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results were reviewed with the ACRS on August 7, 1981. The
primary fatigue concern was for the portion of the SRV piping in
the wetwell airspace, where a fatigue crack could reswlt in steam
bypasting the suppression pocl. This ccncern does not apply to

\
|
and have shown acceptable fatigue results. Mark II fatigue

the location in question on the Clinton SRV piping, which 1is
submerged in the pool. Also, due to the use of a low-low
setpoint logic, the number of design SRV actuations (hence
thermal and mechanical load cycles) for Clinton typically will be
lower than for Mark I's and Mark II's.

As shown in Table 2i10.01~1, there is a large margin for Equation
10 and 11 stresses. Although not required. thermal gradient
stresses if added to Equations 10 and 11 would not create a
fatigue problem., Alsc, a higher allowable st:ress for these
equations couvld be justified per Code Case N-318, since the
number oi str~ss cycles would be less than 7000.

Therefcre, per paragraph ND-3645 of tne Code, these attachments to
the SRV piping were conservatively designed and are well within
ND-3650 stress allowables,




Figure 210.01-1

Figure 1 - SRV Discharge Line Support - Welded Attachment Detail
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Figure 1 - SRV Discharge Line Support -~ Weldci1 Attachment Detail
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Figure 1 - SRV Discharge Line Suppo-t - °
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TABLE 210.01-1

MAXIMUM STRESS SUMMARY
SRV _DISCHARGE IINE AT SI'PPORT
WELDED ATTACHMENT LOCATION

Code Allowable Calculated
Equation Stress Stress

{ND=3652) —ipSL) ) S
9 19,080 13,535

10 27,475 10,400

43,375 12,900

Calculated stresses represent an envelope of all 16 SRV
discharge lines, and include the effects of both local
attachment stress and nominal pipe stress,

Equation 9 allowable stress is for Service Level B -
corresponding calculated stress concervatively
envelopes Service Levels B, C and 0.

Equation 10 and 11 calculated stresses conservatively
include attachment local stress due to both thermal
expansion and mechanical loads.
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| NTRODUCT | ON.,

Ciintos X-Quancher had been anaiyzed sccording 1o the requirements of the
Subsectjon NU=3600 of the ASME Code, Section IIl. The NRC hed expressad
some concern sbout the fatigue {1fe of the X-Quencher due to thermal X
gradient and local bending stresses. Although ND-3600 doss not require s _ iantl
detalled fatigue evaiuation (and the Imtent of ND-3500 had been wet In the ’?

Az

previous analysis), It was decided 1o reanalyze four critical locations
(shown on Flgure #1) on the X-Quencher 10 the requirements of Subssction
NB8-3600 of ASME Code to 2lleviate NRC's concern on the subject, The
enalysis consisted of calculating the fatigue usage fector st thase
locations for 40 ysars of the plsat |ife,

LOADS AKD METHOD. *
The four [ocations (deaigneted es "A', "B, 'C' sad 'D*) represent the g
critical sections. Locatlion 'A' Is the SRY plping - quencher imterface Lol
point and was seiected because It Is a dissinilar metsi connection. e

Location 'B' is the X~Quancher sdepter ~ redecer Interface connect!cn.

Location 'C! Is the quencher wm - body Imharface connection snd location 5
‘D' Is the quencher comnection to the pedestal adagtor, Fatigue usage

foctor wes cricuiated for these locations using pesk stress 'Sp' snd

alternating siress 's" cbtained from Equations 11 and 14 of Subsection

NB-3500 respectively. To czicuizte the worst thermal gradlents scross
these sections, the most cevere tronsieat was used. The fransiest consists

of a step change from T0°F to 3%0%. Approprizte heat transfer
cosfficlaxts were calcuieted and oppiled for the transient. The siressas
due 1o these thermal gradients were combined vwith the stresses due to the
®somant |cading at thase locations and the pressure siress. Secondery
streas [ndices C'. Cz and (:3 and locai stress Indlces Kys xz ana x, were

calculated and appllied for these locations based on thelr configurations.
A finite element aodel was made for location 'D' because of Its comp i ex
geomeiric configuration and the consequent difficulty In calculating stress

Indices. Peak stress wis calcuiated using this mode! for the same thermal
transient, the moment cading and the pressurs loading.

RESULTS AND CONCLUCIONS.

The fatigue usege factors calculated are shown In Table #5.

JASRE L .
e AL USAGE FACTOR
—2A' SRY PIPING SIOE_ N7
—tA! OUFNOIER SIDE 0.32
8. .21
4 0.53
0 0.01

4
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The therma! gradiests calculated are shown In Table #2.

