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C E S S A R Ennnc m ou

O
1.0 EOUATIONS OF MOTION

The equations of motion used in the Finite Difference Analysis of
Section 3.6.2.2.2.2 are of the form:

Y -Mk-1) (3.6A-1)h (pk ~ "k k * ~"X+1 + 2Mk
where:

the nodo spacingh =

the externally applisd lateral loads at node kP =
k

the lumped mass at. node km =
k

yk the lateral deflection at node k=

the internal resistir,g moment in the beam at nodeM =
k

k. E

l

Power law moment curvature relationship is assumed and the
central difference approximation for the curvature, ;

(~Y +1 + 2yk ~Yk -1) (3.6A-2)=
k

| is used.

| A timewise central-difference scheme is used to solve the dynamic
equations !

y(t + At) = At y(t) + 2y(t) - y (t - At) (3.6A-3)
l

and for the first time step |

2
y(t) = At y(0) (3.6A-4)

A time step equal to 1/10 the shortest period of vibration in
used in the integration.

2.0 ELASTIC-PLASTIC MOMENT-CURVATURE LAW

| The pipe is assumed to obey an elastic-strain hardening plastic
| moment-curvature law with isotropic strain hardening. The

symbols used are defined as follows: I
!

moment iM =

E current yield moment=

Amendment E
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elastic modulus of material at temperatureE =

moment of inertiaI =

IEZ =

curvature4 =

M/Z = elastic curvatureo =
c

increment of plastic curvatureAt =
p

c|Ao| = effective plastic curvatureo =
p

cA& = permanent s't curvat aret =
g p

At the end of each integration step, new values of 4 are
calculated at each node.

The known values of e,& and M at the start of the step are,

used to calculate M, EPand 64 by the following procedure:
P

if |c - to| < E/Z
M=Z (4 -4g) (3.6A-5) E

and

A& =0 (3.6A-6)p

o | > 5/Zif |t --

g

M = 5 = F(|4 -o|+fp) sin (t -o)g g

and

A4 =0 -o - M/Zg

where

F (t) =K (4 ) n.

3.0 POWER LAW MOMENT-CURVATURE RELATIONSHIP

The following stress strain law is assumed in the plastic range:

a =K (c )" (3.6A-7)

Thecorrespondfngmoment-curvaturelawis:
M=K (4) (3.6A-8)

Amendment E
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where:

3 + n (3 +n _ p 3+n) D (1/2)n + 112U 3
E (3.6A-9)Ku o i ['[(1/2)n + 3/2]

or, to a good approximation,

K=3 (1 - .291n .076nh @g -R (3. G-10)y

in which:

pipe outside radiusR =
g

pipe inside radiusR =
y

In the clastic range the moment-curvature law is:

| M = EI4 (3.6A-11)
{

The transition from elastic to plastic behavior on. initial
loading occurs at:

J__
(EI)n-1 i

&= (3.6A-12)K
,
.

4.0 STRAIN RATE EFFECTS E

The effect of strain rate in carbon steel is accounted for by
using a rate dependent stress strain law of the form-

,

1/5.

cr (4, i) ={1+ (40.4)) G(c) (3.6A-13)

Where G(c) is the static stress stain relationship. For
stainless steel, the effect of strain rate is less pror3ouriced so
that a 10% increase in yield and ultimate strength is used.

5.0 RESTRAINT BEHAVIOR j

The analysis is capable of handling a bilinear or power law
restraint behavior. The behavior of the restraint is ,

unidirectional. The restraint unloads elastically only to
zero state, being left with a permanent set, and . reloads
along a bilinear or power law curve.

/~'(

Amendment E
3.6A-3 December 30, 1968

l
I - - - - _ _ _ _ _ _ -



__- -_-_- - _

O 3.7 SEISMIC DESIGN

V
3.7.1 SEISMIC INPUT!

3.7.1.1. Design Resjonse Spectra

This section discusses the seismic design of those systems and sub-systems
important to safety and classified as Category I in Section 3.2.

The System 80 standard Design as defined by CESSAR is not based on a specific
site, therefore seismic and geologic information cannot be provided.
Seismic response spectra which envelope actual design requirements for
current System 80 plants are provided in Figures 7.3.1-1 through 3.7.1-4.
These spectra reflects responses for several different building types
located throughout the continental United States.

The response spectra shown in Figures 3.7.1-1 thru 3.71-3 are applicable
to the upper most horizontal support on the component named. Figure 3.7.1-
4 is applicable to the vertical supports of all of the RCS major components.

The effect of differential seismic displacement on the equipment and supports
is included in the site specific analysis of the Reactor Coolant System
described in Section 3.7.2.1.

CE provides the followin:g to assist the Applicant in his design of support
structures:(qV) a) A simplified mathematical model which accounts for the mass and stiffness

properties of the System 80 system, suitable for coupling with the
mathematical model of the supporting structures and foundations.

b) A set of design basis seismic loads transmitted from the System 80
ssystems to the supporting structures at all support locations. '

c) The set of design be. sis floor response spectra at each support location,
upon which the design basis loads are based.

{

The final verification of the design basis seismic loads is performed as
described in Section 3.7.'2 and 3.7.3, based on the site specific seismic
excitations provided by the Applicant.

3.7.1.2 Design Time History

See Applicant's SAR for site specific information.

3.7.1.3 Critical Damping Values

| Critical damping values used for Category I Systems and Components are
'

given in Table 3.7.2-1.

3.7.1.4 Supportingedia for Category I Structures

See Applicant's SAR.
3
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3.7.2 SEISMIC SYSTEM ANALYSIS

3.7.2.1 Reactor Coolant System

3.7.2.1.1 Introduction

The major components of the Reactor Coolant System are designed to the
appropriate stress and deformation criteria of the ASME Code, Section III
for the set of loadings included in the component design specification.
The adequacy of seismic loadings used for the design of the major components
of the reactor coolnat system are confirmed by the methods of dynamic
analysis employing time-history and response spectrum techniques. The
major components are the reactor vessel, the steam generators, the reactor
coolant pumps, the reactor coolant piping and the pressurizer.

In order to account for possible dynamic interaction effects between the
components, a composite coupled model is employed in the dynamic analysis
of the reactor vessel, the two steam generators, the four reactor coolant
pumps and the interconnecting reactor coolant piping. The analysis of
these dynamically coupled multisupported components utilizes different time
dependent input excitations applied simultaneously to each support. Thus,
the effect of differential seismic displacements on the equipment and
supports is accounted for. In addition, the representation of the reactor
vessel assembly used in this coupled model includes sufficient detail of
the reactor internals to account for possible dynamic coupling from the
reactor coolant system supports to the internals. The results of the
analysis of the coupled components of the reactor coolant system include an
appropriate time history forcing function used in a separate analysis of a
more detailed model of the reactor internals.

A representation of the coupled components, of sufficient detail to account
for possible dynamic coupling effects from the containment internal support
structure to the reactor coolant system components, is supplied to the
Applicant for performing the analysis of the containment internal support
structure. The results of the analysis of the containment internal support

istructure include the time history forcing functions for use in the separate '

analysis of the more detailed model of the coupled components of the reactor
coolant system.

The analyses of the pressurizer and the surge line piping employ separate,
uncoupled, mathematical models and utilize either response spectrum or
time-history techniques.

In the analyses, dynamic responses to vertical seismic excitation are
combined with the responses to seismic excitations in two orthogonal hori-
zontal directione See Section 3.7.2.1.4 for methods of combination of
resul's from exc 3 cations in three orthogonal directions.

The square root of the sum of the squares methods will normally be used to
combine the modal responses when the response spectrum modal analysis
method is employed. In those cases, however, where modal frequencies are

iclosely spaced, the responses of the closely spaced modes will be combined I

l
3.7-2
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' by the sum of the absolute values method and, in turn, combined with the
responses of the remaining significant modes by the square root of the sum

.

of the square method.

Contributions from all significant modes of response are retainbd in the
analyses.

The damping factors used in seismic analysis of Category I structures,
systems and equipment are selected from Table 3.7.2-1. Modal damping
factors of 2 to 3 percent of critical and 1 to 2 percent of critical for
the SSE and OBE, respectively, are used in the seismic analysis of the I
coupled components of the reactor coolant system. Modal damping factors
of 1 to 2 percent of critical and 1/2 to 1 percent of critical for the SSE and
OBE, respectively, are used in separate seismic analyses of branch runs of !

|piping for which C-E has responsibility for supply, such as the curge line
piping. The damping factors given in Table 3.7.2-1 include and are in
agreement with those recommended in Regulatory Guide 1.61.

The dynamic analyses of the major components of the reactor coolant system
to confirm the seismic adequacy of the design are scheduled for completion
such that a report of the results will be included in the Applicant's FSAR.

3.7.2.1.2 Mathematical Models

In the descriptions of the typical mathematical models which follow, the
spatici orientations are defined by the set of orthogonal axes where Y isp) in the vertical direction and X and Z are in the horizontal plane, in the

6

V directions indicated on the appropriate figure. The mathematical representa-
tion of the section properties of the structural elements employs a 12 x 12
stiffness matrix for the three-dimensional space frame models, and employs i

a 6 x 6 stiffness matrix for the two-dimensional plane frame model. Elbows
in piping runs include the in-plane /out-of-plane bending flexibility factors
as specified in the ASME Code, Section III.

The methods used to combine the responses due to the different components
of Earthquake Motion are described in Section 3.7.2.1.4 for the dynamic
seismic system analysis, and in Section 3.7.3.6 for the seismic subsystem
analysis.

Reactor Coolant System - Coupled Components

A schematic diagram of the typical composite mathematical model used in the
analyses of the dynamically coupled components of the reactor coolantI

system is presented in Figure 3.7.2-1. This model includes 30 mass points
with a total of 83 dynamic degrees of freedom. The mass points and corres-
ponding dynamic degrees of freedom are distributed to provide appropriate
representations of the dynamic characteristics of the components, as follows:

,

the reactor vessel, with internals, is represented by 4 mass points with a
total of 11 dynamic degrees of freedom; each of tFe two steam generators is

i represented by 4 mass points with a total of 10 dynamic degrees of freedom,
each of the four reactor coolant pumps is represented by 2 mass points with
a total of 6 dynamic degrees of freedom; and each branch of piping isO represented by a mass point with 3 dynamic degrees of freedom. The represen-

,

tation of the reactor vessel internals is formulated in conjunction with

Amendment No. 1
3.7-3 February 20, 1981
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the analysis of the reactor vessel internals discussed in Section 3.7.3.14,
and is designed to simulate the dynamic characteristics of the models used
in that analysis.

The mathematical model provides a three-dimensional representation of the
dynamic response of the coupled components to seismic excitations in both
the horizontal and vertical directions. The mass is distributed at the
selected a sc points and corresponding transnational degrees of freedom are
retaindd to include rotary inertial effects of the components. The toatl
mass of the entire coupled system is dynamically active in each of the
three coordinate directions.

Pressurizer

The mathematical model employed in the analysis of the pressurizer is shown
schematically in Figure 3.7.2-2. This lumped parameter, 3-dimensional
model provides a multimass representation of the pressurizer which includes
6 mass points with a total of 13 dynamic degrees of freedom.

Surge Line
!

The lumped parameter, multimass mathematical model employed in the analysis
of a typical surge line is shown schematically in Figure 3.7.2-3. The

)surge line is modeled as a three dimensional piping run with end points
1anchored at the attachments to the pressurizer and the reactor vessel
|outlet piping. In the definition of this particular mathematical model, 10 !

mass points with a total of 27 dynamic degrees of freedom were selected to
provide a three-dimensional representation of the dynamic response of the

jsurge line. All supports defined for the surge line assembly are included i

in the mathematical model. The tot 01 mass nf the surge 1 %e is dynamically
active in each of the three coordinate directions.

3.7.2.1.3 Calculations

General
i

The general matrix form of the undamped coupled equations of motion can be
written (Reference 8) as follow:

MX + KU = F (1)

Where X represents the absolute acceleration of the mass point dynamic
.

degrees of freedom, and U represents the displacements of the mass and I
support point dynamic degrees of freedom relative to a datum support which !

is chosen to eliminate free body motion.

Expanding Equation (1) gives:
r

X,~q K K U 0q, M, O ,mm ms m =

L'D M j _X j _sjk K U Is s _ sm ssj s_
,

3.7-4
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!

M = a diagonal submatrix of the system model lumped masses.
m

M" = a submatrix of inertia terms associated with the support joints of the
system. For the purposes of this analysis, M = 0, because there is

sno mass lumped at support joints. i

i

F = the reaction forces at the system support points due to the response
s of the system to the motion of the supporting structure.

K = the stiffness matrix of the system model condensed in a manner such 'j

that only mass point elements (subscript m) and active, non-released,
non-datum support elements (subscript s) remain in the matrix. (The
method used for this analysis employs the choice of a datum support to
eliminate free body motions.) 4

1

U = displacement of mass point dynamic-degrees-of-freedom relative to the ]m datum support, j
1

U = displacement of support points relatvie to the datum support. l
3

..

X = absolute acceleration of the mass point dynamic-degrees-of-freedom of
m the model. i

|

X = absolute acceleration of the <, , tem support points.
s

|

| The first equation of the set of equations (2) yields

M,X +K + K,3 3 =0 (3)i 0
m mm m

A separation of variables can be achieved by defining the absolute motion j

of a r.. ss point in terms of motion relative to the datum support, such -|
that:

b"m~YX (4)
m sd

y = a vector defining the direction of excitation, such that:

th
y4 = 1, if the i dynamic-degree-of-freedom is in the direction of support

motion, or

th
y4 = 0, if the i dynamic-degree-of-freedom is not in the direction of

support motion.
"

X = the absolute acceleration of the datum support in a given direction.
sd

Equation (5) then becomes:

+K,,U,=-M,yE -K U (5)M
3d ms smm

At this point it is to be noted that the equations of motion are in a form
expressing three dimensional response of the system mass points, due to

[
multiple support excitations in a single direction. Methods for determination

x of the responses due to two or more directions of excitation are discussed
later in this presentation.

3.7-5
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Introducing the normal mode co'rdinate transformation:

U = $q,
(6)

where: $ = the matrix of eigenvector,
|

then the equations of motion can be uncoupled and written in the followinr|
form;

h+2(wq+wq=_g,Tg ) 1 (,T2 -

jgy( d +$Kms g), (7)u

2where: w = diagonal matrix of eigenvalues,
& = matrix of eigenvector, and
2(w = diagonal matrix of model damping terms.

Having the stiffness and mass properties of the model, the eigenvalue
solution, and the digitized support excitations X and V eq (7) can be
solved in closed form for the time histories of t d mass ho, int responses,
U, and X,.

Frequency Analysis

An eigenvalue analysis is perfomed utilizing the ICES STRUDL II computer
! code, Reference 5, to calculate the mode shapes and natural frequencies of

the composite mathematical models. Modifications to the standard ICES
STRUDL II program have been implemented by Combustion Engineering to include
a Jacobi diagonalization procedure in the eigenvalue atalys!s, and to
prc, 'e appropriate influence coefficients and stiffness matrices for use
in the response and reaction calculations.

i

The natural frequencies and dominant degrees of freedom calculated for
typical systems are shown in Tables 3.7.2-2 and 3.7.2-3 for the Reactor
Coolant System, the surge line and the pressurizer.

Mass Point Responst Analysis

The time history of mass point responses to seismic excitatien are computed
using TMCALC, a C-E code. This code performs a closed form integration of

ithe equations of motion for singly or multiply supported dynamic systems
utilizing normal mode theory. For the multiply supported systems, the
separate time histories of each support are imposed on the system simul-
taneously. The results are time history responses of the mass points.

The mass point responses resulting from spectrum analysis are found utilizing
the li'ES STRUDL 11 computer code. This code performs a normal mode response
spectrum analysis resulting in the modal inertial loads at each mas: point.
The mass point responses of the pressurizer are found using the response!

spectrum for the pressurizer support. The mass point responses of the
i surge line are found using an envelope of the spect.ra fur the s' urge line

noz21es on the interconnected major components.

O
3, 7- 6
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O A description of the TMCALC code is given in Appendix 3A.
JSeismic Reaction

The dynamically induced loads at all system design points due to the superimposed
time history support excitations and mass point responses are calculated
utilizing FORCE, a C-E computer code. This code performs a complete loads
analysis of the deformed structure at each incremental time step by computing ,

8internal and external system reactions (forces and moments) by superposition
of the reactions due to the mass point displacements and the non-datum
support displacements.

'l
!A description of the FORCE code is given in Appendix 3A.

Influence coefficients for each desired reaction are computed for the
effect of unit displacements of each mass point and each non-datum support.

i There is a complete set of mass point and support influence coefficients'

for each component of force, moment, stress, or displacement to be computed
at the locations of interest throughout the system. The g hen support ,

Idisplacements and computed mass point displacements at eace. time step are
multipled by the set of influence coefficients, to perform a complete
reaction analysis of the system et each time step.

