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Durlng a postulated LOCA event or SRV discharge, water clearzng,

air expulsion and cteam condensation in the Mark II suppression pool
will crcate induced fluid motion which in turn may produce loads

on the submerged structures. In order to evaluate these hydrodynamic
loads, analytical models are utilized to predict velocity and
acceleration in the entire flow field. The subsequent calculation of
the total drag loads due to both standard and acceleration drag is
carricd out for each submerged structure as follows: (See DFFR (Ref. 1)

and NEDE-21730 (Ref. 2))

Standard drag=Fg = Cd AfoIUI (1)
2gc
Acceleration drag=F, = i (2)
€
Vhere Cd = Standard Drag Coefficient
A_ = Structure's Area Normal to the } ow Direction

§ = Water Density
U = Fluid Velocity
= Acceleration Constant

Inertia Coefficient

+
"

Structure Volume
U = Fluid Acceleration ——

In the process of computing the loads, the NRC Acceptance Criteria
(Ref. 3) concerning the unsteady flow effect, interference effect,
equivalent uniform flow, bubble asymmetric effect, ecc. are
addressed and considered whenever they are needed.

The approaches to the calculation of submerged structure loads for
Shoreham plant are described in detail below.

LOCA SUBMERGED STRUCTURE LCADS

In this section, the mcthods used to predict the hydrodynamic loads associated
with vater jet, air bubble charging, pool swell, fallback, condensatiocn
oscillation and chugging in the LOCA event arc discussed.
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A. LOCA Water Jet Loads

Shorehan adopts the NRC Acceptance Criteria to calculate the LOCA
vater jct loeds. First, the vent clearing transient is determined
using Shoreham response to NRC Question 020.58 part (2). Based

ocn NEDE-21472 (Ref. 4), DFFR and NEDE-21730, the jet front location,
velocity and acceleration are calculated. The potential function
from the NRC Acceptance Criteria is used to predict the induced
velocity and acceleration in the flow field by the method of NEDE-
21471 (Ref. 5). The standard drag and acceleration drag are then
calsulated in accordance with Egs (1) & (2). For a structure waich
is fully engulfed or not fully submerged inside the jet boundary,
the procedure outlined ia NEDE-21730 is used to calculate the drag
forces.

B. LOCA Air Bubble Charsging Loads

Based on NFNE. 27.71, NEDE-21730 and DFFR, the air bubble charging loads
are calculated. The following steps are taken to compute the loads:

(1) Use NEDE-21471 to determine the bubble source strength,
the induced veleocity and acceleration in the flow field.

(s} Use procedure in NEDE-21730 and DFFR to determine the
drag loads. f

(3) NRC Acceptance Criteria are addressed according to Ref. 6.
C. Pool Swell Loads

NEDE-21544-p (Ref. 7), DFFR, NEDE-21730 and NRC Acceptance Criteria
are used to develop the forecing functions on structures in the
pool swell zone. Major steps taken are as follows:

(1! Use NEDE-21544 and DFFR to evaluate the pool water slug
velocity, acceleration and elevation time histories.

(2) Use DFFR and NEDE-21730 to calculate the standard drag
and acceleration drag loads.

(3) Use NRC Acceptance Criteria (Section III.B.3.C.1) to
calculate the impact loads.

(4) Use Ref. 6 to address the NRC concerns about lift force.

D. Pool Fallback Loads

The fallback loads on structures are computed based on the velocity
and acceleration timc histories of a free falling fluid slug.

The procedure outlined in DFFR and NEDE-21730 is used to evaluate
the fallback loads on structures located between the vent exit and
the maximum pool swell height.
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E. Condensation Oscillation Loads

Condencation oscillation produces an effective unsteady source at
the vent exit analogous to the LOCA air bubble source and can

also be expected to generatc submerged structure loads. Once the
source strength is defined, the same basic approach and fundamentals
that are applied to the LOCA air bubble load calculation can be
utilized to compute loads.