IasL 2

B

A 120,838 126,180 _94.9% 109991  0.010
B 32,430 183841 79,408 79,405 0,020
[
S

LOCAT 1O% ATl! &;2. IA: .

, JIB026 97,114 _935.083 194,196 0,240
- By Elnite Eloment Analysis.

* Refer 10 Subsection NB-3600 for definition.
% The time which crestes saxisuw combined stresses.

Since the usage fectors for the four critical sections are less then 1.0,
we con sefely conciude that the Clinton X-Quenche can withstand all normal
and upset conditicn icads Inciuding the s*resses due to thermal gradient
and local bending ef fects.

4.0 REFERENCES.
(1) ASKE Boller and Pressure Vessei Code Section )| - 1983 Edition,
(2) DRF MB21-42, X~Quencher, Pedestal Mounted,
(3) Stress Report Data Sheet for X-Quencher F22AS408AB.

(4) Design Specification for Quencher X-Type #21A2139,
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X-QUENCHER CRITICA:

FICURE #1




FIGURE #2

FINITE ELEMENT MODEL OF LOCATION 'D'
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ATTACHMENT 210.04-1 (Cont'd)

In addition the seven (7) NRC Benchmarks referred within Iten
I1.2 or C.(5) in SRP 3.9.1 NUREG-0800 have been executed through

TPIPE.
REFERENCED COMPUTER PROGRAMS:

PISOL - £DS Nuclear
NUPIPE - Contrxol Data Corp.
STARDYNE -~ Control Data Corp.

SAP 1V - Cortrol Data Corp.
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ATTACHMENT 210,04-3
COMPUTER PROGRAM: E2A17 Version 13.4B Dested 8/22/83
AUTHORS : Engineering Analysis Corporation

Berkeley, CA.

DESCRIPTION:

E2Al17 is a post processing program that uses the geometry and end
forces and moments from the EASE2 program and performs steel
design check calculations according tc the provisions of Sectic~
IIT Nuclear Power Plant Requirements ASME Boiler and Pressure
Vessel Code, Article XVII-2000, Linear Elastic Analysis, 1677
(1979 Winter Addenda).

EXTENT OF APPLICATION:

E2Al17 is utilized in evaluating results provided by "EASE2" in
the analys®s of support structures for the CRD piping.

VERIFICATION:

E2Al17 has been verified against hand calculations.

-3i~



ATTACHMENT 210.04-4

COMPUTER PROGRAM: EWELD Version 2.0 Dated 10/03/83

AUTHORS: Ramji Chaudhari, Simon Schmukler and
Kent Johnson

PROGRAM DESCRIPTION:

EWELD is a post-processing program that uses the forces and
moments at element end-nodes and the section properties data to
calculate fillet weld thickness, lamellar tearing and flare bevel
weld sizes.

EXTENT OF APPLICATION:

EWELD is utilized as a post-processor to the E2Al17 computer
programs, to analyze weld size and tabulate reactions as a step
in the design analysis of CRD piping support structures.

VERIFICATION:

EWELD program has been verified against hand calculations.
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NRC QUESTION MO, 480,27

In order to demonstrate the adequac, of the Clinton containment
design regarding LOCA-related hydrodynamic loads, the following
information needs to be supplied for our review.

1§ Show by comparison of design and plant parameters the
applicability of using the GESSAR-II generic load
definitions (as modified by Appendix C of proposed
NUREG-0978) for Clinton. Include a discussion of the
plant design differences between Clinton and GESSAR-II
that could make the hydrodynamic loads higher for the
Clinton design, (e.g., HCU floor open area less than
25%, gratings above the weir wall or within 19 feet of
the suppression pools initial surface).

RESPONSE

Table 480.27-1 gives a comparison of the plant design parameters
for the GESSAR-II 238 Standard containment and the Clinton
containment. A review of these data show that the Clinton plant
has a 218 size drywell in a 238 size containment. This results
in the containment and suppressicn pool volumes being relatively
larger in the Clinton plant than in the Standard 238 plant.
These larger volumes translate directly into moie capacity to
absorb energy during accident events. Thus, there is no need to
~hange the design basis load definition to assure a conservative
design.

The geometry of the horizontal vent system is a primary
determinant of the LOCA-relatea hydrodynamic loads. Table
480.27-1 shows that these systems are siuilar ior the two plants,
except Clinton has fewer vents. This smaller number of vents has
bgen considered in design basis calculations and has resulted in
no need to alter the generic LOCA design parameters for the
Clinton plant.