The desired t.amponents of reaction (force, moment, stress, or deflection)
are computed at each time step as follows:

R(t) = C,U,(t) + C U (t), (8) fss

where:

R(t) = a vector of reaction components at time t,

'

C* = a matrix of mass point unit displacement influence coefficients
(one column per mass point and one row per reaction component),

C. = a matrix of non-datum support unit displacement influence
* coefficients (one column per non-datum support and on row per

reaction component),

V,(t) = a vector of mass point relative displacements at time t, and

U (t) = a vector of non datum support relative displacements at time t.
3

! In a sirailar manner, the absolute acceleration of any po.rt in the system
can be computed by multiplying the mass point and support relative accelerations
by the influence coefficients for displacement reactions, and adding in the
datum support absolute acceleration, as follows:

k(t) = yk (t) + C,U,(t) + Cs s(t), (9)sd

|

1
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l

where:

R(t) = a vector of absolute acceleration components at time t, ;

|
..

Xsd(t) the absolute acceleration of the datum support at time t,

| C = a matrix of mass point unit displacement influence I*
coefficients for components of displacement reactions, )

. |

U,(t) = a vector of :.. ass point accelerations relative to the datum |
at time t,

1 j
,

1 (i a matrix on non-datam sgnport unit displacement influenc=
' " coefficients for components of displacement reactions, and i

l,..

U (t) a vector of non-datum support relative accelerations at
!

:
i s time t. i
I

f
j y = a vector d9 fining the direction of excitation, such that:

thy. = 1, if the i componer.t-of-reaction is in the direction ofI support motion, or
i thI

y4 = 0, if the i component-of-rer-ction is not in the riirection
of support motior,.

This method, therefore permits the calculation of any desired force or
moment, or non-mass point motion, on a time-history basis. '

,

Using this linear superpt,sition approach, the simultaneous results from two
or more directions of excitation can be combined at each time step. Two or
more c.ets of aass point displacement responses and support point displacement
excitations are combined at each time step prior to the influence coefficient
multiplications.

The support and mass point displacements due to both horizontal and the
vertical seismic excitations are added at eacn time step. The maximum
component of each reaction for the entire time domain, and its associated
time of occurrence, are selected.

The maximum reactions for the pressurizer and surge line resulting from the
response soectrum analysis are found by applying the modal inertial loads
for each mode to the structural model using the STRUDL computer code. The
design point reactions due to each modal loading are comboned by STRUDL by
summing the a~osolute values and by Root-Sum-Square of the modal reactions,
as appropriate. The surge line analysis includes consideration of the
relative end displacements. The reactions found by statically imposing the
maximum relative displacemetns of the two ends of the surge line are included
with the inertial response from the spectrum analysis.

O
3.7-8
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( 3.7.2.1.4 Results
V

The reaction (forces and moments) at all design points in the system,
obtained from the dynamic seismic analysis, are compared with seismic loads s

in each component design specification. The results of this comparison are
suminarized in tabular form for the points of maxtmum calculated load.

,

IThe maximem response due to each of the three components of the earthquakc i

. notion are calculated separately on a time history basis and combined by i

i,ae SkSE method, l

1

When the three components of earthquake motion are statistically independent, )the maximum responses are calculated by a simultaneous application of i

motion resid ting from all three .cmponents of earthquake. In either case
the maximum seim.ic loa 6L calculated by the time history techniques are the
result of a search and comparison over the entire time domain of each
individual component of load. The maximum ca 'culated components of load

Jfor each design 16 cation do not in general occur at the same time and j

therefore use results in a conservative worst case. "

The maximum seismic loads calculated by the response spectrum techniques
are the result of combining the modal reactions due to both horizonatal and
vertical excitations. The method of modal combination is discussed in,

Section 3.7.2.5. The maximum responses due to each of the three earthquake
components are then co.nbined by the SRSS method.

( 3.7.2.1.5 Conclusion

It is conc?uded that the seismic loadings specified for the design of the
reactor ceolant system components and supports are adequate, when all
seismic loads calculated by the dynamic seismic analysis are less than the

,

corresponding loads in the component design specification. |

3.7.2.2 Natural Frequencies and Response Loads

This section is provided in the Applicant's SAR.

3.7.2,3 Procedure Used for Modeling

This procedure used for modeling NSSS components and interr,onnecting piping
are described in Section 3.7.2.1.?.

3.7.2.4 Soil / Structure Interaction

See Applicant's SAR.
1

3.7.2.5 Development of Floor Response Spectra

See Applicant's SAR.

OO
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3.7.2,6 Three Components of Earthquake Motion 1

The procedures for considering the effects of three componer,ts of earthquake
notion in determining the seismic response of NSSS systems, components and
supports are discussed in Section 3.7.2.1.4

3.7.2.7 Procedure for Combining Modal Responses 1 |

|

The square root of the sum of the squares method is the procedure normally )
used to combina the modal responses when the modal analysis response spectum J

method of analysis is employed. The procedure is modified only in two cases:

I

,!

I
i

l
l

O

j

l
1

)
{
<

I

I.

O1
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a. In the analysis of simple system where three or less dynamic degrees-
of-freedom are involved, the modal responses are combined by the >

summation of the absolute values method;

b. In the analysis of complex systcms where closely spaced modal frequencies
are encountered, the responses of the closely spaced modes are combined
by the summation of the absolute values method and, in turn, combined
with the responses of the remaining significant modes by the square
root of the sum of the squares method. Modal frequencies are considered
closely spaced when their difference is less than 110 percent of the
lower frequency.

3.7.2.8 Interaction of Non-Category I Structures with Seismic
"Category I Structure

See Applicant's SAR.
I 1

3.7.2.9 Effects of Parameter Variations in Floor Response Spectra

See Applicant's SAR.

3.7.2.10 Use of Constant Vertical Static Factors

| A constant seismic vertical load factor is not used for the seismic design
| of Seismic Category I structures, components and equipment.

3.7.2.11 Torsional Effects of Eccentric Masses 1

| The mathematical models used in seismic analysis of Category I systems,
I components, and piping systems include sufficient mass points and corresponding
.

dynamic degrees-of-freedom to provide a three-dimensional representation of
' the dynamic characteristics of the system. The distribution of mass and

the selected location of mass points account for torsional effects of
valves and other eccentric masses.

3.7.2.12 C_omparison of Responses 1

See Applicant's SAR.

| 3.7.2.13 Methods for Seismic Analysis of Dams
1

See Applicant's SAR.

3.7.2.14 Determination of Seismic Category I Structure Overturning
Moments

~

j

See Applicant's SAR.

3.7.2.15 Analysis Procedure for Damping )
i

1 !Uniform modal damping factors given in Section 3.7.2.1.1 are used in the
analysis of the coupled components of the reactor coolant system.

'Prc edures for accounting for system damping are included in Section 3.7.2.1.3.

i Amendment No.1

|
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TABLE _3.7.2-1 |_

O DAMPING VALUES USED IN ANALYSIS OF CATEGORY l

STRUCTURES, SYSTEMS AND COMPONENTS

)
Maximum Allowable
Damping percent of

critical viscous damping-

IOperational Basis Safe Shutdown
Item Earthquake Earthquake

-

-

Equipment and large diameter piping
systems, pipe diameter greater |
than 12 inches 2 3 i

I

Small diameter piping systems,
diameter less than or equal
to 12 inches 1 2

Welded steel structures 2 4

Bolted steel structures 4 7 |

O )
1

;

O
Amendment No. 1
February 20, 1981
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TABLE 3.7.2-2

'

|
(Sheet 1 of 2)

'

I

NATURAL FREQUENCIES AND DOMINANT DEGREES _0F FREEDOM i

l
'

REACTOR COOLANT SYSTEM

Dominant Degees of Freedom
!Mode Frequency

Number J CPS) Jcint Number Direction Locations )
!

1 1.75 9911 2 Reactor Internals 1

2 1.74 9911 X Reactor Internals 1

3 12.18 9916 Z R.V. Top Mass
4 13.06 9916 X R.V. Top Mass
5 17.43 404, 3404 X S.G Top Masses |
6 17.54 4103, 2103, etc. X Top Masses of all RCP !

7 17.63 2103, 4103 X Top Masses of RCP 1B & 2B ,

8 17.67 1103, 5103 X Top Rasses of RCP 1A & 2A !

9 17.83 3408, 408 Z S.G. In?.ernals
10 17.83 408, 3408 Z S.G. Internals j
11 17.S4 4103, 2103 X Top Masses of RCP 1B & 2B
12 18.00 5103, 1103 X Top Masses of RCP 1A & 2A
13 19.76 9995 Z R. V. Lower Mass, I

14 20.23 9911 Y Reactor Internals
15 21.02 2103, 4103, etc. Z Top Masses for all RCP
16 21.02 5103, 4103, etc. Z ' Top Masses for all RCP
17 21.02 1103, 5103 Z Top Masses of RCP 1A & 2A
18 21.02 2103, 4103 Z Top Masses for RCP 1B & 2B
19 22.34 5103, 1103, etc. Y All RCP ,

20 22.36 1103, 5103, etc. Y All RCP |
21 22.36 4103, 2103, etc. Y All RCP

'

22 22.36 2103, 4103, etc. Y All RCP
23 23.11 9905, 9995 X RV Internals & Externals
24 24.16 404, 3404 Y S.G. Externals
25 25.23 3404, 404 Y S.G. Externals j

26 24.55 408, 3408 X S.G. Internals i

27 25.89 9905 X R.V. Internals |

28 29.37 404, 3404 Z S.G. Top Masses j
29 29.37 3404, 404 Z S.G. Top Masses !

30 30.05 2580, 4580 Z, Y C.L. Piping j

31 32.12 4580; 2580 Z, X C.L. Piping !

32 32.40 9911 Y Reactor Internals I

33 32.46 1580, 5580 Z, X C.L. Piping j
'

34 32.53 5580, 1580 2, X C.L. Piping
35 36.14 5580, 1580 X C.L. Piping j

35 36.40 4580, 2580 X C.L. Piping ]
37 36.44 ~5580, 1580 X C.L. Piping i

33 36.51 2580. 4580 X C.L. Piping i

}9 39.41 2500, 4580 X C.L. Piping ;

49 39.79 1580, 5580 X C.L. Piping j
!

s

|
|
1
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j TABLE 3.7.2-2 (Cont'd.) (Sheet 2 of 2) |
|

NATURAL FREQUENCIES AND DOMINANT DEGREES OF FREEDOM

REACTOR COOLANT SYSTEM

| Dominant Degrees of Creedom
_ !

Mode Frequency
Number (CPS) Joint Number Direction Locations

41 39.81 4580, 2580 X, Z C.L. Piping
42 39.91 1580, 5580 X, Z C.L. Piping

,

43 41.78 5580, 1580 X, Z C.L. Piping
44 44.99 9995 X R.V. Lower Mass
45 47.85 412, 3412, etc. X S.G. Internals
46 48.04 3412, 412, etc. X S.G. Internals !

47 48.39 412, 3412, etc. Z S.G. Internals |
48 48.39 3412, 412, etc. Z S.G. Internals i
49 51.05 412, 3412 X S.G. Internals i

50 51.11 3412, 412 X 5.G. Internals

|

$

|

.

I O

_ _
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TABLE 3.7.2-3

NATURAL FREQUENCIES AND DOMIN.A,NT DEGREES OF FREEDOM

PRESSURIZER AND SURGE LINE 1

!

Dominant Degrees of Freedom
_ _

Mode Frequency
Number (CPS) Joint Number Direction Locations ;

l

1 29.17 135 X Pressurizer
l

2 29.19 136 Z Pressurizer
3 40.05 135 Y Pressurizer

'
4 54.68 135 X Pressurizer

| 5 54.71 135 Z Pressurizer i

6 116.31 110 X Pressurizer j

7 116.34 110 Z Pressurizer i

8 185.72 135 X Pressurizer !

9 185.8i 135 Z Pressurizer 1

- 10 221.80 110 X Pressurizer i

| 11 221.84 110 Z Pressurizer !

'

12 307.48 125 X Pressurizer '

13 307.48 125 Z Pressurizer ;

G1|

1 5.75 7, 8, H3 Y Surge Line
2 11.29 5, 7, H1 X Surge Line|

| 3 10.98 5, H1 Y Surge Line
4 21.79 8, 9, H3 Z Surge Line
5 25.81 9, H3 Y Surge Line
6 32.12 8, 9 X Surge Line
7 40.35 10 X Surge Line
8 73.64 5 Z Surge Line
9 108.52 3 X Surge Line

10 129.12 10 Y Surge Line
li 151.51 7, H3 X Surge Line
b? 155.03 7 Y Surge Line
13 174.76 7, H1 Y Surge Line
14 186.39 H1 X Surge Line
15 229.90 10, 11 Z Surge Line
16 260.38 11 X Surge Line
17 304.86 3 Y Surge Line
18 320.52 7 X Surge Line
19 503.60 H1 X Surge Line
20 525.21 8 Y Surge Line
21 535.87 8 X Surge Line
22 542.64 11 : Surge Line
23 668.06 4 X Surge Line
24 752.11 4 Z Surge Line
25 938.66 11 Y Surge Line
26 1327.41 8 Z Surge Line'

27 1807.5G 4 Y Surge Line
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3.7.3 SEISMIC SUBSYSTEM ANALYSIS

The discussion presented in this section describes procedures employed in
Q seismic subsystem analysis.

|

3.7.3.1 Seismic Analysis Methods j

Analysis methods used for the major components of the reactor coolant system,
defined and analyzed as a " seismic system", are described in Section 3.7.2.

Seismic analysis methods used for the reactor internals, fuel assemblies, and ;

control element drive mechanism are given in Section 3.7.3.14.
6

Mechanical systems and components and Category I instrumentation and electrical
equipment supplied by the NSSS vendor are analyzed in accordance with the methods
described in Sections 3.9 and 3.10, respectively.

3.7.3.2 Determination of Number of Earthquake Cycles :

The procedure used to account for the fatigue effect of cyclic motion
associated with the OBE recognizes that the actual motion experienced
during a seismic event consists of a single maximum or peak motion, and
some number of cycles of lesser magnitude. The total or cumulative fatigue
effect of all cycles of different magnitude will result in an equivalent ;

|cumulative usage factor. The equivalent cumulative usage factor can also
Ibe specified in terms of a finite number of cycles of the maximum or peak

motion. Based on this consideration, Seismic Category I subsystems, compo-
p nents, and equipment are designed for total of 200 full-load cycles about a
g j mean value of zero and with an amplitude equal to the maximum response

i
produced during the entire OBE event. i

v

3.7.3.3 Procedure Used For Modeling
i

Modeling of reactor internals, core, and control element drive mechanisms is
described in Section 3.7.3.14. Modeling procedures used for analysis of NSSS 6
vendor supplied auxiliary components are given in Section 3.9.3.

3.7.3.4 Basis for Selection of Forcing Frequencies

The basis for acceptability of the seismic design of equipment and subsystems
is that the stresses and deformations produced by vibratory motion of the
postulated seismic events, in combination with other coincident loadings,
be within the limits established by applicable codes and standards
in Section 3.9.3 of CESSAR. 6

Within practical limitations, the seismic design is accomplished in a
manner to maintain the resonant frequencies well above the range which i's
significantly excited by the forcing frequencies. If the stresses and
deformations resulting from analysis of the preliminary design exceed
the established acceptable limits the stiffness of the restraint and
supports system is modified as required to maintain the fundamental frequen-
cies of equipment and subsystems sufficiently removed from the resonant

,q range and, thereby, maintain the seismic response within the loads given in
the component design specifications. The subsystem supports design is 6

Amendment No. 6
3.7-11 November 20, 1981
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sufficiently adaptable that, dependent on the quantitative change in frequency
required and the subsystem involved, modifications can be made either by
changina the stiffness of existing support assembly coniponents or by adding i

additional support system restraints to the subsystems or components whose !

response otherwise exceeds the established limits. {

If, during the arclysis of the preliminary design, frequencies of the reactor coolant
system were found to be in the range of resonance with those of the building,
the supports for each of the components could be modified to increase their
natural frequencies.

Specifically, the fundamental frequencies of the reactor vessel can be increesed
in both horizontal directions by the welding of a set of keys to the RV to
further restrain lateral motion or rotation of the vessel. The keys would be
laterally restrained by a structure supported by the primary shield wall.

The RCP moves in all three directions when seismically excited in any one
direction. The fundamental frequency of the RCP can be raised by relocating
the snubber from the top of the motor mount to tne top of the motor. The

1 orientation of the snubber would remain unchanged.

The SG frequency can be raised in the direction parallel to the axis of the
RV outlet piping by the addition of a second set of snubbers and levers and
in the direction perpendicular to the axis of the RV outlet piping by ani

! additional set of keys above the original set.

See Section 3.9.3.1.3.1 for auxiliary components. '

3.7.3.5 Use of Equivalent Static Load Method of Analysis

The equivalent static load method is limited to analysis of components which
can be realistically represented as single-degree-of-freedom systems or by

6 lsimple beam or frame type models. This method involves the multiplication j
of the total weight of the equipment or component member by the specific seismic !

acceleration coefficient. The magnitude of the seismic acceleration coefficient I

is established on the basis of the expected dynamic response characteristics
of the component. Components that can be adequately characterized as a
single-degree-of-freedom system are considered to have a modal participation
factor of one. Seismic acceleration coefficients for simple multi-degree of |6

I

|

l
1

|
|

Amendment No. 6 |
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freedom systems, which may be in the resonance region of the amplified
response spectrum curves, are increased by 50% to account conservatively for
the increased modal participation.

