD AND STRUCTURAL RESPONSE

e
-

EHROUD SUPPORT PLATE LOAD

Caleculation of the acoustic load on the shroud support plate (see Figure 1l-1) is
also done by a separate calculation. The radial pressure distribution provided
by WHAM is used in the manner shown on Figure 4-1 to compute the differential

pressure distribution across the shroud support.

The shroud support plate is modeled as a straight strip, whose width is the
distance between the vessel inner wall and the shroud outer surface. Starting
from a point directly beneath the recirculation suction nozzle, one half of the
strip is divided into areas A, B, C ... depending on where the radii of cbg
WHAM junctions intersect the strip. At a particular time, the pressure associ-
ated with each area is the acoustic pressure of each associated WHAM junction,
as shown on Figure 4-1. Area "A" is a special case whose pressure is determined
by linear interpolation between two junction pressures. In the example of
Figure 4=1, the shroud support plate distance from the recirculation suction
nozzle centerline is such that the shroud support plate lies between junctions
<:> and @ED . The values of the dimension "H" on Figure 4-1 are given in

Table 4-1,

The number of shroud support plate areas A, B, C ... is determined by the number
of real plus fictitious junctions. Tie pressure differential acting on each

area is

&Pi = 1000 - Pi psi

where

Pi = junction pressure associated with the area, psi

1000 = assumed pressure below shroud support plate, psi

4-1
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Figure 4-1, Calculation of Shroud Support Plate Load



NEDO-24048

Table 4~1

DISTANCE FROM SHROUD SUPPORT PLATE TO
RECIRCULATION SUCTION NOZZLE CENTERLINE

BWR/6 Vessel Distance (in.)
1.d. <in,) (dimension H)
218 33.0
238 27.5
251 32.0

The total loading acting at a particular instant of time is

- v 2(a + A 5 |
| 8Py Ay + 2[2PpA, + OPCA, L |

where
APA = pressure differential on area A
AA = square inches in area A
2{...] = factor of 2 to account for pairs of areas B, C, D ... ete.
2 ; = factor of 2 to account for doubling of pressure differential |

when acoustic wave is reflected upward from shroud support plate
FSS = total force on shroud support plate acting upwards at a point on
the shroud support directly under the recirculation suction

nozzle centerline.

The latter factor of 2 is needed because WHAM dces not explicitly model the
pressure of the shroud support plate in the EPN of Figure 2-9. If WHAM did
account for the presence of the shroud support, it would predict a doubling of

the wave pressure differential as the wave reflected upward off the rigid

surface.
The shroud support loadings for the three sizes of BWR/6 are shown on Figures 4-2,

4-3, and 4-4, The area of application is also shown on these figures. The area

of application is subject to the same rule which is used to determine the area

4=3



R

P P T SR SN~

P Da——

ST p—

e e e s e

i

TP T—

IR S . P R T T .-,

Lore i f o bl Slhar s Milibed 24l v TR D EC 1 B B EaA i A Tt st b i ® il et e a5 AL 1ol 8l i Rt ad e dvta bed At s com o Hhofbuns M8 @ idlmadianda . oy B T R LI N TP

NEDO=-24048

of application of the shroud loading; namely, if the differential pressure of a
given area is less than 5 psi or negative, then that area does nct contribute to

the area of application.
4,2 STRUCTURAL RESPONSE OF THE SHROUD SUPPORT PLATE

The peak loads from Figure 4-2, 4=-3, and 4~4 are expressed as a differential
pressure on the shroud support plate and directly added to the differential pres-
sure during normal operation. This pressure sum is found to be less than the
maximum faulted category differential pressure values during the subsequent
blowdown. In addition, the overturning moments on the shroud due to the shroud
plate vertical localized acoustic pressure differences is found to be very small

when compared to the design load.
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5. JET PUMP LATERAL LOAD AND STRUCTURAL RESPONSE

5.1 JET PUMP LATERAL LOAD

The calculation of the lateral load imposed by the passage of the initial acoustic
wave on the jet pump nearest to the recirculation suction nozzle is done
separately from WHAM. The radial pressure distribution from WHAM is used to
calculate the instantaneous acoustic pressures along the near side and far side

of the jet pump, as shown in (a) of Figure 5-1.

The total forces acting individually on the near and far sides of the jet pump
are calculated similarly to the total force on the shroud support plate. It is
assumed that initially the pressure on the near and far sides are both equal to
1000 psi. The values of XN and XF’ the distances from the centerline of the
recirculation suction nozzle to the near and far sides, respectively, of the jet
pump are used in the same way the dimension '"H" was used in the calculation of
the shroud support plate loads (see Figure 4-1), Values of XN and XF are

tabulated for the two larger sizes of BWR/6 in Table 5-1,

Pressure differentials on the jet pump below the shroud support plate or above
the top of the jet pump are not calculated in the cases where the extrapolation
procedure would cause the total of the real and fictitious junction points to

extend beyond the bottom or the top of the jet pump.