Clinton has some unique features which do not occur in the
standard plant design. These include a grating floor located

e



ar_ roximately 5 feec above the normal suppression pool surface, a
cantilevered HCU floor, and a grating floor *hat is supported
from the weir wall and extends over the weir annulus.

The concrete portion of the HCU floor constitutes some 31% ot the
annular area between the drywell and the containment. The
remainder of the structure (69% of the open area) at this level
is comprised of grating and open areas. The total open area at
the 755'0" elevation is greater than 26%, therefore, the GESSAR
load definition is applicable to Clinton. The weir annulus is
covered by a grating floor. This deviation from the standard
plant design ard the determination of the design loads are
discussed in the response to Question 480.27-2. The load
definition for the gratinc floor located at approximately 5 feet
above the normal suppression pool surface is also discussed in
response to Question 480.27-2.

«2h=



TABLE 480.27-~1

COMPARISON OF PLANT DESIGN PARAMETERS

A GESSAR-I1 CLINTON
Parameter Drywell Containment Drywell Containment
Qutside diameter (ft) 83.0 120.5 19,0 130.0
Inside diameter (ft) 73.0 120.0 69.0 124.0
Net free Volume (ft>) 274,960 1.14x10° 246,500 1.55x10°
Suppression Pool
Surface Area (ft") 482 5900 455 7175
Suppression Pool
Depth (ft)
- Low Water Level 19.92 19.92 18,92 18.92
- High Water Level 20.42 20.42 19.42 19.42
Suppression Pool3
Volume - HWL (ft~) 12,315 120,460 10,930 139,300
Horizontal Vents
- Number 120 N/A 102 N/A
- Diameter (in) 2 275 N/A 27.5 N/A
- Total Area (ft ) 495 N/A 420 N/A
- Submergence
T/M/B (ft) 7.0/11.5/16.0 N/A 7.0/11.5/16/0 N/A
Weir Annulus
- OQOutside diamete: 69.0 N/A 69.0 N/A
(ft)
- Inside diameter 64.7 N/A 64,7 N/A
(ft)
- Height (ft) 26 .08 N/A 2375 N/A
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NRC QUESTION NO. 480,27
In order to demonstrate the adequacy of the Clinton containment

desion regarding LOCA-related hydrodynamic loads, the following
intormation needs to be supplied for our review.

2) Provide and justify the load definitions used for
structures and equipment that are beyond the scor~ of
the generic load envelope contained in GESSAR-II (e.g.,
pipes within 0.25 ieet of the top of the weir wall,
submerged structures in the path of the horizontal! vent
water jets, and structures in the bulk pool region less
than 4 feet long and/or closer than 6 feet Irom the
initial pool surface).

RESPONSE

Structural steel, piping, pipe supports, conduit and other
components in the drywell are subject to the weir swell loading.
A definition of this load is given in Section 3B.5.1.5 of
GESSAR-II. This load definition is the result of bounding static
analyses performed for the spectrum of Mark III containment
parameters. Clinton specific parameters were used in tne
GESSAR-II models to genera*e time depecndent load definitions.

The details of this load definition are included in the attached
material.

The structural steel, piping, pipe supports, conduit, and other
components affected by the weir swell loads have been assessed
for the loads described in the attached material.

Essential components (those components required to function
dyring safe shutdown) have been arsessed to ensure that they
remain functional during the weir swell phenomona. Non-essential
components have been assessrda to ensure that they will remain in
place during and following this event. The structural steel
supporting essential components has been assessed to the criteria
given in Section 3.8 of the FSAR. The steel supporting
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non-essential components has been assessed to assure that it will
remain in place.

The only submerged structures in the path of the horizontal vent
water jets are the quenchers, whose design is discussed in
Section 22A.7 of GESSAR-II.

The load definiticn for the structural steel and piping within 6
feet of the initial pool surface and/or less than four feet in
length is based on the acceptance criteria in Appendix C of
proposed NUREG-0978.
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ATTACHMENT 480.27-2

INTRODUCTION
The purpose of this material is to describe the development and

to discuss the models used to analyze the weir annulus and

drywell vent flows for reverse (containment to drywell) flow
conditions. The analytical model and Clinton specific parameters
were used to determine the weir annulus pool swell impact and drag
velocities. Drag loads alsoc were calculated for representative
targets at selected elevations.