' 3.7.3.6 Thr'ee Components of Earthquake Motion

Procedures for considering the effects of three components of earthquake motion
in determining the seismic response of NSSS vendor supplied seismic subsystems
and components are in accordance with Regulatory Guide 1.92.

Section 3.7.3.14 discusses the procedures used in the analysis of reactor 6
internals, fuel assemblies, and control element drive mechanisms. Procedures
for considering the effects of three components of earthquake motion for
auxiliary components are provided in Section 3.9.3.1.

3.7.3.7 Combination of Modal Response

See Section 3.7.2.7.

3.7.3.8 Analytical Procedures for Piping i

The interconnecting piping of the major components of the reactor coolant
6system is included in the seismic system analysis described in Section 3.7.2.

3.7.3.9 Multiply Supported Equipment Components With Distinct Inputs

The criteria and procedures used for seismic analysis of the multiply supported
major components of the reactor coolant system are described in Section 3.7.2;f analysis methods used for the reactor internals and fuel assemblies are given
in Section 3.7.3.14.

Other seismic subsystems supported at two or more locations are analyzed using
6an upper bound envelope of all individual support response spectra to calculate

maximum inertial responses. Responses due to relative support displacements, ,

imposed on the supported subsystem in the most unfavorable combination, are I

then combined with the responses due to inertial effects by the absolute sum j
|method.

3.7.3.10 Use of Constant Vertical Static Factors

See Section 3.7.2.10.

3.7.3.11 Torsional Effects of Eccentric Masses

See Section 3.7.2.11.
<

3.7.3.12 Buried Seismic Category I Piping Systems and Tunnels

See Applicant's SAR.

3.7.3.13 Interaction of Other Piping With Category I Piping

See Applicant's SAR. There are no CESSAR interfaces with non-Category I piping. |6

v
Amendment No. 6
November 20, 1981
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3.7.3.14 seismic Analysis of Reactor Internals, Core and CEDMs

3.7.3.14.1 Reactor Internals and Core

The seismic analyses of tne reactor internals and core consists of two
phase;. In the first phase, linear lumped-parameter models are formulated,
natural frequencies and node shapes for the models are determined, and the
response is obtained utilizing the modal analysis response spectrum method.
The response spectra used are based upon the acceleration of the reactor
vessel flange. The response spectrum analysis is used to obtain prelim-
inary design seismic loads and displacements in the vertical and horizontal
directions.

<

|

O
I

I
|
!

!

I

i

Amendment No. 6
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In the second phase, because the relative displacements between the corei

g and core shroud and between the core-support barrel and pressure-vessel
Ig j snubbers are sufficiently large to close the gaps. that exist between these:

s/ components, a nonlinear horizontal time history analysis is performed. The 16
horizontal nonlinear analysis is divided into two parts. In the first
part, the internals and core are analyzed to obtain the internals response
and the proper dynamic input for the reactor core model. In the second
part, the core plate motion from the first part is applied to a more detailed
nonlinear model of the reactor core. The input excitation to the internals
model is the response time-history of the reactor vessel at the internal.s
support determined from the RCS analysis. Coupling effects between the-
internals and reactor vessel are accounted for by including a simplified
representation of the internals with the RCS model. This is discussed in
subsection 3.7.2. When the linear vertical analysis indicates that ;he
response of the core may be sufficiently large to cause it to lift off the|

| core plate, a vertical nonlinear analysis of the internals is also performed.
If this method is used a statement will be provided in the Applicant's SAR1

,

bthat a nonlinear anMWs was performed and that the results were acceptable.

In these analyses, two horizontal components and one vertical component of
the seismic excitation are considered and the maximum responses for the
tb te components are combined by the method of square root of the sum of
the squares.

Cbsely spaced modes are considered in accordance with Regulatory Guide 1.92. |6

3.7.3.14.1.1 Mathematical Models|O
| Q Equivalent multimass mathematical models are developed to represent the '

reactor internals and core. The linear mathematical models of the internals
are constructed in terms of lumped masses and elastic-beam elements. At

| appropriate locations within the internals and core, points (nodes) are
chosen to lump the weights of the structure. A sketch of-the internals and
core showing the relative node locations for the horizontal model is presented
in Figure 3.7.3-1. Figures 3.7.3-2 and 3.7.3-3 show the idealized linear
horizontal and linear vertical models. The criterion for choosing the
number and location of mass concentration is to provide for accurate repre-
sentation of the dynamically significant modes of vibration of each of the
internals components. Between the nodes properties are calculated for
moments of inertia, cross-section areas, effective shear areas, and lengths.
Separate horizontal and vertical models of the internals and core are
formulated to more efficiently account fu structural differences in these

.

directions. In the horizontal nonlir.ar lumped mass representation of the
'

internals and core, shown in Figure 3.7.3-4, gap and spring elements are
used to represent contact between the fuel and core shroud. Lumped-mass
nodes in the core are positioned to coincide with fuel-spacer grid locations.
To simulate the nonlinear motion of the fuel, nonlinear spring couplings
are used to connect corresponding nodes to the fuel assemblies and core
shroud. Incorporated into these nonlinear springs is the spacer grid
impact stiffness derived from test results. The core is modeled by subdi-
viding it into fuel assembly groupings and choosing stiffness values to
adequately characterize its beam response and contacting under dynamic q

'A loading. '

i Amendment No. 6
November 20, 1981
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The horizontal nonlinear reactor core model consisting of one row of 17
individual fuel assemblies is depicted in Figure 3.7.3-5. In this model
each fuel assembly is represented with mass points located at spacer grid |6
locations. To simulate the gaps in the core, nonlinear spring couplings
are used to connect corresponding nodes on adjacent fuel assemblies and
core shroud. The impact stiffness and impact damping (coefficient of
restitution) parameters for the gap elements are derived from the impact
tests which are described in Section 4.2. The spacer grid impact representation
used for the analysis is capable of representing two types of fuel assembly
impact situations. In the first type, only one side of the spacer grid is
loaded. This type of impact occurs when the peripheral fuel assembly hits
the core shroud, or when two fuel assemblies strike one another. The second 6

type of impact loading occurs typically when the fuel assemblies pile up on
one side of the core. In this case, the spacer grids are subjected to a
through-grid compressive loading.

The fuel assemblies in the coupled core / internals model and the detailed
core model are modeled with beam elements to represent the horizontal
stiffness between mass points and rotational springs at each end to simulate
the end fixity existing at the tr and bottom of the core. The value used
for fuel horizontal stiffness and end fixity are based upon a parametric
study in which analytic predictions are correlated with fuel assembly
static and dynamic test data. Fuel assembly structural damping as a func ion
of vibrational amplitude was derived from fuel assembly forced vibration
and pluck tests defined in Section 4.2. The damping values used in the
seismic analysis of the reactor internals are in accordance with the values
in Table 3.7.2-1. |6

The vertical nonlinear model incorporates nonlinear spring couplings to
account for the nonlinear behavior of the internals in the vertical direction.
The vertical nonlinear model is shown in Figure 3.7.3-8. I6

Additional salient details of the internals and core models are discussed
in the following paragraphs.

A. Hydrodynamic Effects

It has been shown both analytically and experimentally ( ) that imersion
of a body in a dense-fluid medium lowers its natural frequency and
significantly alters its vibratory response as compared to that in
air. The effect is more pronounced where the confining boundaries of
the fluid are in clos proximity to the vibrating body as in the case j

for the reactor internals. The method of accounting for the effects |
of a surrounding fluid on a vibrating system has been to ascribe to I

the system additional or " hydrodynamic mass". ]

The hydrodynamic mass of an immersed system is a function of the
dimensions of the real mass and the space between the real mass and j
confining boundary. '

Hydrodynamic mass effects for moving cylinders in a water annulus are
discussed in Reference 9 and 10. The results of these references are
applied to the internals structures to obtain .he total (structural
plus h;drodynamic) mass matrix that is then used in the evaluation of
the natural frequencies and mode shapes.

Amendment No. 6
ilovember 20, 1981
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B. Core Support Barrel

The core support barrel is modeled as a beam with shear deformation.
It has been showi Gat the use of. beam theory for cylindrical shells I

gives sufficiently accurate results when shear deformation is included (11)(12) J.

\

C. Fuel Ass 5blies |

The fuel assemblies are modeled as uniform beams with rotational
springs at each end to represent the proper end condition. The member
properties for the beam elements representing the fuel assemblies are
derived from the results of experimental tests of the fuel-assembly
load deflection characteristics and fundamental natural frequency. 3

J

D. Support-Barrel Flanges

To obtain accurate lateral and vertical stiffnen of the upper and
lower core-support barrel flanges and.the upper guide structure support
barrel upper flange, finite-element analyses of these regions are
performed. As shown in Figure 3.7.3-6 these areas are modeled with'
quadrilateral and triangular ring elements. Unit deflections and
rotations are applied in the lateral and axial directions, and the
resulting reaction forces are calculated. These results are then used :

'ito derive the equivalen', member properties for the flanges.
i

E. Upper Guide Structure

f
, (. For the horizontal model, the upper guide structure including CEA.

shrouds, connecting plates and tie rods are modeled as contilever )i N
'

beams. A separate member is modeled to account for the connection
between the tie rods and the upper guide structure support plate.

F. Lower Support Structure

To obtain vertical stiffnesses for the lower support structure grid
beams and cylinder, a finite element analysis is performed. A top
view of the finite element model is shown in Figure 3.7.3-7. Displace-
ments due to vertical (out-of plane) loads applied at the beam junctions
are calculated through the use of a computer program (13). Average
stiffness values based ont these results yield an equivalent member ;

cross-section area for the vertical model.

3.7.3.14.1.2 Analytical Techniques.
l

Natural Frequencies and Mode Shapes

The mass- and beam-element properties of the models are utilized in a
computer progiam to obtain the natural frequencies and mode shapes. This- j

computer code is described in Section 3.9.1.2.2.7. The program utilizes ;

the stiffness-matrix method of structural analysis. The natural frequencies
and mode shapes are extracted from the system of equations: .j

i

I !
,
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2
(K - W M) $n = 0 (12)

,

where:

K = model stiffness matrix

M = model mass matrix

thW = natural circular frequency for the n moden

th
$n = n rmal mode shape matrix for n mode

The mass matrix, M, n cludes the hydrodynamic and structural masses.

B. Response Calculations Methods )
1

1. Response Spectra Method

The response spectrum analysis is performed using the modal
extraction data and the following relationships for each mode:

a. Nodal Accelerations

k =Y Ai (l )in n n in

where:

kin = absolute acceleration at node "i" for node "n"
y = m dal participation factor In

1

A = m dal acceleration from response spectrumn

$ n = mode shape factor at node "i" for node "n"1

b. Nodal Displacement <

..

X

Y

in * W 2 (I4)
n

where: |

Yin = displacement at node "i" for mode "n" relative to base
thW = natural circular frequency for n moden

O1
3.7-16
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c. Member Forces and Moments

(Y ^n} I(N n
( ) Fn" 2 n (15)
N/ W

n

'where:

F = actual member force for mode "n"
n

!

lF = m dal member force for mode "n"
n

I

l

The effect of the fluid environment is accounted for by |6
defining the modal participation as follows:

M

W
j-1 si *in

(16)Yn" M M
Njf jf in ij*jn

1 1

WhF rC

W34 = structural weight of node "i"

W43 = structural + hydrodynamic weight terms

M = number of masses

The SPS3 method is normally used to combine the modal responses.
Where modal frequencies are closely spaced, the responses of
these modes are combined by the sum of their absolute values.
The modal damping factors are obtained by the method of
" mass mode weighting", which gives:

IMi 4in jB

B (17)n " IM 4i in

where:

B = m dal damping factor
n

M = structural mass of mass node "1"4

4" = absolute value of the mode shape at mass node "i"
4C

i, B = damping associated wiin wp Point "1"
% i

Amendment No. 6
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Nonlinear Analysis )
The nonlinear seismic response and impact forces for the internals and fuel
are determined using the CESH0CK computer program (refer Section 3.9.1.2).
The computer program provides the numerical solution to transient dynamic
problems by step-by-step integration of the differential equations of
motion. The input excitation for the model is the time-history accelogram
of the reactor vessel.

Input to the CESHOCK computer program consists of initial conditions, nodal
lumped masses, linear-spring coefficients, mass moments of inertia, nonlinear
spring curves, and the acceleration time-histories. The output from the

| CESHOCK computer program consists of displacements, transnational and
Jl angular accelerations, impact forces, shears, and moments.
{

3.7.3.14.1.3 Results
)

| The nonlinear response loads for the internals, including impacting if any
| exist, are determined for the vertical and horizontal directions. Loads

for the fuel are determined in a separate reactor core nonlinear analysis.
The results are determined for the Safe Shutdown Earthquake (SSE) and the
Operational Basis Earthquake (OBE).

13.7.3.14.2 Control Element Drive Mechanisms (CEDM)

The pressure-retaining components of the CEDM are designed to the appropriate
stress criteria of ASME Code Section III for all loadings specified. The
structural integrity of the CEDM when subjected to seismic loadings is i

verified by combination of test and analysis. Methods of modal dynamic
analysis employing response spectrum techniques or time histm y analysis
are supported with experimentally obtained information.

3.7.3.14.2.1 Input Excitation Data

For the dynamic analyses, a response spectra or time history definition of
the excitation at the base of the CEDM nozzle is obtained from the seismic
analysis of the RCS. The excitation is applied simultaneously in three
mutually perpendicular directions (2 horizontal and 1 vertical).

3.7.3.14.2.2 Ar,alysis

A dynamic analysis of the mathematical structural model is performed utilizing
one or more of the computer programs discussed in Section 3.9.1.2.

3.7.3.14.2.3 Tests

A functional test ultilizing a minimum drop weight is performed to verify
that drop characteristics meet the input design requirements. Results from
this test are compared to the calculated CEDM deflections under seismic
loading for the individual site. Verification of the proper function is
thus established based on both analytical and test results.

O
3.7-18
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3.7.3.15 Analysis Procedure for Damping

9 The procedures used to account for damping in the analysis of the reactor
internals and core are given in Section 3.7.3.14. Uniform modal damping

6factors are used in the analysis of other NSSS vendor supplied seismic subsystems,

I
|

|
|

@
I

i

l

i
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("\ 3.8 DESIGN OF CATEGORY I STRUCTURES

~~

3.8.1 CONCRETE CONTAINMENT

See Applicant's SAR.

3.8.2 STEEL CONTAlftiENT SYSTEMS

See Applicant's SAR.

3.8.3 CONCRETE AND STEEL INTERNAL STRUCTURES OF STEEL OR CONCRETE
CONTAINMENTS

;

3.8.3.1 Description of the Internal Structures

Description of ste61 or concrete internal structures provided to support,
shield or otherwise interface with the uESSAR scope will be provided in the
Applicant's SAR.

3.8.3.2 Applicable Codes, Standards, and Specificatie3

See Applicant's SAR for criteria used in the design of internal structures.

3.8.3.3 Loads and Load Combinations

Loads at all structural interfaces with the CESSAR licensing scope ofn

(d equipment are provided to the Applicant by C-E for use in the design ofT

internal structures. The loads and loading combinations provided for use
in the design of internal structures am the same as specified for design !for the mating equipment, riiscussed in Section 3.9.1.4. i

For details of the design of internal structures considering the equipment
interface loads, see the Applicant's SAR.

3.8.3.4 Design and Analysis Pr_ocedures

For procedures used in the design of internal structures see the Applicant's
SAR.

For procedures used in the decign and analysis of reactor coolant system )linear supports, se? Section 3.9.1.4.

3.8.3.5 Structural _ Acceptance Criteria

#e6 Section 3.9 l.4 for equipment in the CESSAR scope.3

3.8.4 OTHER SEISMIC CATEGORY 7 STRUCTURES

See Applicant's SAR. ]

3.8.5 FOUNDATIONS

( - See Applicant's SAR.

3.8-1 |
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3.9 BCHANICAL SYSTEMG AND CCMPO'NENTS

3.9.1 SPECIAL TOPICS FOR MECHANICAL COIDONENTS.

3.9.2.1 p_esion Transiepin

The following information identifies the transients used in the 1

design and fatigue analysis of ASME Code Class 1 components, )
reactor internals and component supports. Cyclic data for the I
design of ASME Code Class 2 and 3 components, as applicable, are j

discussed in Section ' 3. 9. 3. All transients cre classified with
respect to the component operating condition categories

| identified as Level A, B, and D and testing as defined in the E

| ASME Code, Section III. The transients specified below represent '
,

I conservative estimates for design purposes only and do not |
purport to be accurate representations of actual transients, or l

necessarily reflect actual operating procedures; nevertheless, I
all envisaged actual transients are accounted for, and the number i

and severity of the design transients exceeds those which may be I

anticipated during the life of the plant.

Pressure and terhperature fluctuations resulting from the. normal, j
,

upset, emergency and faulted transients are computed by means of
'

computer simulations of the reactor coolant system, pressurizer, j

and steam generators. Design transients are detailed in the j
equipment specifications. The component designer then uses the j
specification curves as the basis for design and fatigue j
analysis.