The WHAM code does not explicitly model the presence of the jet pumps in the

EPN of Figure 2-9. Therefore, a method has been developed to apply appropriate
wave reflection factors to the differential pressure distribution computed for
the near side of the jet pump. The jet pump is divided into a number of vertical
sections, where each section has a characteristic outer diameter associated with
it, as shown for a typical section "i" in (b) of Figure 5-1. The near side wave

reflection factor for section "i" is given by
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Table 5-1

DISTANCE TO NEAR AND FAR SIDES OF JET PUMP
FROM RECIRCULATION SUCTION NOZZLE CENTERLINE

BWR/6 Vessel Near Side Distance Far Side Distance
Lol £4n) XV (in.) XF Cin.)
238 36 50
251 32 45

where D = constant distance between the vessel inner wall and the outer shroud

surface (see Table 2-1)

di = puter diameter of vertical section i

Ri = reflection factor for section i

The reflection factor is 1 when di is zero, and is 2 when di is equal to D.
This means that if the jet pump were not present (di = 0) then there would be no
increase in the pressure wave (R1 = 1); and if the jet pump filled the gap

between vessel and shroud completely, the pressure wave would double (Ri . 2},

The net load on the vertical section "i" is then the difference betweern the

near side force with the reflection factor applied and the far side force:

Voat g ™ Ay IRy Ry o= 40, ]

where

Ai = ¢ross-sectional area of section i

APN 4 = near side pressure differential of section i, 1000 - PN {
’ it |

APF { = far side pressure differential of section i, 1000 - PF {
" )
It is seen that applying no reflection factor to the far side pressure differen-

tial maximizes the net lateral force on section i, Fnet 1
b}

5=3
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The total lateral load on the jet pump at a given instant is the sum of the

net lateral forces on all the vertical cross sections:

M

iy " Z Faet,1

i=1

The total lateral load on the jet pump FLJP is in the direction of the

recirculation suction nozzle.

The total cross-sectional jet pump area over which the acoustic load is applied
is also calculated. Figures 5-2 and 5«3 show the total lateral load and the
area of application for the two larger sizes of BWR/6.

5.2 STRUCTURAL RESPONSE OF THE JET PUMP

The jet pump for BWR/6-238 is evaluated for the described acoustic loads by per-
forming a dynamic analysis. The jet pump along with riser and brace, tie-beam,
inlet-mixer, and diffuser are modelled using three-dimensional beam elements

and pipe elements with fixity at the diffuser base (see Figures 5-4 and 5-5).
Nodal masses include metal and hydrodynamic masses from both inside and outside
of the jet pump. The acoustic load shown in Figure 5-2 is distributed to the
nodes based on the tributary area to each node, and a dynamic analysis using a

time=-history mode superposition method is performed.

The results of the analysis are evaluated to determine the maximum shear and
bending moments. These occur at the diffuser base with a maximum bending stress
of 4800 psi and a maximum shear stress of 1000 psi. These stresses are very
small. Further, the maximum bending stress is well within the values computed

in che design of the j t pump, using a simplified analysis.

Based on this analysis, it is concluded that the designs of thL. BWR/6-218 and
BWR/6-251 jet pumps are also adequate for the acoustic loads due to a recircula-

tion break.
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6. LOAD SUMMARY

Table 6~-1 summarizes the description and magnitude of the acoustic loads

treated in this report.

Table 6«1
ACOUSTIC LOADS SUMMARY

Description of Loads

Shroud (loads act toward broken recircu-
lation line)

Maximum load applied over projected
recirculation line area.

Maximum average pressure (total
load/area of application).

Maximum integrated lateral load.
Shroud Support Plate (loads act
vertically upward)

Maximum average pressure (total
load/area of application).

Maximum integrated vertical load.

Jet Pump Risers and Diffusers

ateral loads on jet pump diffusers
and mixing selections of the jet
pumps closest to the postulated
recirculation line break.

Maximum average lateral pressure
in direction of broken line.

Maximum integrated lateral load
in direction of broken line.

Magnitude of Loads

BWR/6
218

148 psi
55 psi

525,000 1b

78 psi

152,000 1b

58 psi*

62,300 1b*

*Estimated from BWR/6-238 and BWR/6-251 loads

6-1/6~2

BWR/6
238

146 psi
55 psi

645,000 1b

83 psi

212,000 1b

59 psi

62,300 1b

BWR/6
251

150 psi
55 psi

580,000 1b

75 psi

190,000 1b

63 psi

71,000 1b
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