DEVELOPMENT OF ANALYTICAL MODEL
Shortly after a rupture in the primary system, the Emergency Core
Cooling System (ECCS) pumps start automatically and pump

condensate and/or suppression pool water into the reactor
pressure vessel. This water floods thte reactor core and then
cascades into the drywell from the line break. It is assumed
that the drywell is full of steam at this time, and that the
sudden introduction of cool water causes rapid steam condensation
and drywell depressurization. When the drywell pressure falls
below tl.e containment pressure, the drywell vacuum relief system
is activated and air from the containment enters the drywell.
Eventuallv, sufficient air returns to equalize the drywell and
containment pressures. However, during this drywell
depressurization transient, when there is a negative pressure
from drywell to wetwell, reverse (inward) vent flow occurs. Then
water can flow over the top of the weir wall into the drywell,
and this is known as weir annulus pool swell ("weir swell").

The model is divided into two parts. The first part of this
model describes the fluid reverse flow motion i~ the weir annulus
and the vent system for reverse flow. The second part describes
the fluid motion above the top of the weir wall.

Conservaiion of mass and erergy were used to derive the equation
of motion for weir annulus and vent flow. T[igure 480.27-2-1 is a

=20



sketch of the model used for this part of the analysis.

One-dimensional, incompressible flow is assumed. Friction losses
are assumed to be negligible, but the effects of irreversible
entrance, exit and turning losses are included. The differential
eguation of motion obtained is:

T
+ 535 [(A::)x ¢ x] - D(v> (. 1)

where: X = the containment suppression pool water level,

P(t) = containment pressure-drywell pressure,
B = the summation of the turning lnss coefficients,
Aww

Apw

Av = drywell vent flow area,

containment suppression pool surface area,

drywell suppression pool surface area,

o A
00 = () (G ) |2+ \ 7 )x | *

MG} (k5 v K )+ £ (G2 k1o k3o k2)

A A,

the length of the horizontal vents,

e
]

the vertical distance between vent centerlines,
fraction of total flow through top vent row,
fraction of total flow through middle vent row,
= fraction ¢f total flow through bottom vent row,
1 - kz,

= the submergence of the top vent centerline, and

i

N X X X XD
N = s W N

= the submergence of the bottom vent centerline
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The fractions of the total flow through each vent (kz' k3, and
k4) were determined using th2 flow network shown in Figure
480.27-2-2. A set of three simultaneous non-linear alegebraic
equaticns was obtained using this model. From the soluticn of
these equations, it was determined that (kz, k, and k4) are
independent of the drywell tc wetwell pressure difference and are
constant throuaghout the reverse vent fiow trarsient. These
parameter< are usec¢ in determining the coefficient B and the
function D(x) of Equation (1).

It was acsumed that the water in the weir annulus is a: the top vent
centerline and that its upward velocity is negligible at the start of
the transient. Equation (1) is valid as long as there is no flow over

the top oi the weir wall.

Once the weir annulus is full of water, the equation describing thLe
fluid motion becomes:

; Aww"
Xf___ + -
T [;(l R: Abw/) y] 1

3 (aian) = % Py (Eq. 2)
bk D (x)

where: z{ is the distance from HWL to the top of the weir wall.

By substitution, the expression for D(x) becomes:

. D = (2,-x)+ (A“’“‘\(a +2/) +

(o O ) (Gp)(nd o)
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The initial conditions for this equation are obtained from Equaticn
(1) at the time the water in the weir annulus reaches the top of the
weir wall.

The wetwell to drywell pressure difference, P(t), was cbtained by fit
of a fifth order polynomial to the difference between wetwell and
drywell pressure time histories during drywel! depressurization. A
least squares fit method was used to fit the polynomial to the
discrete time pressure points.

Flow above the top of the weir wall is modeled as a free jet. The
velocity potential, ¢ » and the non-steady state Bernoulli
equation are used. For steady-state f.ow, the velocity, u, of

the water at X, along the drywell wall (vertical flow) assuming
inviscid flow is given by the center-line velocity of the free

# T it ko

Y= (~—M) - —\/Vo"29x' <3 )
J x 4=0

This expression is integrated with respect to x and

differentiated with respect to time to obtain /3¢ . This
partial derivative is substituted into the non-steady state

jet:

Bernoulli equation. This equation is evaluated at X, = 0 where
ufo,t) = Vo(t) to determine the arbitrary function of time
associated with the non-steady state Bernoulli equation. The
resulting expression is:

u(x,,t) = {\:Voq(t) - 23)(‘] $e

. 2, - N Yl
2VLNVe(®) (y,0) - 29w )~ 2 @) Ve ()™
J : 9 (Eg.4)

where: x = height above the top of the weir wall.,
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’
x{t) = acceleration at the top of the weir

ADw wall, and

A
ww
Vo(t) e —

¢ (&
x(t) and x(t) are obtained from Equation (2).