In support of the design of each Code Class 1 component, a
fatigue analysis of the combined effects of mechanical and !
thermal loads is performed in accordance with the requirements of 1

Section III of the ASME Code. The purpose of the analysis is to
'

demonstrate that fatigue failure will not occur when the {
components are subjected to typical dynamic events which may '

occur at the power plunt. 1

The fatigue analysis is based upon a series of dynamic events
depicted in the respective component specifications. Associated
with each dynamic event is a mechanical, thermal-hydraulic
transient presentation along with an assumed number of
occurrences for the event. The presentation is gencrally simple

,

and straightforward, since it is meant to envelope the actual
pl. ant response. The intent is to present material for purposes
of design.

Similarly, the characterization of a given dynamic event with a
specific name is unimportant. Any plant dynamic occurrence with

O consequences which fall within the envelopes associated with one '

U of these dynamic events is by definition represented by that

Amendment E
3.9-1 December 30, 1988
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dynamic event. The fundamental concept is to ensure that the
consequences of the normel and upset conditions which are
expected to occur in the power plant are enveloped by one or more
of the dynamic event portrayals in the component specifications.
The number of occurrences selected for cach dynasic event is |

Iconservative, so that in the aggregate, a 60-year useful life
will be provided by this design process. E

Design load combinations for ASME Code Class 1, 2, and 3 |
components are given in Section 3.9.3. Design loading
combinations for Code Class CS internals structures are presented |E
in Section 3.9.5.2. .

1

i

The principal design bases of the reactor coolant system (RCS) j
and reactor internals structures are given in Sections 5.2 and j

!395, respectively.

Table 3.9-1 summarizes the transients used in the stress analysis
E I

of primary systein Code Class I components. Additional specific
component transients for the reactor coolant pumps, steam
generators, reactor coolant piping, and the pressurizer are
provided in Sections 5.4.1, 5.4.2, 5.4.3, and 5.4.10 respec-
tively. The basis for the transients is indicated, and the
number of occurrences specifind is to provide a system / component
design that will not be limited by expected cyclic operation over
the life of the plant. The number of occurrences is generally
based on a once/ day, once/ week, once/ month, and so forth, type of
evaluation. It is expected that the frequency of cyclic
transients will be greater than design at the beginning of plant
life and significantly less than design after the first year of
operation with cumulative occurrences less than design values.
System integrity is further assured by using conservative methods
of predicting the range of pressure and temperature for the
transients. The list of transients is intended to include
startup and shutdown operations, inservice hydrostatic tests, i

emergency and recovery operations, inservice hydrostatic tests,
emergency and recovery ' operations, switching operations, and |
seismic events. An explanatory discussion of each transient is |

also given. The applicable operating condition category as I

designated by the ASME Code Section III is also indicated in cach
case.

The transients listed include allowance for less severe
transients, such as rod withdrawal incident or boron dilution
ircident. The number of transients listed are believed to be far
ir. excess of any number or severity that can be anticipated to
occur during the life of the facility.

Pressure and thermal stress variations associated with the design
transients are considered in the design of supports, valves, and
piping within the reactor coolant pressure boundary (RCPB).

3
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In addition to the design transients listed above and included in |
the fatigue analysis, the loadings produced by the OBE and SSE
were also applied in the design of components and support E

structures of the RCS. The OBE and SSE are classified as upset
,

|
and faulted condition events respectively. For the number of i

cycles pertaining to the OBE, refer to Section 3.7.3.2. |

3.9.1.2 Computer Procrams Used in Stress Analyses

3.9.1.2.1 Reactor Coolant System

The following paragraphs provide a summary of the applicable
computer programs used in the structural analyses for ASME Code
Class 1 systems, components, and supports in the CESSAR-DC scope.
The summaries include individual descriptions and applicability
data. The computer codes employed in these analyses have been
verified in conformance with design control methods, consistent I
with the quality assurance program described in Chapter 17. j

E
3.9.1.2.1.1 MDC STRUDL

l
The MDC STRUDL comp:. Iter program provides the ability to specify
characteristics of framed structure and three-dimensional solid

|,s) st :Jucture problems, perform static and dynamic analyses, and i(V reduce and combine results.

Analytic procedures in the pertinent portions of MDC STRUDL apply E

to framed structures. Framed structures are two- or
three-dimensional structures composed of slender, linear members
that can be represented by properties along a centroidal axis.
Such a structure is modeled with joints, including support
joints, and members connecting the joints. A variety of force
conditions on members or joints can be specified. The member
stiffness matrix is computed from beam theory. The total
stiffness matrix of the modeled structures is obtained by !
appropriately combining the individual member stiffness. j

i

2he stiffness analysis method of solution treats the joint
displacements as unknowns. The solution procedure provides |
results for joints and members. Joint results include
displacements and reactions and joint loads as calculated from
member end forces. Member results are member end forces and
distortions. The assumptions governing the beam element .

representation of the structure are as follows: linear, elastic, !
homogeneous, and isotopic behavior, small deformation, plane
sections remain plane, and no coupling of axial, torque, and
bending.

CN The program is used to define the dynamic characteristics of the i

h structural models used in the dynamic seismic analyses of the
reactor coolant system components. The natural frequencies and
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modo shapes of the structural models and the influence
coefficients which relate member end forces and moments and
support reactions to unit displacements are calculated. The
influence coefficients are calculated for each dynamic
degree-of-freedom of each mass point and for each degree-of-
freedom of each support point.

The program can perform either time-history analysis or spectrum
analysis using the modal super position technique. Support
reactions, member loads and joint acceleration are computed by
back substituting from the modal coordinates to physical

Ecoordinates through the applicable transformation matrice and
then combining modal contributions from each individual mode
included in the response analysis.

.

MDC STRUDL is a program which is in the public domain and has had
sufficient use to justify its applicability and validity.
Extensive verification of the C-E version has been performed to
supplement the public documentation. The version of the program
in use at C-E was developed by the McDonnell Automation
Company / Engineering Computer International and is run on the

| IBM computer system. MDC STRUDL is described in more detail in E

Reference 1.

3.9.1.2.1.2 C-E MARC

The C-E MARC program is a general purpose nonlinear finite
element program with structural and heat transfer capabilities.
It is described in detail in Reference 2.

C-E MARC is used for stress analysis of regions of vessels,
piping or supports which may deform elastically under prescribed
loadings. It is also used for elastic analyses of complex
geometries where the graphics capability enables a well defined
solution. The thermal capabilities of C-E MARC are used for
complex geometries where simplification of input and graphical
output are preferred.

is in the public domain and has had sufficient use to justify its |EC-E MARC is the C-E modified version of the MARC program, which

applicability and validity. Extensive verification of the C-E
version has been performed to supplement the public
documentation.

3.9.1.2.1.3 JEST

JEST is a proprietary computer code developed for evaluation of
nuclear piping systems with hypothesized flaws. The code ;
performs fracture mechanics related calculations such as ,

)J-Integral parameter and crack mouth opening displacements used
in leak-before-break and stability evaluations. Input to the j

i
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code consists of the geometry, material properties, the flaw size
and the loading conditions. The code uses clastic-plastic
estimation scheme type solutions developed by Electric Power
Research Institute (EPRI) and General Electric (GE). Several
EPRI/GE analytical solutions are available in the code. The
program is used to automate calculations that would have been
performed manually.

3.9.1.2.1.4 BUPERPIPE

SUPERPIPE is a linear finite element program for the static and
dynamic analysis of piping systems. These systems may include
such components as bends, elbows, tees, reducers, socket or butt
welds, flexible couplings, and flanges, with the appropriate
flexibility factors and stress indices accounted for. Support
types may include rigid, spring, constant-force, snubber, anchor,
or user-specified, and may have any desired orientation.

Analyses performed include thermal, weight, applied load,
frequency and mode shape, response spectrum, and time-history.
Following the static and dynamic analysis phase, the program
performs a complete ASME B&PV Code, Section III Class 1 stress
check, combining analysis results in may manner specified by the

9 user to create the appropriate loading cases applicable for each
of the ASME code stress equations. The user also supplies the
number of oc.7urrences of each steady-state and transient load
state, with which the program performs a complete fatigue damage
calculation.

SUPERPIPE, which is in the public domain, was developed by the
Impell Corporation and is described in detail in Reference 20.

E

3.9.1.2.1.5 DFORCE

The computer code program D5 7E calculates the internal forces
and moments at designated 'ations in a piecewise linear
structural system, at each tix .tep, due to the time history of
relative displacements of the sptem mass points and boundary
points. The program also selects the maximum value of each
component of force or moment at each designated location, and the
times at which they occur, over the entire duration of the
specified dynamic event. The program forms appropriate linear
combinations of the relative displacements at each time step and
performs a complete loads analysis of the deformed shape of the
structure at each time step over the entire duration of the
specified dynamic event.

O
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The program is used to calculate the time dependent reactions in
structural models subjected to dynamic excitation which are
analyzed by the CEDAGS program.

To demonstrate the validity of the DFORCE program, results for
test cases were obtained and shown to be substantially identical
to those obtained for an equivalent analysis using the public
domain program MDC STRUDL.

3.9.1.2.1.6 SG LINK

SG LINK determines steam generator and snubber stroke and
building interface boundaries for the steam generator snubber
lever system. The program verifies the kinematics of the snubber

E
lever linkage systems based on input motions of the steam
generator lug and detailed snubber lever system geometry.

3.9.1.2.1.7 CEDAGB

The computer program CEDAGS (C-E Dynamic Analysis of Gapped
structure) performs a piecewise linear direct integration
solution of the coupled equations of motion of a three
dimensional structure which may have clearances or gaps between
the structure and any of its supports or restraints (boundary
gaps) or between points within the structure (internal gaps).
The contacted boundary points may be oriented in any selected
direction and may respond rigidly, elastically, or elastically.
The structure may be subjected to applied dynamic loads or
boundary motions.

The CEDAGS program is used to calculate the dynamic response of
piecewise linear structural systems subjected to time varying

E
load forcing functions resulting from postulated pipe break
conditions.

To demonstrate the applicability and validity of the CEDAGS
program, the solutions to an extensive series of tests problems
were obtained and shown to be substantially identical to results
obtained by hand calculations or alternate computer solutions.

3.9.1.2.1.8 CE177, Head Penetration Reinforcement Program

This program calculates reinforcement available and reinforcement
required for penetrations in hemispherical heads. The technique
described in paragraph NB-3332 of the ASME Code, Section III is
used.

O
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This program is used to perform preliminary sizing and
reinforcement calculations for hemispherical. heads in the reactor
vessel. Program was verified by comparisons of program results
and hand calculated solutions of classical problems.

3.9.1.2.1.9 CE102, Flange Fatigue Program E

This program computes the redundant reactions, forces, moments,
stresses, and fatigue usage factors in a reactor vessel . head,
head flange, closure studs, vessel flange, and upper vessel wall ;

for pressure and thermal loadings. Classical shell equations are
used in the interaction analysis.

This program is used to perform the fatigue analysis of the
reactor vessel closure head and vessel flange assembly. Program j
was verified by comparisons of program results and hand- '

calculated solutions of classical problems.
]

3.9.1.2.1.10 CE105, Nozzle Fatigue Program E

Tnis program computes the redundant reactions forces, moments,,

| and fatigue usage factors for nozzles in cylindrical shells.
|

This program is used to perform the fatigue analysis of reactor
vessel nozzles and steam generator feedwater nozzle. Program was
verified by comparisons of program results and hand-calculated
solutions of classical problems.

3.9.1.2.1.11 CEC 26, Edge Coefficients Program E

This code calculates the coefficients for edge deformations ofi

I conical cylinders and tapered cylinders when subjected to
axisymmetric unit shears and moments applied at the edges.

This program is used to perform the fatigue analysis of reactor
vessel wall transition. Program was verified by comparisons of
program results and hand-calculated solutions of classical
problems.

3.9.1.2.1.12 CE124, Generalized 4 x 4 Program E i

This program computes the redundant reactions, forces, moments,
stresses, and fatigue usage factors for the reactor vessel wall
at the transition from a thick to thinner section and at the
bottom head juncture.

This program is used to perform fatigue analysis of reactor
vessel bottom head juncture. Program was verified by comparisons
of program results and hand-calculated solutions of classical
probleits .
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3.9.1.2.1.13 BEC 11

The SEC 11 program automates the flaw evaluation method of ASME
B&PV, Section XI, Appendix A. This program performs the crack E

growth analyses and assesses the margin against critical crack
size according to the criteria in Appendix A. The program has
been verified by direct comparison of program results and hand
calculations. The program is used for leak-before-break type
analyses.

3.9.1.2.1.14 ANSYS

ANSYS is a large-scale, general-purpose, finite element program
for linear and nonlinear structural and thermal analysis. This
program is in the public domain. Additional descriptive
information on this code is provided in Section 3.9.1.2.2.2.

This program is used for numerous applications for all components
in the areas of structural, fatigue, thermal and eigenvalue
analysis. Program was verified by comparisons of program results
and hand-calculated solutions of classical problems.

3.9.1.2.1.15 CE301, The Structural Analysis for Partial E

Penetration Nozzles, Heater Tube Plug Welds,
and the Water Level Boundary of the
Pressurizer Shell Program

This program computes various analytical parameters, primary plus
secondary stresses and stress intensities, peak stresses and
stress intensities, and the cyclic fatigue analysis with usage
factors at cuts of interest. This program is utilized te satisfy
the requirements of Section III, of the ASME B&PV Code.

This program is used in the fatigue analysis of partial
penetration nozzles in the pressurizer and piping. Program was
verified by comparisons of program results and hand-calculated
solutions of classical problems.

3.9.1.2.1.16 CE223, Primary Structure Interaction Program E

This code calculates redundant loads, stresses, and fatigue usage
factors in the primary head, tubesheet. secondary shell, and stay
cylinder for pressure and thermal loadings.

This program is used in the fatigue analysis of the steam
generator primary structure. Program was verified by comparisons
of program results and hand-calculated solutions of classical
problems.

O
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3.9.1.2.1.17 CE362, Tube-To-Tubesheet Weld Program E

This. code performs a three body interaction analysis of the
tube-to-tubesheet weld juncture. The code calculates primary,
secondary, and peak stresses and computes range of stress and
fatigue usage factors.

This program is used in the fatigue analysis of steam generator
tube-to-tubesheet weld. Program was verified by comparisons- of
program results and hand-calculated solutions of classical
problems.

3.9.1.2.1.18 CE286, Support Skirt Loading Program E

This code calculates the stresses in the conical support skirt of
the steam generator for external loads.

This program is used in the structural analysis of steam
generator support skirt. Program was verified by comparisons of
program results and hand-calculated solutions of classical
problems.

3.9.1.2.1.19 CE210, Principal Stress Program E

This code sums stresses for three load conditions and computes
principal stress intensity, stress intensity range, and fatigue !
usage factor. !

This program is used in the fatigue analysis of steam generator
components. Progran. was verified by comparisons of ' program
results and hand-calculated solutions of classical problems.

3.9.1.2.1.20 CE211, Nozzle Load Resolution Program E

A special purpose code, used to calculate stresses in nozzles
produced by piping loads in combination with internal pressure.

This program is used in the fatigue analysis of stcam generator
nozzles. Program was verified by comparisons of program results
and hand-calculated solutions of classical problems.

3.9.1.2.1.21 KINI2100 Program E

A general purpose finite difference heat transfer program. This
program is used for steady-state and transient thermal analysis.

This program is used in numerous thermal relaxation analysis for
all components. Program was verified by comparisons of program

) results and hand-calculated solutions of classical problems.
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3.9.1.2.1.22 CEFLASH-4A

A code used to calculate transient conditions resulting from a
flow line rupture in a water / steam flow system. The program is
used to calculate steam generator internal loadings following a |

|postulated main steam line break.

This program is used in a steam line break accident structural .

analysis. Program was verified by comparisons of program results I
'

and hand-calculated solutions of classical problems.

|E3.9.1.2.1.23 CRIBE

A one-dimensional, two-phase thermal hydraulic code, utilizing a
momentum integral model of the secondary flow. This code was
used to estaolish the recirculation ratio and fluid mass
inventories as a function of power level. The code is in the |
public domain and further verification is not required. |

|

This program is used for determining steam generator performance. j
Program was verified by comparisons of program results and hand-
calculated solutions of classical problems.

3.9.1.2.2 Code Class CB Internals, Fuel and CEDMs
E

The following computer programs are used in the static and
dynamic analyses of reactor internals, fuel, and CEDMs.