Shoreham uses basically the approaches of G.E. documents: NEDO-
21669 (Ref, 8), NEDE-23617-P (Ref. 9), 4T Application Memo (Ref. 10),
NEDE-21471, DFFR and NEDE-21730 with the following features:

(1) Based on analytical hydrodynamic models in NEDO-21669
and NEDE-23617-P, the source is defined as follows:

(a) A point source is located at each vent (downcomer)
tip.
(b) The source strength, 8, is derived from full scale

single vent data of the 4T test facility, and is
related to the wall pressure as follows:

é & P wall
(3)
9 (r)
Where P wall = 4T wall pressure at tank bottom
center

¢ = Fluid Density

f (r) = Transfer factor determined by the
method of images and 4T geometry.

According to the 4T Application Memo, the bounding wall
pressure in Eq. (3) is used. The pressure history is
considered to be sinusocidal with an amplitude of +5 psi
and a possible frequency range of 2 to 7 Hertz.

(2) After the source strength is defined, the worst combination
of phasing (out - of - phase) for all vents is considered
to calculate the submerged structure loads in accordance
with the analysis and procedure outlined in NEDE-21471,
DFFR and NEDE-21730.

(3) Interference effect, unsteady flow effect, and
equivalent velocity and acceleration are incorporated
to comply with NRC Acceptance Criteria.
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F. Chugging Loads P@J@ﬁ)\{ @Rn@ﬂh\ﬂ&l

Essentinlly the same methodology used in the load definition for
condencation oscillation is adopted to compute the chugging loads.
All documecnts mentioned in II., EZ. plus the Shoreham response to
NRC Quegtion 020.75 form the decign bases for load gencration,
The key difference from condencation oscillation is described as
follows:

(1) Chug source strength is based on the 4T Application
memo with the maximum source being that resulting in
the +20 psi, -14 psi emplitude wall pressure. The
frequency range used for chugging loads is 20 through
30 Hz,

(2) #hen cencicering the influence of mores than one vant, source
amplitide is reduced by using a source amplitude multiplier
ver=1s number of vents function based on the asymmetric
wal. pressure distribution. (see Figure 020.75-1)

III. SRV SUBMERGED STRUCTURE LOADS

In this section, the methodology adopted to predict SRV submerged
structure loads related to the water jet and air bubble oscillation
is discussed.

A. SRV Water Jet Loads

According to the NRC Acceptance Criteria, *thc SRV water jet loads
may be neglected for those structures located outside of a sphere
circumscribed about the quencher arms. Shoreham's zone of
snfluence as defined by the NRC Acceptance Criteria is a sphere
with radius of 5.328 ft. However, as proposed by the Mark II
Lead Plant Owmers, the zone of influence of SRV water jet is
modified from a sphere to a cylinder tangent to the schere.
Although the jet loads are expected to be small, the . loads on
structures inside the modified cylinder zone of influence are
calculated as follows:

(1) Standard drag is calculated from NEDE-23539 (Ref. 11)
and NEDE-25090-P (Ref. 12)

(2) The induced acceleration is predicted by the line
source method (Ref. 13) The subsequent acceleration
drag computatiou is obtained from DFFR and NEDE-21730.

B. SRV Air Bubble Loads

Shoreham uses a NRC/KWU hybrid method. This methodology includes
the following features:

(1) MNRC Acccptance Criterin

&, Assume air bubble with radius of 5 feet located at
quencher center,
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b. Uge Mark II submerged structure load calculation
methodology in NEDE-21471, DFFR and NEDE-21730.

c. Fulfill the NRC required modifications, such as
bubble asymmetric effect, interference effect, etc.

(2) Sinple exception to the NRC Acceptance Criteria:
use KWU specification (Ref. 14) to define the bubble
prescure, i.e, bubble pressure is equal to 1.5 KKB
(3 KWU-FPL pressure traces)

(3) Application

a. Source strengh is based on the product of bubble
radius (5 ft.) and pressure (1.5 KKB)

b. Frequency range is covered by using a time scale
factor of 0.8 to 1.8 on KWU pressure time histories.
Worst frequency is considered for the structure
loads.

c. Use analysis and precedure in NEDE-21471, DFFR and
NEDE-21730 to calculate the submerged structure loads.
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| FIG.020.75-1 .
- SOURCE AMPLITUDE MULTIPLIER vs
NUMBER OF VENTS
B SHOREHAM NUCLEAR POWFR STATION-UNIT 1