Equation (4\ determines the center-line velocity of an unsteady
free jet. saince at any height x., the ceanter-line velocity is
the maximum vertical component o% the velocity, it is
conservative to use Equation (4) for load calculation.

At the leading edge of th? water slug (x1 = h), the velocity is
the impact velocity (u = h). When these substitutions are
incorporated into Equation (4), the differential equation for the

e Y,

;‘= [(voi 294) + ZY_(.j_\Z. (W'~ 2gh)"™ 2\/%% (£ )

impact velocity is:

The initial condition for this equation is h(to) = 0.

Equation (4) is used to determine the drag velocity as a function
cf time at a given elevation. The value of Xy is fixed for a
given elevation in this equation. The acceleration was
determined by numerically differentiating the drag velocity using
a forward differen-e technique. The terms Vo(t) and Go(t) were

obtained from Equation (2).

Equations (1), (2) and (5) were solved using the classical fourth
order Runge-Kutta method. Egquation (4) was solved at a fixed

elevation.

Drag loads on a structure were estimated considering both the
standard and inertia drag using the results from Equation (4).
Impact pressures are determined using the methodology presented
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in Table 480.27-2-2. The impact velocity used in determining

impact pressure is obtained from Figure 480.27-2-5, Fallback

drag loads are determined using Table 480.27-2-3.

ASSUMPTIONS AND INFORMATIOu

) B

Clinton specific dimensions for the weir annulus and drywell
vent system were used in the analyses.

Water flowing through the weir annulus and drywell wall
vents is treated as one-dimensional, incompressible flow.
However, since the water clears the weir wall, it is treated
as an ideal (inviscid) fluid.

Friction is assumed to be negligible, but the effects of
irreversible entrance. exit, and turning losses are included.

Evaluation of the reverse flow transient is initiated as the
top vent row is recovered. It is assumed that the water in

the weir annulus is at the top vent centerline and that its

upward velocity is zero.

Containment suppression pool water level is allowed to

decrease as water flows from the containment to the drywell.
The analysis is terminated when the containment suppression
pool water level drops below the bottom of the top vent row.

The velocity potential for the stream line adjacent to the
drywell wall and the non-steady state Bernoulli equation are
used to derive the impact velocity model.

Drywell to containment pressure difference time histories
were incorporated by a least squares fit of a fifth order
polynomial to the discrete pressures. The pressures
obtained considering three of the four vacuum breakers
opening was used. This case was used because it contains
the maximum wetwell to drywell pressure difference.
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8. The exit loss as the water clears the top of the weir wall

and the pressure loss due to grating were included.

9. Actual location and dimensions of reams in the drywell were
used to develop bounding load time histories.

10. The standard drag coefficient for grating was determined
using Reference 5.

11. Standard drag and lift coefficients ased in this calculation

are presented in Table :80.27-2-3,

12. 1Inertia drag coefficients, Cm' were determined using the
hydrodynaric masses obtained from Reference 6.

13. Pressure gradients within the weir swell jet in the vertical
direction were assumed to be negligible.

RESULTS

Figure 480.27-2-3 is a plot of the wetwell to drywell pressure
difference time history used in this calculation. This time
aistory is for the case with three of four vacuum breakers
operating. Both the fitted curve and the points used in
determining this curve are plotted. The fitted curve has a
standard deviation of approximately 0.026 from tne data points.

r:gure 480.27-2-4 is a plot of the velocity of the water in the
weir annulus above the top vent centerline versus time. The
water starts with an upward velocity of zero at the top vent
centerline and reaches the top of the weir wall (dashed vertical
ljne of Figure 480.27-2-4) at 1.87 seconds into the transient
with a velocity of 8.7 feet per second. A maximum velocity of
approximately 17.9 feet per second at the top of the weir wall,
is reached by the end of the transiert.