3.9.1.2.2.1 MRI/STARDYNE

The MRI/STARDYNE program uses the finite element method for the
static and dynamic analysis of two- and three-dimensional solid
structures subjected to any arbitrary static or dynamic loading
or base acceleration. In addition, initial displacements and
velocities may be considered. The physical structure to be
analyzed is modeled with finite elements that are interconnected ,

by nodes. Each element is constrained to deform in accordance j

with an assumed displacement field that is required to satisfy ]
continuity across element interfaces. The displacement shapes j

are evaluated at nodal points. The equations relating the nodal
'

point displacements and their associated forces are called the ;

element stiffness relations and are a function of the element
'

geometry and its mechanical properties. The stiffness relations
for an element are developed on the basis of the theorem of )

minimum potential energy. Masses and external forces are ,

assigned to the nodes. The general solution procedure of the !
program is to formulate the total following equations: ]

* !
I
1
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[K).. (6) = (P) (1)'

2[m]{q) - [K) (q) := 0 (2)w

where:

(6) = the nodal displacement vector

(P) = the applied nodal forces
1

[m] = the mass matrix
= the natural frequenciesw

(q) = the normal modes )
Equation (1) applies during a static analysis which yields the
nodal displacements and finite elements internal forces. |
Equation (2) applies during an eigenvalue/ eigenvector analysis,

'

which yields the natural ' frequencies and normal modes of the
structural system. Using the natural frequencies and normal
modes together with related mass and stiffness characteristics of
the structure, appropriate equations of motion may be evaluated
to determine structural response to a redescribed dynamic load.

The finite elements used to date in C-E analyses are the elastic
beam, plate and ground support spring members. The assumptions
governing their use are as follows: small deformation,
linear-clastic behavior, plane sections remain plane, no coupling
of axial, torque and bending, geometric and elastic properties
constant along length of element.

Further description is provided in Reference 4.

The MRI/STARDYNE code is used in the analysis of reactor
internals. The program is used to obtain the mode shapes,
frequencies and response of the internals to redescribed static
and dynamic loading. The structural components are modeled.with
beam and plate elements. Ground support spring elements are
used, at times, to represent the effects of surrounding
structures. The geometric and elastic properties of these
elements are calculated such that they are dynamically equivalent
to the original structures. The response analysis .is then
conducted using both modal response spectra and modal time
history techniques. Both methods are compatible with- the
program.

O
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The program is also used to perform a static finite element
analysis of the lower support structure to determine its |

I

structural stiffness.

MRI/STARDYNE is in the public domain and has had sufficient use
to justify its applicability and validity. Extensive
verification of the C-E version has been performed to supplement,
the public documentation.

3.9.1.2.2.2 ANSYS

ANSYS is a general purpose nonlinear finite element program with i

!

structural and heat transfer capabilities. It is described in

Reference 5.

ANSYS is used to perform detailed stress analyses of the fuel
assembly due to combined lateral and vertical dynamic loads

resulting from postulated seismic and loss-of-coolant-accident
conditions.

Static finite element analyses of reactor internal structures,
such as flanges, expansion compensating ring and core shroud, are

performed with ANSYS to determine vertical and lateral

stiffnesses and thermal stresses.

ANSYS is a proprietary code in the public domain. The
developers, Swanson Analysis Systems, Incorporated have published
an ANSYS verification manual with numerous examples of its usage.

3.9.1.2.2.3 ASHBD

The ASHSD program uses a finite element technique for the dynamic
analysis of complex axisymmetric structures subjected to any
arbitrary static or dynamic loading or base acceleration. The

three-dimensional axisymmetric continum is represented as an
axisymmetric thin shell. The axisymmetric shell is discretized
as a series of frustums of cones.
Hamilton's variational principle is used to derive the equations
of motion for these discrete structures. This leads to a mass
matrix, stiffness matrix, and load vectors which are all

consistent with the assumed displacement field. To minimize
computer storage and execution time, the nondiagonal " consistent"
mass matrix is diagonalized by adding of f-diagonal terms to the
appropriate diagonal terms. These equations of motion are solved
numerically in the time by a direct step-by-step integration
procedure.

Oj
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The assumptions governing the axisymmetric thin shell finite r

element representation of the structure are those consistent with
linear orthotropic thin elastic shell theory. Further
description is provided in Reference 6. )

I
ASHSD is used to obtain the dynamic response of the core support '

barrel under normal operating conditions and due to a LOCA. An
axisymmetric thin shell model of the structure is developed. The i

spatial Fourier series components of the time varying normal j
operating hydraulic pressure or LOCA loads are applied to the j
modeled structure. The program yields the dynamic shell and beam e

mode response of the structural system.

ASHSD has been verified by demonstration that its solutions are
substantially identical to those obtained by hand calculations or
from accepted experimental tests or analytical results. The
details of these comparisons may be found in References 6 and

]7.

3.9.1.2.2.4 CESHOCK

The computer program CESHOCK solves for the response of
structures which can be represented by lumped-mass and spring i,

(d systems and are subjected to a variety of arbitrary type |4
,

loadings. This is done by tgum rically solving the differential|
equations of motion of an n degree of freedom system using the
Runge-Kutta-Gill technique. The equations of motion can
represent an axially responding system or a laterally responding
system (i.e., an axial motion, or a coupled lateral and i

rotational motion). The program in designed to handle a large !

number of options for describing load environments and includes I

such transient conditions as time-dependent forces and moments,
initial displacements and rotations, and initial velocities.
Options are also available for describing steady-state loads,
preloads, accelerations, gaps, nonlinear elements, hydrodynamic
mass, friction, and hysteresis.

The output from the code consists of minimum and maximum values
of transnational and angular accelerations, forces, shears, and
moments for the problem time range. In addition, the above
quantities are presented for all printout times requested. Plots
can also be obtained for displacements, velocities and
accelerations as desired. Further description is provided in
Reference 8.

The CESHOCK program is used to obtain the transient response of
the reactor vessel internals and fuel assemblies due to LOCA and
seismic loads.

,

( 1v
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Lateral and vertical lumped-mass and spring models of the

internals are formulated. Various types of springs (linear,

comproccion only, tension only, or nonlinear springs) are used to
represent the structural components. Thus, judicious use of
load-deflection characteristics enables effects of components
impacting to be predicted. Transient loading appropriate to the
horizontal and vertical directions is applied at mass points and
a dynamic response (displacements and internals forces) is

obtained.

CESHOCK has been verified by demonstration that its solutions are
substantially identical to those obtained by hand calculations or
from accepted analytical results via an independent computer
code. The 6 tails of these comparisons may be found in

References 7 and 8.

3.9.1.2.2.5 BAMMSOR/DYNASOR

SAMMSOR/DYNASOR provides the ability to perform r.onlinear dynamic
analyses of shell structures represented by axisymmetric

finite nlements and subjected to arbitrarily varying load

configurations.

The program employs the matrix displacement method of structural
analysis, utilizing a curved shell element. Geometrically
nonlinear dynamic analyses can be conducted using this code.

Stiffness and. mass matrices for shells of revolution are
generated utilizing the SAMMSOR part of this code. This program
accepts a description of the structure in terms of the
coordinates and slopes of the nodes, and the properties of the i

elements joining the nodes. Utilizing Lhe element properties,
the structural stiffness and mass matrices are generated for as
many as twenty harmonics and stored on magnetic tape. The
DINASOR portion of the program utilizes the output tape generated
by SAMMSOR as input data for the respective analyses.

The egr.ations of motion of the shell are solved in DYNASOR using
Houbolt's numerical procedure with the nonlinea :- terms being
moved te the right-hand side of the equilibrium equations and
treated as generalized pseudo-loads. The displacements and
stress resultants can be determined for both symmetrical and
asymmetrical? loading conditions. Asymmetrical dynamic buckling
can be investigated using this program. Solutions can be
obtained for n ghly nonlinear problems utilizing as many as five
circumferential Fourier harmonics. Further description is

provided in References 9 and 10.

O
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This program is used to analyze the dynamic buckling
characteristic of the core support barrel during a LOCA hot-leg
break. The program's nonlinear characteristics provide this
capability.

A finite element model of the CSB is formulated which is
consistent with the computer program. Taking into account the
initial deviation of the structure and the shell mode which is
most likely to give the minimum critical pressure, the
time-dependent pressure load is applied to the barrel. The
maximum displacement occurring in the barrel is obtained.

SAMMSOR/DYNASOR has been verified by demonstration that its
solutions are substantially identical to those obtained by hand
calculations, accepted experimental test or analytical results,
and results obtained with a similar independently written program
in the public domain. The details of these comparisons may be
found in Reference 7.

3.9.1.2.2.6 MODSK
i

|

MODSK is a C-E computer program which solves for the natural
frequencies and mode shapes of a structural system. The natural

g i frequencies and mode shapes are extracted from the system of
k/ equations:

2
(K-W M) d =0n

where:

model stiffness matrixK =

|
model mass matrix iM =

th
W natural circular frequency for the n mode

n
th

|normal mode shape matrix for the n mode=

The solution to the general eigenvalue problem is obtained using
the dual Jacobi rotation method. |

The MODSK code is used in the analyses of reactor internals to
obtain frequencies and mode shapes, and damping parameters. The
results of these analyses are incorporated into overall reactor
vessel internals models, which calculates dynamic response due to
seismic and LOCA conditions.

O
V
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The MODSK program was developed by C-E and is used on the CDC 7600 i
'

computer. To demonstrate the validity of the MODSK program,
results from lateral and vertical test problems were obtained and
shown to be substantially identical to those obtained from an
equivalent analysis using the public domain program ANSYS (Refer
to Section 3.9.1.2.2.2).

3.9.1.2.2.7 BAPIV

The SAPIV computer code is a structural analysis program capable
of analyzing two and three-dimensional linear complex structures
subjected to any arbitrary static and dynamic loading or base
acceleration. The analysis technique is based on the finite
element displacement method. The structure to be analyzed can be
represented using bars, beams, plates, membranes and three-
dimensional finite elements.

Structural stiffness and load vectors are assembled from the
element matrices which are derived assuming various displacement
functions within each element whereas lumped mass matrices are
used to represent inertia characteristics of the structure. In
the statja analysis, the assembled equations of equilibrium are
solved by using a linear equation solver. Dynamic analysis
capabilities include modal analysis, modal superposition and ;

direct integration methods of computing dynamic response and
'

response spectrum techniques.

SAP 1V has been applied to the eigenvalue and response spectra
analyses of spent fuel storage racks and lifing rig structures.

The SAPIV code is used in the computation of dynamic response of
control element drive mechanisms under mechanical and seismic
loads. Both modal analysis and response spectrum capabilities of
the code are used to find the natural frequencies and mode shapes
and the dynamic loads in CEDM components, j

SAPIV is in the public domain and has had sufficient use to 1

justify its applicability and validity. Extensive verification j

of the C-E version has been performed to supplement the public |

documentation.

3.9.1.2.2.8 CEFLASH-4B
1

The CEFLASH-4B computer code (Reference 14) predicts the reactor !
pressure vessel pressure and flow distribution during the 1

|subcooled and saturated portion of the blowdown period of a
Loss-of-Coolant-Accident (LOCA). The equations for conservation |
of mass, energy and momentum along with a representation of the

'

equation of state are solved simultaneously in a node and flow ,

path network representation of the primary reactor coolant i

system.
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CEFLASH-4B provides transient pressures, flow rates and densities
throughout the primary system following a postula ed pipe break !
in the reactor coolant system. (

i

The CEFLASH-4B computer code is a modified version of the !

| CEFLASH-4A . code (References 15 through 17). The CEFLASH-4A
computer code has been approved by the NPC (References 18 and
19). The capability of CEFLASH-4B to predict experimental
blowdown data is presented in Reference 14.

3.9.1.2.2.9 LOAD

LOAD calculates the applied forces of the axial internals model
which is contained within water control' volumes using results
from tho CEFLASH-4B blowdown loads analysis as input. The fluid

.'

momentun equation is applied to each volume and a resultant force
is calculated. Each force is then apportioned to the various
structural nodes contained within the volume. Use of the fluid
momentum equation takes into account pressure forces, fluid
friction, water weight, and momentum changes within each volume. i

The resultant forces are combined with the reactor vessel motions
obtained from the reactor ' coolant system analysis before the
structural responses are determined, The LOAD code has been

O verified by demonstrating that its solutions are substantially !

identical to those obtained from hand calculations. ,

3.9.1.2.3 Non-NSSS Structures and Components

The following computer programs are used in the analyses of
Non-NSSS structures and components.

(LATER)

3.9.1.3 Experimental Stress Analyses

Requirements for experimental stress analysis have not been
imposed on any equipment in the CESSAR-DC scope. E

3.9.1.4 Considerations for the Evaluation of the Faulted
Condition

3.9.1.4.1 Seismic Category . RCS Items

The major components of the reactor coolant system (RCS) are
designed to withstand the forces associated with the design basis

| pipe breaks discussed in Section 3.6, in combination with the
i forces associated with the Safe Shutdown Earthquake and normal
'

operating conditions. For structural evaluation, the design

O basis pipe breaks are those breaks for which leak-before-break
cannot be demonstrated. Since the dynamic effects of breaks in
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piping systems listed in Section 3.6.2.2.1 are eliminated by
leak-before-break, the pipe break loads analysis procedure
considers only those branch line pipe breaks not eliminated by
leak-before-break.

See Section 3.9.3 for discussion of loading combinations.

Analyses are performed to generate component loads and motions !

due to the forces associated with branch line pipe breaks. the
analyses account for the reactor vessel and supports, major
connected piping and components and the reactor internals. The
results of the analyses include loads on major component supports
and RCS piping loads.

The analyses performed for branch line breaks use MDC STRUDL code
(see Section 3.9.1.2.1.1).
The resultant component and support reactions are specified, in
combination with the appropriate normal operating and seismic
reactions, for design verification by the methods discussed below
and in Section 3.9.3.

The system or subsystem analysis used to establish, or confirm,
loads which are specified for the design of components and
supports is performed on an elastic basis.

When an elastic system analysis is employed to establish the
loads which act on components and supports, elastic stress
analysis methods are also used in the design calculations to E

evaluate the effects of the loads on the components and supports.
In particular, inelastic methods such as plastic instability and j

limit analysis methods, as defined in Section III of the ASME
Code, are not used in conjunction with an elastic system ,

|analysis. Figure 3.9-1. The RCS and its supports, which are
analyzed using clastic methods, are shown in diagram form in
Figure 3.9 1

Inolastic methods of analysis are used in cases where it is
deemed desirable and appropriate to permit significant 19 cal |
inelastic response. In these cases, if any, the system nr |

subsystem analysis performed to establish the loads which act a
components and component supports are modified to include the g
inelastic strain compatibility in the local regions of theI
components and component supports at which significant local!
inelastic response is permitted. 1

Inelastic methods defined in Section III of the ASME Code as
plastic instability or limit analysis methods are not used.

O
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3.9.1.4.1.1 Reactor Intarnals and CEDMs

See Sections 3.7.3.14 and 3.9.2.5.

3.9.1.4.1.2 Non-Code Items

The componencs not covered by the ASME Code but which are related i

to plant cafety include:

A. Internal Structures (Class IS).

| B. Fuel.

C. Control element ca.Ir % chanisms (CEDMs).

D. Control element assemblies (CEAs).

Each of these components is designed in accordance with specific
criteria to ensure their operability as it relates to safety.
The fuel assembly and control elemert assembly design is
discussed in Section 4.2. The non-code c omponents of the control
element drive mechanisms (CEDMs) are proven by testing as
described in Section 3.9.4.4.

O E

3.9.1.4.2 Seismic Category I Non-NSSB Items
i

The analytical method for evaluating the faulted condition uses i
a linear elastic model as described in Section 3.7.3. The ASME :

Section III allowable stress limits will be met for faulted
loads, including the safe shutdown earthquake and system
transient loads described in Section 3.9.1. For any exceptions
to the above, such as the pipe break analysis described in
Section 3.6.2, maximum allowable strain limits from accepted
standards will be satisfied.

3.9.2 DYNAMIC SYSTEM ANALYSIS AND TESTING
|

| 3.9.2.1 Pipina Vibrations, Thermal Expansion, and Dynamic
Effects

Safety-related piping systems were designed in accordance with
the ASME B&PV Code, Section III. The preoperational test program
for the Class 1, 2 and 3 piping systems will simulate actual
operating modes to demonstrate that the appurtenances comprising
these systems will meet functional esign requirements and that
pipina vibrations are within acceptable levels.

O
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3.9.2.1.1 Steady-State Vibration

Essential systems and systems with the potential to experience
significant vibration will be monitored for steady-state
vibration. The piping will be monitored during normal operating
and test modes along with operating modes expected to result in
the most severe vibration. The piping will be visually inspected,
and vibration movements will be taken using portable
instrumentation at locations where the vibration is judged to be ;

the most sev2re. When necessary, the piping will be instrumented-
and monitored remotely.

The measured piping displacements will be compared with allowable
displacement limits that are based on the allowable amplitudes,
S giv n below.a,

80 gips /in . This7 690 psi for carbon steel with UTS <S =

r8prese,nts the alternating stress intensity at 10 cycles and is
extrapolated from Figure I-9.1 of Appendix I of ASME Code, ;

forstagless steel is equal to the alternating E

'

Section III. S

stress intensith at 10 cycles taken from Figure I-9.2 of
Appendix I of ASME Code, Section III.

If the measured piping displacements exceed allowable limits, one
or more of the following actions will be taken so that the
vibration can be qualified.

A. Analyses will be performed to show that the measured
displacements are acceptable.

B. Additional testing will be performed to show that the peak
stresses due to the vibration are acceptable.

C. The cource of the excessive vibrations will be eliminated.

D. The pipe supporting arrangement will be modified to reduce
the vibration to acceptable levels.

3.9.2.1.2 Transient Vibration

Vibration monitoring will be completed for systems expected to
experience significant transients. The piping will be !

instrumented to measure the system response during the transient |
events.