=3i=



Impact velocity versus the height relative io the top of the weir
wall (Elevation 735'9") is plotted in Figure 480.27-2-5.
Structures located within the weir annulus above the top vent
centerline and within 5 feet of the top of the weir wall will
experience impact loading. ™ maximum impact velocity of
approximately 9 feet per second occurs within the weir annulus
but diminishes to$ 1 foot per second within 2 feet above the top
of the weir wall,

Figure 480.27-2-6 is a plot of the drag load time histories for a
10-inch diameter pipe (10.75-inch 0.D.) at selected elevations.
Both standard and inertia drag are included. Drag loads are
presented per foot of pipe. A maximum load of approximately 384
pounds per foot is calculated for 10-inch diameter pipes located

within the weir annulus.

The drag load time history, for the grating at Elevation 737'0"
shown in Fiqure 480.27-2-7, is per square foot of gross grating
area. A maximum load of approximately 120 pounds per square foot
occurs. Figure 480.27-2-8 is a plot of the drag load time
histories for representative beams used to supgport the grating.
These loads are presented per foot of beam length. These loads
apply only to the section of the beam above the weir annulus. As
shown in Figure 480.27-2-8 maximum drag loads of 281 to 890
pounds per foot are a function of the size of the beam.

Weir swell impact loads are to be calculated using the
methodology presented in Table 480.27-2-2 (per Reference 4).
Pla. t specific impact velocities from Figure 480.27-2-5 are used
with this methodology to evaluate plant specific impact loads.

The impact velocity at the lower edge of the structure was used.
The impact duration, T , is dependent on the structure's
orientation as described in Table 480.27-2-2. 1t should be ncted
that per Reference 4, grating dozs not experience an impact load.
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Structures located within the drywell also will experience
fallback drag loads calculated using the methodology presented in
Table 480.27-2-3. Per Reference 4, impact loads are not
applicable during fallback. The zones of influence for weir
swell impact and fallback loads are shown on Figure 480.27-2-9,
Per Reference 8, the upper bounding streamline is represented by
a cycloid. The closest approach of the falling water to the edge
of the RPV biological shielding wall is approximately 12 feet.
The coordinates describing the upper swell boundary are listed in
Table 480.27-2-4.

Weir swell impact loads may be applied as static or dynamic
loads. When these loads are applied as static loads appropriate
dynamic load factors are used™® The impact and drag loads were
evaluated separately and the responses combined using an
appropriate method to obtain a response envelope. For a dynamic
analysis, the impact load history was superimposed on the drag
load time history. The resulting load envelope was applied to
the structure under investigation.

The loads presented in Figure 480.27-2-6 may be scaled to
conservatively approximate the loads on smaller diameter pipes
and conduits (less than 10.75 inches), may be approximated by
multiplying them by the ratio of the pipe or conduit diameter to
10.75 inches. It is not appropriate to use this ratio to scale
loads when the conduit is within one diameter of a boundary or an
adjacent structure (conduit, pipe, beam, etc.) where this
structure can interfere with the flow field and substantially
change the drag coefficients.

Results of these calculations show that structures located in the
weir annulus above the top vent centerline and within 5 feet
above rhe top of the weir wall are affected by weir swell.
Significaint impact and drag loads result from this phenomenon.

* As an example, see Reference 4, Figure 3B.30(c)-2
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COMPARISON WITH GESSAR-II

A comparison of GESSAR~-II and Clinton geometrical parameters in
Table 480.27-2-5, reveals the following:

The Clinton suppression pool volume is 4 15% larger
than the GESSAR standard 238 plant.

- The vent systems are similar except in the number of
vents. Clinton's vent flow area is ~~85% of the
standard plant flow area.

- The weir wall in the standard plant is some 2.3 feet
higher than the weir wall for Clinton.

- The weir annulus area to vent area ratio is less than
1.0 for the standard plant and greater than 1.0 for the
Clinton plant.

In terms of the weir swell modeling, the larger suppression pool
volume effect is to prolong the transient. Likewise, the effect
of a lesser number of vents is to reduce the rate of water flow
into the containment and thus extend the trans‘ -nt. The effect
of the extended duration is to mcre closely approach the steady
state maximum theoretical drag velocity.

The effect of the lower weir wall at Clinton is to decrease the
acceleration of the water as it passes through the vent/weir
system and for a given pressure differential, produce less
acceleration and lower velocities.

The effect of the weir annulus area to vent area ratio is to
effect a lower acceleration, thus a lower velocity at Clinton.

Teble 480.27-2-5 also contrasts pertinent assumptions used in the
tw> solutions. The most significant difference is in the

differential pressure assumptions. The standard plant assumption

X7



of a constant pressure differential and the steady state solution
leads to determination of only the maximum drag velocity. The
attendant time-history information must be assumed in order to
properly design the affected structures. The Clinton assumption
of a pressure differential time-history properly accounts for the
dynamics throughout the transient and leads to a more realistic
time history shape. The steady state drag velocity is as shown
in Figure 480.27-2-4. 2 further benefit of this assump*ion is
that the proper timing between the impact and drag loads is
established, thus eliminating the need to combine the maximum of
the two loads in an overly conservative manner.

The effect of the standard plant assumption related to the
hydrostatic head is to overstate the driving pressure
differential and thus the maximum drag velocity. The Clinton
assumption properly accounts for the lower driving pressure vhich
results from the suppression pool flowing into the vent/weir
systeuwu.

Since the standa.d plant solution is only directed toward the
maximum values, the initial water level assumptions are of no
consegquence However, the steady assumptions would underestimate
the velocities in the early portion of a time history if it were
produced. The Clinton assumption, zero velocity at the top vent
centerline, is conservative with respect to the expected
condition, zero velocity at the top of *ne top vent. This
assumption maximizes the acceleration and thus the impact
velocity during the early stages of the transient.

The friction loss assumptions affect primarily the maximum values
of the velocities. They also have a minor effect on the shape of
the time-history. The GESSAR-II assumptions were chosen to
assure that the maximum drag velocity was determined for
application to a wide range of situations. The Clinton
assumptions are believed appropriate for the Clinton plant.
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The pertinent results are the maximum velocities and the maximum
height of the weir swell phenomenon. The thrust of the GESSAR-II
analysis was to produce a conservative upper bound for these
parameters. This emphasis is reflected in the 30 feet per second
drag velocity and the 14 foot weir swell height. The more
realistic modeling for the Clinton plant results in a maximum
drag velocity of 18 feet per second and 5 foot weir swell height,
The effects of the larger suppression pool and higher maximum
pressure differential are offset by the effect of friction and
the time-history analyses.

The maximum impact velocity is determined during the initial
acceleration of the water slug in the weir annulus. The peak value is
reached prior to the water filling the weir annulus. Thus, the
highest impact velocities are limited to the weir annulus.

The GESSAR-II model has not considered the flow in the weir annulus
for impact loads. Thus comparison between the two models is not

possible for this flow regime.
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TABLE 480.27-2-1

FIGURE 480.27-2-2 NETWORK EXPLANATION

Node
Number Description

1 Pressure due to top vent submergence

2 Pressure due to middle vent submergence

3 Pressure due to bottom vent submergence

4 Loss at entrance

5 Friction loss (1)

6 Loss at tee junction

7 Loss at entrance

8 Friction loss (1)

9 Loss at tee junction

10 Loss a* entrance

11 Friction loss (1)

12 Loss at tee junction

13 Pressure loss due to elevation difference between
bottom and middle vents

14 Friction loss (1

15 Loss in tee junction

16 Pressure loss due to elevation difference between
middle and top vents

17 Friction loss (1)

1z Loss in tee junction

19 Pressure loss due to elevation difference between top
vent and top of weir wall

20 Friction loss (1)

21 Loss at exit and pressure loss due to grating

(1) Friction losses are assumed to be zero.
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TABLE 480.27-2-2%*

IMPACT METHODOLOGY SUMMARY

Determine the impulse per unit of target area from the
correlations given below. The impulse is given by an
exp:ression of the form

: = o V/32.2

where:
I = impulse per unit area (lbf-sec/ftz)
v = plant-unique transient jet front velocity at

structure location (see Figure 480.27-2-5)
and { depends on the target geometry as follows:

Cylindrical target & = 0.81D
Flat target A= 2.5W
with

D = target diameter (in)
W = target width (in)

An impulse duration of 2 msec for circumferential targets
and 6.8 msec for radial targets can be used per Reference 4.

Compute peak pressure from:

P

where: max = peak pressure (psi)

T = impulse duration (sec.)



TABLE 480.27-2-2* (Cont'd)

4. The impact pressure time history has the form:

P(t) = O.SPma (1-cos21 t/T ) (psi).