The measured response will be compared with analytically |

predicted values fr,m the piping stress report. If the predicted )
values are exceeded, the measured response will be shown to be .

acceptable by additional analyses or testing; or the source of

i
;
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the transient will be eliminated or modified to reduce the
transient loadings or modifications to the pipe supporting

]arrangement will be made to reduce the system response to ,

acceptable levels.

3.9.2.1.3 Thermal Expansion
,

Safety-related systems that are expected to experience
significant thermal movements will be monitored for thermal
expansion. A preheatup walkdown will be performed so that
locations of potential thermal interferences can be identified
and appropriate corrective action taken prior to heatup. One
complete thermal cycle, i.e., cold position to hot position to
cold position, will be monitored. The piping and components will
be visually inspected and piping displacements will be monitored
at predetermined locations. The measurement locations will be
based on the locations of snubbers, hangers, and expected large
displacements. When necessary, the piping will be instrumented
and monitored remotely.

Acceptable limits of pipe displacement, based on analytically
predicted movements from the piping stress reports, will be
determined prior to testing. The measured displacements will be

O compared to the acceptance limits to determine whether the piping
systems are free to expand as expected. If the measured
displacements are not within the acceptance limits, then analyses E
will be performed or corrective action will be taken, as i
appropriate, to ensure that pipe stress and support and equipment I

allowables are not exceeded. '

3.9.2.2 . Seismic Qualification Testina of Safety-Related
Meshanical Equipment

3.9.2.2.1 Nuclear Steam Supply System
1
' The operability of all active safety-related mechanical equipment

related to the NSSS is demonstrated by analysis and/or testing.
The methods and procedures used and the results of tests and
analyses that confirm implementation of the design criteria for
safety-related mechanical equipment, including supports, are
provided in Section 3.9.3.2.

3.9.2.2.2 Non-NSSS Items

The following dynamic testing procedures are used for Seismic
Category I mechanical equipment and equipment supports.

1

O
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3.9.2.2.2.1 Seismic Testing and Analysis I

1

The ability of equipment to perform its Seismic Category I

functions during and after an earthquake in demonstrated by tests
and/or analysis. The selection of testi. and/or analysis for a
particular piece of equipment is Sased on practical
considerations. When practical, the ;eismic Category I

operations are activated and tested during the vibratory testing.
'

When this is not practical, these operations are simulated by a
combination of tests and analysis.

3.9.2.2.2.2 Seismic Analysis
i

Equipment that is large, simplc (e.g., panels, pumps and valves), I

and/or consumes large amounts of power is usually qualified by an
analysis to show that the loads, stresses, and deflections are
less than the values which give assurance of proper operation.
Analysis is also used to show that there are no natural
frequencies below the frequency range of a test facility.

3.9.2.2.2.3 Basis for Test Input Motion

When equipment is qualified by test, the response spectrum or the
,

time history at the point of attachment to the supporting i

structure is the basis for determining the test input motion. E

3.9.2.2.2.4 Random Vibration Input

When random vibration input is used, the actual input motion
envelopes the appropriate floor input motion at the individual
modes. Iloweve r , single frequency input, such as sine beats, is
used provided one of the following conditions are met:

A. The characteristics of the required input motion are i

dominated by one frequency.

B. The anticipated response of the equipment is adequately
represented by one mode.

C. The input has sufficient intensity and duration to excite
all modes to the required magnitude, such that the testing
response spectra will envelope the corresponding response
spectra of the individual modes.

3.9.2.2.2.5 Input Motion

The input motion is applied to the vertical and one horizontal
axis simultaneously. However, if the equipment response along
the vertical direction is not sensitive to the vibratory motion
along the horizontal direction, and vice versa, then the input
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motion is applied to one direction at a time. In case of single
frequency input, the time phasing of the inputs in the vertical
and horizontal directions is such that a purely rectilinear
resultant input is avoided.

3.9.2.2.2.6 Fixture Design

The fixture design simulates the actual service mounting and
causes no dynamic coupling to the equipment.

E

3.9.2.2.2.7 Equipment Testing

Equipment testing is based on prototype basis. Similarity
between the equipment being tested and the installed equipment
is assured. This is usually done by the vendor who supplies the
equipment.

3.9.2.3 Dynamic System Analysis Methods for Reactor
vessel core support and Internal structures

3.9.2.3.1 Introduction

The flow-induced vibration of the reactor internals componentse during normal operation can be characterized as a torced response
to both deterministic (periodic and transient) and random
pressure fluctuations in the coolant. Methods have been
developed to predict the various components of the hydraulic
forcing function and the response of the reactor internals to
such excitation.

This analytical methodology is summarized in Figure 3.9-2. The
method separates the response calculations into two groups in
accordance with the physical nature of the loading i.e.,
deterministic or random. Methods for developing the
deterministic component of the hydraulic forcing function are
discussed in Section 3.9.2.3.2, while those relating to the
random component are discussed in Section 3.9.2.3.3. Where
complex flow path configurations or wide variations in pressure
distribution are involved, the hydraulic forcing functions are
formulated using a test-analysis combination method utilizing
data obtained from plant tests and/or scaled model tests.

The response of the reactor vessel core support and internal
structures (to include Core Support Barrel Assembly, Upper Guide
Structure Assembly and Lower Support Structure Assembly) to the
normal operating hydraulic loads are calculated by finite element
techniques. The mathematical models used in these response
analyses are described in Section 3.9.2.3.4. The methods used in <

G calculating the structural responses are discussed in Section '

3.9.2.3.5.
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3.9.2.3.2 Periodic Forcing Function

3.9.2.3.2.1 Core Bupport Barrel Assembly

An analysis based on an idealized hydrodynamic model is employed
to obtain the relationship between reactor coolant pump
pulsations in the inlet ducts and the periodic pressure

,

fluctuations on the core support barrel. A detailed description '

of this model and subsequent solution are given in References 21 i

through 27. The model represents the annulus of coolant between
the core support barrel and the reactor vessel. In deriving the
governing hydrodynamic differential equation for the above model,
the fluid is taken to be compressible and inviscide. Linearized
versions of the equations of motion and continuity are used. The
excitation on the hydraulic model is harmonic with the
frequencies of excitation corresponding to pump rotational speeds
and blado passing frequencies. The result of the hydraulic
analysis is a system of equations which define the forced
response, natural frequencies and natural modes of the
hydrodynamic model. The forced response equations define the
spatial distributions of pressure on the core support barrel
system as a function of time.

3.9.2,3.2.2 Upper Guide Structure

The dynamic force on the upper guide structure assembly is due to
flow induced forces on the tube bank. The periodic components of
these forces are caused by pressure pulsations at harmonics of
the pump rotor and blade passing frequencies, and vortex shedding
due to crossflow over the tubes.

A series of tests on full size tubes at reactor pressure and
temperature indicated no evidence of periodic vortex shedding at
the Reynolds Number and turbulence levels expected in the tube
bank (Reference 28). Thus, the only significant periodic force |

'is that due to pump pulsations. Data from this same test series
was utilized to determine the magnitude of these pulsations at
the pump rotor, twice the rotor, blade passing, and twice blade |
passing frequencies. j

3.9.2.3.2.3 Lower Support Structure Assembly

The ICI nozzles and the skewed beam supports for the ICI support
plate are excited by periodic 14nd/or random, flow induced forces.

The periodic component of this loading is due to pump related
pressure fluctuations and vortex shedding due to crossflow. High
turbulence intensity caused by jetting through the flow skirt
makes it unlikely that regular vortex shedding will occur
(References 29 and 30). If it were assumed to occur, the maximum
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chedding frequency would be well below the lowest structural
frequency for both the ICI support nozzles and skewed beams. The
magnitude and frequency of this periodic force are accounted for
based on data in the literature for crossflow over both vertical
(References 31 and 32) and skewed (Reference 33) isolated tubes.

Derivation of pump frequency related loads is accomplished by
assuming that these periodic precsure variations are propagated
undiminished through the flow skirt from the lower portion of the
core barrel - reactor vessel annulus. The magnitude of these
pulsations is based on a combination of analytical predictions,

i

based on Reference 21, and data from previous precritical {
programs (References 23 and 24). l

!
3.9.2.3.3 Random Forcing Function

3.9.2.3.3.1 Core Support Barrel Assembly

The random hydraulic forcing function is developed by analytical
and experimental methods. An analytical expression is developed
to define the turbulent pressure fluctuation for fully developed
flow (Reference 34). This expression is modified, based upon the
result of scale model testing (References 35 and 36), to account

(n) for the fact that flow in the downcomer is not fully developed.
N' Based upon tests results, an expression is developed to define

the spatial dependency of the turbulent pressure fluctuations.
In addition, experimentally adjusted analytical expressions are
developed to define the peak value of the pressure spectral
density associated with the turbulence and the maximum area of
coherence, in terms of the boundary layer displacement, across
which the random pressure fluctuations are in phase (References
25, 26 and 27). The transient behavior of the random I

fluctuations during loop startup and shutdown is assumed to be
identical to that of the periodic excitations.

3.9.2.3.3.2 Upper Guide Structure

Results of the full size tube tests (Reference 28) showed that at
normal operating conditions the shroud tubes are excited by
upstream and wake produced turbulent buffeting (References 28, 37
and 38). The forcing function for this type of loading can be i
represented as a band limited white noise power spectrum

;

| (Reference 28). The magnitude of this spectrum is computed based
on data from these tests. The resultant velocity dependent force

| is combined with static drag loads to compute the amplitude
| response and stress levels.

n

! 3.9-25
1



- - -- - -_ --

CESSAR EnWicari:n
I

O
3.9.2.3.3.3 Lower Support Structure Assembly

The ICI nozzles and ICI support plate support beams are both
subject to turbulent buffeting by the flow skirt jets. The
outermost ICI nozzles and beams receive full impact of the jets
before the jets decay due to fluid entrainment and the presence
of inner tube rows. The force spectrum of these jets is assumed
to be represented as wide band white noise. The magnitude of
this spectrum is based on data in the literature for impingement
of turbulent jets (Reference 39 and 40). This velocity dependent
magnitude is applied to each tube, assuming no change in jet
characteristics, between the outermost and inner tubes. The
approach velocity for each tube is calculated from an analytical
expression based on experimental data on the velocity
distribution in the lower portion of the reactor vessel-core
barrel ar.nulus and the f1cw skirt.

3.9.2.3.4 Mathematical Models

A finite element analysis is performed on each of the reactor
internals components using mathematical models. These models are
designed to provide the most efficient analysis under the most
significant loading condition to which each structure is exposed.
The core support barrel assembly is modeled as a shell using the
ASHSD computer code (Reference 6) (Figure 3.9-3). The structure
is fixed at the upper flange to determine the beam modes and
frequencies. The shell modes and frequencies are found by
considering the upper flange fixed and the lower flange pinned.
These analyses include hydrodynamic mass effects. All
significant mode shapes and frequencies are used in combination
to perform the normal operating deterministic response analysis.
A simplified finite element model of the barrel assembly is
generated on the STARDYNE computer code (Reference 4) for use in
the random response analysis.

The control element shroud tubes in the upper guide structure
assembly are modeled as beams supported at the ends by plate
elements. The end plates are in turn supported by spring
elements which represent the stiffness of additional surrounding
structure. A typical model of this configuration is shown in
Figure 3.9-4. The STARDYNE computer code (Reference 4) is

employed to allow the same models to be utilized for modal
analysis as well as deterministic and random response analysis.

The lower support structure assembly is modeled in several ways.
Beam and plate elements are assembled in a comparatively coarse
mesh to model the entire Instrument Nozzle Assembly (Figure

.

3.9-5). This representation of the structure is used on the !
I

STARDYNE computer code (Reference 4) to determine the modes,
frequencies and response actions of the assembly as a system.
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A )

The reaction points in this model are taken at the bottom plate
1

level of the LSS Assembly. Typical ICI nozzles (Figure 3.9-6)
and Skewed Beams (Figure 3.9-7) are modeled as fine mesh beam

|clements reacted at the support points by spring elements
i

representing the surrounding structure flexibility. These i

component models are used on the STARDYNE computer code
(Reference 4) to provide the individual structural modes,
frequencies and responses within the system. The results of both
individual and system analysis are combined to provide the total
response.

1

3.9.2.3.5 Response Analysis j
I

3.9.2.3.5.1 Deterministic Response

The normal mode method (Reference 41) is used to obtain the j
structural response of the reactor internals to the deterministic f
forcing functions developed in Section 3.9.2.3.2. The method is )
applied to the appropriate finite element models described in i
Section 3.9.2.3.4. Generalized masses based on mode shapes and ]the mass matrices from the .inite element computer programs are |

calculated for each component's modes of vibration. Modal force
participation factors are based on the mode shapes and the

i

| predicted periodic forcing functions are calculated for each mode !

v and forcing function. The generalized coordinate response for
each mode is then obtained through solution of the corresponding
set of independent second order single-degree of freedom
equations. Utilizing displacement and stress mode shapes from
the finite element computer programs, the modal responses of the
reactor internals are obtained by means of the appropriate
coordinate transformations. Response to any specific forcing |

function is obtained through summation of the component modes for
that forcing function. '

3.9.2.3.5.2 Random Reuponse

The normal mode method (Reference 41) is used to obtain the
structural response of the reactor internals subjected to random
forcing functions. The random forcing functions are assumed to
be of both the band limited and wide band white noise varieties
as described in Section 3.9.2.3.3. Experimental and analytical
expressions are used to define the force power spectral density
associated with flow related turbulence and jet impact. The
appropriate mathematical models described in Section 3.9.2.3.4
are used in the STARDYNE computer code (Reference 4). This code
computes the response RMS displacements, loads and stresses in a
multi-degree-of-freedom linear elastic structural model subjected
to stationary random dynamic loadings, such as those described in,

I p Section 3.9.2.3.3.

|
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The largest response of the Core Support Barrel is expected to be
in the " beam" mode. The simplified finite element model of this
structure, described in Section 3.9.2.3.4, is used to compute
these displacements.

The Upper Guide Structure and Lower Support Structure will not
respond to random excitation as complete assemblies but rather
will experience local disturbances of individual components

within the assemblics. The modal analyses from the
finite element models of these components, (Figures 3.9-4, 3.9-5 i

and 3.9-7) already used for deterministic analysis, are once
again utilized to determine the random responses via the normal
mode procedure.

3.9.2.4 Comprehensive Vibration Assessment Procram (CVAP)

In accordance with Regulatory Guide 1.20 (Reference 44), a CVAP
is developed for System 80+. System 80+ is designated as
non-prototype Category I, per Regulatory Guide 1.20, with Palo
Verde Unit 1, a Combustion Engineering System 80 Reactor as the
valid prototype (Reference 44). Palo Verde Unit 1 and System 80+
design are substantially the same with regard to arrangement
design, size and operating conditions.

The CVAP for System 80+ design will consist of an Analysis and
Inspection Program. The Analysis Program will consist of dynamic

E
analyses which will be documented in an ASME Design Stress
Report. In addition, flow loads and structural responses for
System 80+ will be compared with System 80 to confirm System 80+
design is as non-prototype Category 1 reactors.

The Inspection Program will consist of a pre-hot functional and a
post-hot functional inspect.on of the reactor internals. The

| duration of the hot functional testing will be established to
| insure that 10E+7 cycles of vibration will have occurred before |

the post-hot functional inspection. A detailed inspection of I

major load bearing surfaces, contact surfaces, welds, and maximum
stress locations identified in the Analysis Program will be
performed. Photographic documentation will be taken of all |

observations mado during the pre- and post-hot functional ;

inspections. A comparison will be made of the structures to
verify that no loss in structural integrity due to flow induced
vibration has occurred.

The Analysis Program and Inspection Program will together confirm
the adequacy of the analysis prediction techniques and the

structural integrity of System 80+ design according to the
guidance of Regulatory Guide 1.20.

O
Amendment E

3.9-28 December 30, 1988



y
--

CESSAR Ennncm.

'

O
3.9.2.5 Dyanmic System Analysis of the Reactor and CEDMs

Under Faulted Conditions

Dynamic ana'.yses are performed to determine blowdown loads and
structural responses of the reactor internals and fuel to
postulated pipe break and SSE loadings and to verify the adequacy
of their design.

Because of Leak-Before-Break arguments, all main RCS loop pipe
breaks and all major primary branch line pipe breaks have been
eliminated from consideration of dynamic effects. The reactor
vessel motion and blowdown loads associated with small branch
line breaks result in loads on the reactor internals which are
calculated and determined to be neglible compared to the SSE
loads. To obtain the total stress intensities for faulted

Econditions, the SSE loads are' increased by a factor of 1.10 to
account for the minor contribution of these pipe breaks to the
combined stress.

3.9.2.6 Correlation of Test and Analytical Results

Analytical predictions are compared - with data obtained from the
precritical program to ensure consistency.

!

I

O
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3.9.3 ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT

SUPPORTS AND CLASS CS CORE SUPPORT STRUCTURES
E

ASME B&PV Code Section III Class 1, 2 and 3 Piping and Components
are designed and constructed in accordance with Section III of
the ASME Boiler and Pressure Vessel Code and Code Case (s).

In accordance with ASME Code, a specification is provided for
piping supports which defines the jurisdictional boundary for the
NF portion of the piping support.

For equipment component supports, such as those for pumps and
vessels, the supports are generally furnished by the manufacturer
along with the equipment. The supports are designed and
classified by the vendors and meet either ASME Subsection NF, the
rules for the class of the component being furnished, or AISC, as
appropriate.

Reactor coolant loop piping ar.d associated components and
component supports are designed and analyzed by Combustion
Engineering. Loading conditions, stress limits, design
transients, and methods of analysis for ASME Code Class 1

reactor coolant loop piping and associated components and
,

componnnt supports are discussed in Section 3.9.3.1. '

3.9.3.1 Lo_adiAg Combinations, Design Transients and Stress
Limits

The loading combinations specified for the design ASME B&PV
Section III Code Class 1 components, supports, and piping are
categorized as normal, upset, emergency and faulted. The
following specific loading combinations are specified for design:

A. The concurrent loadings associated with the Level-A (normal)
plant conditions of dead weight, pressure and the thermal
and expansion effects during startup, hot standby, power
operation and normal shutdown to cold shutdown conditions.

B. The concurrent loadings associated with either the normal
plant condition or the Level-B (upset) plant condition and
the vibratory motion of the Operational Basis Earthquake
(OBE).

C. The concurrent loadings associated with the Level-C
(emergency) condition.

D. The concurrent loadings associated with the Level-A (normal)
plant condition, the vibratory motion of the SSE, and the
dynamic system loadings associated with the Level-D
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(faulted) system condition (postulated pipe rupture for E

branch line breaks not eliminated by leak before break
analysis). The SSE and pipe rupture loadings are combined
by the SRSS method or a more conservative method.

The specific design transients specified for design are discussed
in Section 3.9.1.1.

ASME B&PV Code Class 1, 2 and 3 piping and components of fluid
systems are designed and constructed in accordance with Section E

III cf the ASME Boiler and Pressure Vessel Code. Hydrostatic
testing is performed per Section III.

|

| Design pressure, temperature, and other loading conditions that
provide the bases for design of fluid systems are presented in
the sections which describe the systems.

Stress analysis was used to determine structural adequacy of
pressure components under the operating conditions of normal,
upset, emergency or faulted, as applicable.

Significant discontinuities were considered such as nozzles,
flanges, etc. In addition to the design calculation required by
the ASME B&PV Section III code, stress analysis was performed byt 1methods outlined in the code appendices or by other methods by |

'

reference to analogous codes or other published literature. I

3.9.3.1.1 ASME Code Class 1 Components and Supports

Design transients for ASME Code Class 1 components, supports and
piping are discussed in Section 3.9.1.1. Loading combinations
for ASME Code Class 1 components are described in Table 3.9-2.

EStress limits for ASME Code Class 1 components, supports and
piping are described in Table 3.9-3. The operating pressures of
Code Class 1 active valves are limited to the pressures taken
from the applicable primary pressure class pressure-temperature
rating of the ASME Code, Section III, for the maximum temperature
for the applicable condition.

3.9.3.1.2 Core Support Structures (Class CS) and Internal E

Structures (Class IS)

Design transients for reactor internals structures are discussed
,

in Section 3.9.1.1. Loading combinations and stress limits are
presented in Section 3.9.3.

O
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3.9.3.1.3 ABME Code Class 2 and 3 Components and Supports

Loading combinations applicable to Code Class 2 and 3 components
and supports are described in Table 3.9-2. System operating
conditions due to the design transients defined in Table 3.9-1,
as well as any other auxiliary system specific conditions, are
reviewed to determine the appropriate operating parameters to be
used in the design of Code Class 2 and 3 components.

The design stress limits for each of the component's loading
conditions are presented in Tables 3.9-5 through 3.9-9. Inelastic

E
methods, as permitted by ASME Section III for Class 1 components,
were not used for these components.

3.9.3.1.3.1 Tanks, Heat Exchangers, and Filters

Pressure vessels supplied for the auxiliary systems are:

A. Shutdown Cooling Heat Exchanger. E

B. Safety Injection Tanks.

C. Containment Spray Heat Exchanger.

OD. Containment Spray Mini-Flow Heat Exchanger.
|

E. Shutdown Cooling Mini-Flow Heat Exchanger.

Vessel assemblies, including supports, support attachment welds,
and anchor bolts, are capable of withstanding specified
horizontal and vertical seismic accelerations. The seismic
accelerations are applied separately at the center of gravity
acting in each of twc orthogonal horizontal directions and either
vertical direction. The stresses or reaction loads at a given
point, due to the three separate analyses, are combined by the
SRSS method to define a total seismic design condition. The
design allowable nozzle forces and moments act in directions that
yield the highest stress which combined with the seismic loads,
as determined above, and other concurrent loads.

For Class 2 and 3 pressure retaining parts under the concurrent
loadings of the OBE and normal operation Level-B (upset
conditions), the primary membrane stress is less than 1.IS, and
the primary membrane plus bending stress is less than 1.65S. No E

Level-C (emergency) condition that has been identified for the
applicable components is more severe than the upset condition;
therefore, no appropriate stress criteria are provided. Under
the concurrent loadings of the normal operating condition and the
SSE, the primary membrane stress is less than 2.0S, and the
primary membrane plus bending stress is less than 2.4S (where S =
Allowable value of ASME B&PV Code, Section III). .

|
'
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Vessel components not subject to fluid pressure, such as
supports, attachment welds, and anchor bolts, were designed to
the stress criteria of ASME B&PV Code, Section III for the
1.oading conditions defined above.

In cases where the natural frequency could not be increased to
avoid amplification of the floor response of the postulated
seismic input for a specific plant, the components are modeled as-
multi-mass systems, and their modal frequencies and maximum j

reactions are determined from the floor response spectra for the- !
plant. The maximum damping values used are 2% for OBE and 3% for J

SSE. The design point reactions due to each modal loading are E

combined as the sum of the absolute values or by root sum square
of the modal reactions, as appropriate per recommendation of
Regulatory Guide 1.92.

3.9.3.1.3.2 Valves 1

ASME Class 2 and 3 valves are designed by analysis to standard
rules. For all loading conditions for active valves, the design
pressure rating and Level-A stress limits are not exceeded. E i

Loading combinations are in accordance with Table 3.9-2. Stress !
limits are in accordance with Note (a) of Table 3.9-3 for Class 1 '

active valves and Table 3.9-8 for non-active valves.

3.9.3.1.3.3 Pumps

Pumps supplied for the Auxiliary Systems are:

A. Safety Injection (active) (Safeguard) Code Class 2.
E

B. Shutdown Cooling (active) (Safeguard) Code Class 2.

C. Containment Spray (active) (Safeguard) Code Class 2.

The design rules and associated design stress limits applied in
the design of ASME Code Class 2 and 3 pumps are in accordance
with the ASME Code, Section III, Subsections NC and ND,
respectively. The results are as described herein.

Stress limits for active pumps are shown in Table 3.9-1 and
stress limits for non-active pumps are shown in Table 3.9-6.
Loading combinations are in accordance with Table 3.9-2.

Pump assemblies, including supports, support attachment welds,
and bolts, are capable of withstanding specified horizontal and
vertical seismic accelerations. The seismic accelerations are
applied separately at the center of gravity acting in each of two
orthogonal horizontal directions and either vertical direction.
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The stresses or reaction loads at a given point, due to the three ,

separate analyses, are combined by the SRSS method to define a j

total seismic design condition. The design allowable nozzle )

forces and moments act in directions that yield the highest
stress when combined with the seismic loads, as determined above,
and other concurrent loads. |

t
E

The stress criteria of the ASME Code, Section III are applied in
the design of component supports to the same Code Class as the
pressure boundary involved within the j urisdic'elonal boundaries
defined in the code for the loading conditions defined above.
Those steel support structures which are considered to be an
extension of the building structure, but supplied with the pump
assembly (i.e., bedplates), are designed to the stress criteria
of the AISC Manual of Steel Construction.

In addition, the Safeguard Pump assemblies are required to be
capable of withstanding the following thermal transients:

temperature | EA. Safety Injection and Containment Spray suction
increases from 40*F to 300'F in 10 seconds. After each
temperature change the end point is assumed to hold until
temperature equilibrium is attained. Temperature returns to
40'F in several days. This transient would be applied a
minimum of 10 times during the design life of the pump.

B. Shutdown cooling operation applied for 500 cycles as E

follows:

1. Suction temperature increases from 70*F to 350*F in
about 1 minute.

O
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2. Suction temperature decrease from 350*F to 70*F- in i

several hours.

Note that the containment spray-pumps will also experience a
limited number of shutdown cooling transient cycles.

3.9.3.1.4 Piping and Piping Supports

3.9.3.1.4.1 ASME Code Class 1

A. Piping

For ASME Code Class 1 piping, the combinations of design
loadings are categorized with respect to service levels,
identified as Level A, Level B, Level C, or Level D, as
shown in Tables 3.9-10 and 3.9-11. The design stress limits
for each of the loading combinations are found in ASME B&PV
Code, Section III, NB-3600.

B. Piping Supports

For pipe supports, the design loading combinations are
presented in Tables 3.9-11 and 3.9-14. The design service
stress limits for all loading service levels shall be
consistent with ASME B&PV Section III, Subsection NF.

3.9.3.1.4.2 ASME Code Class 2 and 3

A. Piping
i

For ASME Code Class 2 and 3 piping the combinations of I

design and service loadings are categorized with respect to E

system service levels identified as Design, Level A, B, C
and D as shown in Tables 3.9-12 and 3.9-13. The design
stress limits for each of the loading combinations are
found in ASME B&PV Code, Section III, NC/ND-3600.

i
'

B. Piping Supports

For pipe supports, the design and service loading
combinations are presented in Tables 3.9-11 and 3.9-14. The
design stress limits for all loading service _ levels shall be
consistent with ASME Section III, Subsection NF.

C. Functional Capability

To address the functional capability of piping, the criteria
outlined in Texas Utilities letter TXX 3423 is used. These
criteria have been reviewed and accepted by the Mechanical
Engineering Branch of the NRC.
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3.9.3.2 Pump and Valve Operability Assurance

3

3.9.3.2.1 Active ASME Code Class 2 and 3 Pumps and
Class 1, 2 and 3 Valves Furnished with the NSSB

3.9.3.2.1.1 Operability Assurance Program

Active pumps and valves are defined as pumps and valves that must
perform a mechanical motion in order to shut down the plant,
maintain the plant in a safe shutdown condition, or mitigate the
consequences of a postulated event. The operability (i.e., E

performance of this mechanical motion) of active components
during and after exposure to design bases events is confirmed by:

A. Designing each component to be capable of performing all
safety functions during and following design bases events.
The design specification includes applicable loading
combinations, and conservative design limits for active
components. The specification requires that the
manufacturer demonstrate operability by analysis, by test, E

or by a combination of analysis and test. The results are
independently reviewed by the NSSS Supplier considering the
effects of postulated failure modes on operability.

B. Analysis and/or test demonstrating the operability of each
design under the most severe postulated loadings. E

Methods /results of operability demonstration programs are
detailed in Sections 3.9.3.2.1.2 and 3.9.3.2.1.3.

C. Inspection of each component to assure compliance of
critical parameters with speci .itions and drawings. This
inspection confirms that specatied materials and processes
were used, that wall thicknesses met code requirements, and j
that fits and finishes met the manufacturer's requirements 1

based on design clearance requirements.

D. Shop testing of each component to verify "as-built" i

conditions, as defined in Sections 3.9.3.2.1.2 and 1

3.9.3.2.1.3.
,

E. Startup and periodic in-service testing in accordance with
ASME Boiler and Pressure Vesse1 Code, Section XI to
demonstrate that the active pumps and valves are in
operating condition throughout the life of the plant.

NSSS active pumps are listed below with a brief description of
active safety function of each. NSSS active valves are listed in
Table 3.9-4.

O
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Active Components Active Safety Function

Safety injection pumps Operate at flow rates
to runout

Shutdown cooling pumps Operate at design flow

containment spray Operate at design flow

3.9.3.2.1.2 Operability Assurance Program Results for
Active Pumps

operability of the Safety Injection, Shutdown Cooling and
Containment Spray pumps under required conditions has been
demonstrated by analyses of the assemblies and by analyses and
tests of the motors.

For the safety injection, shutdown cooling and containment spray
pumps, allowable stresses are not exceeded, clearances are
acceptable and shaft and pedestal holt deflections do not cause
stresses to exceed the normal values.

Where necessary, lumped mass models are used with the computer

O programs to determine the natural frequencies and displacements.
The models are conservative (i.e., simplifications tend to make
them more flexible).
To verify "as-built" conditions the pumps are hydrostatically
tested in accordance with the ASME B&PV Code, Section III to
confirm acceptability of structural integrity of pressure
retaining parts, tested for seal leakage, and tested for
performance and NPSH characteristics in accordance with the
Hydraulic Instituto Standard to verify operation within specified
parameters. The motors are Class IE and are tested in accordance
with IEEE Standard 112A-1978 to verify cperation within specified
parameters. Additionally, IEEE Standard 323-1974, as endorsed by
Regulatory Guide 1.89, and IEEE Standard 344-1975, as endorsed by
Regulatory Guide 1.100, are applicable for motors to assure E

operability during and following design basis events.

3.9.3.2.1.3 Operability Assurance Program for Active Valves

safety-related active valves must perform their mechanical motion
during or after design basis events. The qualification program E

assures that these valves will operate during a seismic event.
Qualification tests and/or analyses are conducted for all active
valves.

O
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Class 1, 2 and 3 valves are designed / analyzed according to the
rules of the ASME Boiler and Pressure Vessel Code, Section III,
Section NB-3500, NC-3500, and ND-3500 respectively.

Procurement specifications for safety-related active valves shall
conform to the intent of Regulatory Guide 1.48 and will stipulate E

that the valve vendor shall submit either detailed calculations
and/or test data to demonstrate operability when subjected to the
specification loading and stress criteria (normal through faulted
conditions). The decision to accept actual or prototype test
data, or analysis for operability assurance is made during the
normal design and procurement process. The decision to test is
based on:

A. Whether the component is amenable to analysis.

B. Whether proven analytical methods are available.

C. Whether applicable prototype test data is available.

If analysis or prototype test data is not sufficient, testing is
conducted to qualify the component or to verify the analytical
technique.

Where appropriate, valve ntem deflection calculations are
performed to determine deflections due to short term seismic and
other applicable loadings. De* lections so determined are
compared to allowable clearances. It must be noted that seismic
events are of short duration; thus, contact (if it occurs) does
not demonstrate that operability is adversely affected. Cases
where contact occurs are reviewed on a case by case basis to
determine acceptability.

The operability of active Code Class 1, 2 and 3 components is
assured through an extensive program of design verification
qualification testing and thorough surveillance of the
manufacturing, assembly and shop testing of each active
component. Each aspect of the design related to pressure
boundary integrity and operability is either tested or verified
by calculations. Procedures for testing are developed by

,

component manufacturers and reviewed and approved before the E |
tests are conducted. The design analyses of the component take l

into consideration environmental conditions including loadings
developed from seismic, operational effects, and pipe loads. I

IWhere necessary and feasible, the conclusions of these analyses
are confirmed by test.

O
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on all active valves, an analysis of the extended structure _ is i

also performed for static equivalent SSE loads supplied at the
center of gravity of the extended structure. The maximum stress
limits allowed in .these analyses show.that' structural integrity 1

is within the limits developed and accepted by the ASME Code.
|

The safety-related valves are subjected. to a series of tests -|
prior to service and during the plant life. Prior to j
installation, the following tests are performed:

A. Shell hydrostatic' test to ASME Sections III requirements.

B. Backscat and main seat leakage tests. I

C. Disc hydrostatic test.

'

D. Functional tests to verify that the valve will open and
close within the specified time limits.

E. Operability qualification of motor operators for the
environmental conditions over the installed life (i.e.,
aging, radiation, accident environment simulation) according
to IEEE Standard 382-1972, as endorsed by Regulatory Guide

O 1.73.

Cold hydro qualification tests, hot functional qualification
tests, periodic in-service inspections, and periodic in-service
operation are performed in situ to verify and assure the
functional ability of the valves. These tests ensure the
reliability of the valve for the design life of the plant. The
valves are designed using either stress analyses or the pressure
containing minimum wall thickness requirements.

All the active valves shall be designed to have a first natural
frequency which is greater than 33 Hz. This is shown by suitable
test or analysis.

In addition to the above, the following specific operability
assurances are provided for the various type valves:

,

!
3.9.3.2.1.3.1 Pneumatically Operated Valves

1

Pneumatic operated valves are furnished by several vendors.
Methods of operability demonstration are summarized below. E

Spring actuation of the valve is the required active safety
function. Loss of electric power or supply air will result in
venting of the actuator and return of the valve to the safe
position. Each vendor provides their own method to demonstrate

O valve operability. The operability for these valves is
demonstrated by analysis, test or by a combination of analysis
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and test. The vendor considers concurrent loads including
seismic, design p' csure and pipe loads. 1

The three-way solenoid valve was qualified by test and analysis
Eto IEEE Standard 382-1972, as endorsed by Regulatory Guide 1.73,

IEEE Standard 323-1974 and IEEE Standard 344-1975. Testing
included thermal aging, radiation aging, wear aging, vibration
endurance, seismic event simulation, and
loss-of-coolant-accident. All test results provided satisfactory
evidence of air solenoid valve operability.