X

* per Reference 4, Table 3B.30(c)~-1
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TABLE 480.27-2-3

WEIR ANNULUS POOL SWELL FALLBACK DRAG LOAD

. C.oDV gAp _ 1
Fy pf + CH r vertical component load, (lbf/ft)

Be &c
where p = density of water (62.4 1bm/ft3)
9. = gravitation acceleration constant, (32.2 ft-lbm/sec-lbf)
D - diameter of pipe or width of beam, (ft)
v = freefall drag velocity, (ft/sec)
CD = standard drag coefficient
= 1.2 for pipes with no interference
effect
= 2.0 for flat surfaces with no
interference effect
CH = hydrodynamic mass coefficient
= 1.0 for pipes with no interference
effect
- 9.7 for W12x85 beams with no
interference effect
= 7.2 for W12x120 beams with no
interference effec%
= 5.0 for W14x370 beams with no
interference effect
= 4.9 for 1CG10 and 1CGl1l1 beams with no
i interference effect
g = acceleration due to gravity, (32.2 ft/sz)
Ag B cross sectional area of loaded structure, (ftz)

(1) Vertical loads are to be applied as a step function with a duration

of 11.75 sc¢conds.

(2) A duration >f 11.75 seconds should be used.



TABLE 480.27-2-3 (Cont'd)

v . vV 2x32.2(740.76 - y) (ft/sec)
v = the elevation under consideration, {(ft)
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TABLF 480.27-2-4

UPPER WELIR SWELL BOUNDARY

Radius from

RPV Centerline (ft) Elevation (ft)
26.59 735.75
26.61 735.90
26.73 736.34
27.05 737.01
27.63 737.83
28.51 738.71
29.68 739.53
31.12 740.20
32.76 740.63
34.50 740.75
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TABLE 480.27-2-5

COMPARISON OF WEIR SWELL PARAMETERS

PARAMETER GESSAR-IT CLINTON
ID 83'0" 790"
oD 120'0" 124'0"
High/Normal Water Level 205" 19'5"
Area in Wetwell 5900 ft2 7175 £t
Horizontal vents
- number 120 102
- diameter b I £27.5"
- submergence T/C/BONWL/HWL 7'6"/12°0"/16'5"  7'6"/12'0"/16'5"
- total flow area 495 £t 420 £t
Weir wall height 26'1" 239"
Area in drywell 482 ft2 455 £t

Modeling Assumptions

Driving Wetwell/Drywell 14.0 psid 0-15.7 psid
Pressure differential constant time-history
Static head of Suppression constant variable

pool based on HWL based on time

dependent water
level.

Initial conditions zero velocity zero velocity
at top of weir at of top vent
wall

.

Friction losses none entrance, exit
(exit loss for losses, grating
weir wall) losses.
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TABLE 480.27-2-5 (Cont'éd!

Results
Maximum drag ve2locity 30 ft/sec 18 ft/sec
Maximum impact velocity 10 ft/sec 9 ft/sec*
Maximum swell height 14 ft S5 fene

(above top of weir wall)

* Maximum impact velocity occurs in the weir annulus ( 3' from top
wall)

** Velocity is zero at this level.
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Figure 480.27-2-2

FIGURE 2

FLOW NETWORK
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Figure 9
Weir Annulus Pool Swell Zone of Application
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Figure 480.27-2-9
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NRC QUESTION NO. 480.27

In order to demonstrate the adequacy of the Clinton containment
design regarding LOCA- :lated hydrodynamic loads, the following
information needs to be supplied for our review.

3) Provide 'nd justify any modifications made to the
generic load definition for the Tlinton Confirmatory
Analysis.

RESPONSE

In addition to the loads discussed in the respnnse to Question
480.27-2, the two phase flow P load acting acros= the NZU
floor has bc2n calculated using Clinton unique parameters. These
calculations showed that P for Clinton would be 4.6 psi
instead of 11 psi given in the GESSAR. The calculations were
based on an open area of greater than 26% of the floor.
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REQUEST 480.28

In order to conform to the criteria of NUREG-0783, the applicant
should confirm that a single failure analysis has been performed
in the system design and power source to demonstrate that the
loss of the RHR heat exchangers and the RHR shutdown cooling mode

will not occur.

RESPONSE:

To meet the requircments of General Design Criterion 34 and as
indicated in CPS FSA: Appendix 15A, a single failure analysis has
been done on the shutdown cooling system of the RHR system
(Reference Article 15A.(.2.3, event 18, and Figure i5A.6-18 which
addresses shutdown cooling specifically'.

In the unlikely eve:® that offsite power is lost, and assuming
the worst-ca.e failure t» be the loss of one division of
emergency power, actuatior of one »>f the shntdown cooling line
valves to the open position would be prevented. 1In the
postulated single failure described above, the single shutdown
suction line will be unable to draw water frca the vessel for the
cooldown operation.

Civen the unlikely condition that suction line isolation loss
occurred and could not be corrected by operator actions,
alternate shutdown cooling would be achieved using redundant
safety grade equipment.