'

Limit switches, used to determine valve position, were qualified
by testing and analysis to IEEE Standard 323-1974, IEEE Standard
344-1975 and IEEE Standard 382-1972. Switches were successfully ,E
performance tested for aging simulation, wear aging, radiation
exposure, seismic qualification, and design basis event
environmental conditions. For valves outside of containment and
utilizing EA-170 limit switches, the switches were seismically
qualified to IEEE Standard 34g-1975 and were testod to sustain
radiation dosages up to 2 x 10 rads.

3.9.3.2.1.3.2 Motor Operated Valves

Motor operated valves are qualified by analysis as r .ninimum as
described above. The analysis for each valve asseWsly considers
the effects of seismic loads, design pressure, and piping
reaction forces to provide assurance of operability.

To provida full qualification of the motor operated valve
actuator, environmental and seismic qualification tests were j

conducted to simulate the following conditions: |
|
'

A. Inside containment (LOCA).

B. Outside Containment. |

C. Seismic Qualification.
1

D. Pteam Line Break Accident.
i

Mid-size valve actuators were subjected to complete environmental
qualification consisting of inside containment and outside
containment. Each qualification exposed the actuator to thermal
and mechanical aging, radiation aging, seismic aging,
environmental transient profile test, and steam line break. For
the steam line break test an actuator was subjected to a very
high superheated temperature to demonstrate that the electrical
components of the actuator never exceeded the saturated
temperature corresponding to the ambient pressure for the short
duration of the test. This short term test provided evidence c

i

Amendment E
3.9-40 December 30, 1988

E _ J



-

CESSAREnnncum

O
that the existing qualification envelopes the steam line break
for superheated temperatures as high as approximately 492*F for a E

few minutes (see Section 3.11).
The qualification of the mid-size valve actuator was used - to
generically qualify all sizes of mid-size valve actuator
operators for the environmental test conditions in accordance
with IEEE Standard- 382-1972. All sizes are constructed of the
same materials with components designed to equivalent- stress
levels, and to the same clearances and tolerances with the only
difference being in physical size.which varies corresponding to
the differences in unit rating.

All the qualifications were conducted per IEEE Standard 382-1972
and meet the requirements of IEEE Standard 32 3-1974 ' and IEEE
Standard 344-1975 as they apply to valve motor actuators.
Further, since the actuators performed satisfactorily without
maintenance throughout the various qualifications, the valve
actuators are fully qualified for use in CE Nuclear Power
Generating Plants.

3.9.3.2.1.3.3 Pressurizer Safety Valves

O Pressurizer Safety valves are 6 x 8 valves. Operability has been
successfully demonstrated by a combination of dynamic testing and
analysis or by static testing. Operability was successfully
demonstrated with a 6g seismic load by one vendor or with a 7.lg
seismic load by another vendor. Dynamic testing has demonstrated
that the natural frequency of both valves was greater than 33 Hz.,

'

A summary of the test programs follows:

A. Vendor A Safety Valves

1. Natural Frequency Demonstration

Vibration input was in a single, horizontal direction.
It was established by previous experience that the
horizontal direction was more .significant than the

| Vertical direction, and that there was no material
difference between the various horizontal directions.
The frequency of vibration was increased from 5 to 75
Hz at a rate of 1. octave per minute. Accelerometers
were mounted on the valve assembly. The actual natural
frequency under test conditions was 38 Hz.

2. Operability Demonstration

A series of tests demonstrated that the valve would
fully open and rescat during and after a seismic
acceleration. Vibrat ion input ranged from 3 to 6g and
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10 to 33 Hz. The tests were performed using saturated
steam. In addition, analysis was used to establich the
significance of nozz)e loading. The results indicated
that deformation was significantly less than the inter-
nal clearances. This loading was, therefore, neglected
in the seismic operability tests.

B. Vendor B Safety Valves

1. Natural Frequency Demonstration

A resonance survey was performed along three orthogonal
axes with one axis being the centerline of the outlet
port. (Valve mounted on inlet port.) No resonant
frequencies were detected in the range of 1-50 Hz on
any axis.

2. Operability Demonstration

A series of tests demonst rated that the valve would
fully open and rescat during and after applying the
following loading combinations: Static seismic loads
up to 7.lg were applied to the valve in the direction
of least bending stiffness. In addition the maximum
permissible piping loads were applied concurrently.
The tests were performed using saturated steam. Valve
operation was satisfactory.

C. EPRI Testing of Safety Valves

Pressurizer safety valves were tested in the EPRI Test F

t)rogram under ful.1 pressure and full flow conditions. This
testing has demonstrated that stable valve operation under
these conditions is dependent upon the inlet pipe
configuration, built up back pressure range and blowdown g

setting. Prior to valve shipment, the inlet pipe
configuration and .ouilt up back pressure range for the
specific plant will be examined by CE and the applicable
"alve vendor. If necessary, the valves will be adjucted to
provide blowdown settings which will result in stable valve
cperation. These blowdown settings will be recommended by ;

the vendor and approved by CE. These adjustments will be
based on the results obtained in the EPRI Test Program.
Required adjustments to the valve to assure operability will
be documented in the site-speciric SAR.

3.9.3.2.1.3.4 Check Valves

The check valves are characteristically simple in design and
their operation will not be affected by seismic accelerations er
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the maximum applied nozzle loads. The check valve design is
compact and there are no extended structures or masses whose
motion could cause distortions which could restrict operation of
the valve. The nozzle loads due to maximum seismic excitation
will not affect the functional ability of the valve since the
valve disc is designed to be isolated from the casing wall. The
clearance supplied by the design around the disc will prevent the
disc from becoming bound or restricted due to any casing
distortions caused by nozzle load. Therefore, the design of
these valves is such that once the structural integrity of the
valve is assured using standard design or analysis methods, the
ability of the valve to operate is assured by the design
features. In addition to these design considerations, the valve
will also undergo:

A. Stress analysis, including the SSE loads.

B. In-shop hydrostatic tests.

C. In-shop seat leakage test.

D. Periodic in-situ valve exercising and inspection, to assure
the functional ability of the valve.

3.9.3.2.2 Non-NSSS Active ASME Code Class 2 and 3 Pumps
and Class 1, 2 and 3 Valves

3.9.3.2.2.1 Pumps

Safety-related active pumps are subjected to in-shop tests that
include hydrostatic tests of casing to 150% of the design
pressure, and performance tests to determine total development
head, minimum and maximum head, net positive suction head (NPSH)
requirements, and other pump / motor characteristics. Vibration is
monitored during the performance tests.

E

In addition to the required testing, the pumps are designed and
supplied in accordance with the following specified criteria:
A. In order to ensure that the active pump will not be damaged

during the seismic event, the pump manufacturer is required
to demonstrate by test and/or analysis that the lowest
natural frequency of the pump is greater than 33 Hz. The
pump, when having a natural frequency above 33 Hz, will be
considered essentially rigid. This frequency is considered
sufficiently high to avoid problems with amplification
between the component and structure for all seismic areas.
A static shaft deflection analysis of the rotor is

O performed. The natural frequency of the support is
determined and used in conjunction with the plant seismic
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response spectra. The deflection determined from the static
shaft analysis is compared to the allowable rotor
clearances. The pump manufacturer is required to
demonstrate the pump operability during and after the SSE.

If the natural frequency is found to be below 33 Hz, an
analysis is performed to determine the amplified inputi
accelerations necessary to perform the static analysis. The
static deflection analyses are performed using the adjusted
accelerations.

B. The maximum seismic nozzle loads are also considered in an
analysis of the pump supports to ensure that unacceptable
system misalignment cannot occur.

C. To complete the seismic qualification procedures, the pump
motor and all appurtenances vital to the operation of the
pump are independently qualified for operation during the
maximum seismic event in accordance with IEEE Standard
344-1975. If the testing option is chosen, sine-beat or
sweep testing for the electrical equipment is justified by
satisfying one or more of the following requirements to
demonstrate that multi-frequency response is negligible or
that the sine-beat or sine-sweep is of sufficient magnitude
to conservatively account for this effect:

1. The equipment response is basically due to one mode. |

E i

2. The sine-beat response spectrum in the region of
'

significant response.

3. The floor response spectrum consists of one dominant
mode and has a narrow peak at this frequency. |

The degree of coupling in the equipment, in general, determines
if a single or multiaxis test is required. Multiaxis testing is
required if there is considerable cross-coupling. If coupling is
very light, then single-axis testing is justified or, if the
degree of coupling can be determined, then single-axis testing
can be used with the input sufficiently increased to include the
effect of coupling on the response of the equipment.

From this, it is concluded that the safety-related pump / motor
assemblies manufacturer show that it will not be damaged and will
continue operating under SSE loadings and will perform their
intended functions.

O
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3.9.3.2.2.2 Valves

Safety-related active valves are subjected to the following
tests:

i

A. Shell hydrostatic tests, in accordance with ASME B&PV Code,
'

Section III requirements.

B. Backseat and main seat leakage tests.

C. Disc hydrostatic tests.

D. Functional tests that verify that the valve will open and i

close with the specified time limits when subjected to the
design differential pressure.

E. Operability qualification of motor operators for the
environmental conditions over the installed life (i.e.,
aging, radiation, accident, environment simulation) in1
accordance with IEEE Standards 323-1974, 344-1975, and
382-1972.

1

After installation, cold hydrostatic tests, hot functional'p .

Q tests, and periodic inservice operation are performed to verify
and assure the functional ability of the valve. These tests
enhance reliability of the valve for the design life of the
plant.

The valves are designed using either stress analysis or standard |

design rules for minimum wall thickness requirements. On all E j
active valves with extended topworks, an analysis is also ]
performed for static equivalent OBE loads applied at the center '

of gravity of the extended structure.

The maximum stress limits allowed in the analyses are those
recommended by the ASME Code for the particular ASME Class of
valve analyzed, i

In addition to these tests and analyses, valves are tested for
verification of operability during a simulated seismic event by
demonstrating operational capabilities within the specified
limits. The valve is mounted in a manner that represents typical
valve installation. The valve unit includes the operator and all
appurtenances normally attached to the valve appurtenances in
service. The operability of the valve during SSE is demonstrated
by satisfying the following critoria:

A. All the active valves with extended topworks are designed to
) have a first natural frequency greater than 33 Hz. This may

> be shown by test and/or analysis. Valves with a first
natural frequency less than 33 Hz are discussed below.
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B. While in the shop and installed in a suitable test rig, the

extended topworks of the valve are subjected to a statically
applied equivalent seismic load. The load is applied at the
center of gravity of the operator in the direction of the
weakest axis of the yoke. The design pressure of the valve
is simultaneously applied to the valve during the static
load tests.

C. The valve is then operated with the equivalent seismic
static load applied (i.e., from the normal operating status
to the faulted operating status). The valve cust perform
its safety-related function within the specified operating
time limits. Three full-stroke operations are required.

D. Motor operators and other electrical appurtenances necessary
for operation are qualified as operable during the SSE by
IEEE Standard 344-1975, Seismic Qualification Standards,
prior to their installation on the valve.

The piping designer supports the piping in such a way that the
equivalent seismic static load accelerations are not exceeded at
the valve inlet and outlet support points. If the frequency of
the valve with topworks, by test or analysis, is less than 33 Hz,
a dynamic analysis of the valve is performed to determine an 4

equivalent acceleration that is to be applied during the static
test. The analysis provides the amplification of the input
acceleration considering the natural frequency of the valve and
frequency content of the plant floor response spectra. The
adjusted accelerations are determined using margins similar to
that contained in the horizontal and vertical accelerations used E

for " rigid" valves. The adjusted accelerations are used in the
static analysis, and valve operability is assured by the methods
outlined in listings B to D above, using the modified
acceleration input.

The above testing program applies only to valves with overhanging
structures (e.g., the operator). The testing is conducted on a
representative number of valves. Valves from each of the primary
safety-related design types (e.g., motor-operated gate valve) are
tested. Specific valves are qualified by the tests, and the j
results are extended to qualify valves within a range of sizes. (
An analysis is conducted to prove the similarity between the

'

tested valve and the installed ones.
1

Due to the simple characteristics of check valves and other
compact valves, they are qualified by the following tests and
analysis:

A. Stress analysis of the attached piping for SSE loads. I

B. In-shop hydrostatic test.
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C. In-shop seat leakage test.

i
D. Periodic valve exercise and inspection to assure the 4

functional ability of the valve.

Using the methods described, safety-related active valves in the
system are qualified for operability during a. seismic event.

3.9.3.3 Design and Installation Details for Mounting of
j

Pressure Relief Devices !

Safety valves and relief valves are analyzed in accordance with
the ASME Section III Code.

The method of analysis for safety valves and relief valves )
suitably accounts for the time-history of loads acting j
immediately following a valve opening (i.e., first few
milliseconds). The fluid-induced forcing functions are
calculated for each safety valve and relief valve using
one-dimensional equations for the conservation of mass, momentum,
and energy. The calculated forcing functions are applied at
locations along the associated piping where a change in fluid
flow direction occurs. Application of these forcing functions ton
the associated piping model constitutes the dynamic time-history
analysis. The dynamic response of the piping system is
determined from the input forcing functions. Therefore, a

Edynamic amplification factor is inherently accounted for in the
analysis. Alternatively, an equivalent static analysis may be I

used following the criteria given in Appendix II of the ANSI /ASME
B31.1 Code. This appendix provides a methodology for calculating
appropriate dynamic load factors. Where more than one safety
relief valve is installed on the same piping run, the sequence of
openings that induces the maximum stress will be considered.

Snubbers or strut-type restraints are used as required. The
stresses resulting from the loads produced by the sudden opening
of a relief or safety valve are combined with stresses due to
other pertinent loads and are shown to be within allowable limits
of the ASME Section III Code. Also, the analyses show that the
loads applied to the nozzles of the safety and relief valves do
not exceed the maximum loads specified by the manufacturer.

3.9.3.4 Component Supports

Supports for ASME Section III Code Class 1, 2 and 3 components
are specified for design in accordance with the loads and loading

| combinations discussed in Section 3.9.3.1 and' presented in
| Table 3.9-2.

Component supports which are loaded during normal operation,
seismic and following a pipe break (branch line breaks not
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eliminated by leak-before-break) are specified for design for
loading combinations (A) through (D) of Section 3.9.3.1. Design
stress limits applied in evaluating loading combinations (A),

(D), and (C) of Section 3.9.3.1 are consistent with the ASME
Code, Section III. The design stress limits applied in

evaluating loading combination (D) of Section 3.9.3.1 are in
accordance with the ASME D&PV Code, Section III. Loads in

compression members are limited to 2/3 of the critical buckling
load.

Where required, snubber supports are used as shock arrestors for
safety-related systems and components. Snubbers are used as
structural supports during a dynamic event such as an earthquake
or a pipe break, but during normal operation act as passive
devices which accommodate normal expansions and contractions of
the systems without resistance. For System 80+, snubbers are
minimized, to the extent practical, thicugh the use of design
optimization procedures.

Assurance of snubber operability is provided by incorporating
analytical, design, installation, in-service, and verification
criteria. The elements of snubber operability assurance for

,

System 80+ include:

A. Consider tion of load cycles and travel that each snubber
will experience during normal plant operating conditions.

B. Verification that the thermal growth rates of the system do
not exceed the required lock-up velocity of the snubber.

Accurate characterization of snubber mechanical properties^
.

in the structural analysis of the snubber-supported system.

D. For engineered, large bore snubbers, issuance of a design
specification to the snubber supplier, describing the
required structural and mechanical performance of the
snubber; verification that the specified design and
fabrication requirements are met.

E. Verification that snubbers are properly installed and
operable prior to plant operation, through visual inspection
and through measurement of thermal movements of
snubber-supported systems during start-up tests.

F. A snubber in-service inspection and testing program, which
includes periodic maintenance and visual inspection,
inspection following a transient event, a functional testing
program, and repair or replacement of snubbers failing
inspection or test acceptance criteria.
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3.9.4 CONTROL ELEMENT DRIVE MECHANISMS

3.9.4.1 Descriptive Information of CEDM

The control element drive mechanism (CEDMs) are magnetic jack
type drives used to vertically position and indicate the position
of the control element assemblies (CEAs). Each CEDM is capable
of withdrawing, inserting, holding, or tripping the CEA from any
point within its 153-inch stroke in. response to operation
signals.

| The CEDM is designed to function during and after all - normal
plant transients. The CEA drop time for 90% insertion is 4.0
seconds maximum. The drop time is defined as the interval

'

between the time power is removed from the CEDM coils to the time
the CEA has reached 90% of its fully inserted position. The CEDM

Epressure boundary components have a design life of 60 years. The
CEDM is designed to operate without maintenance for a minimum of

i 1-1/2 years and without replacing components for a minimum of 3
years. The CEDM is designed to function normally during and
after being subjected to the Operating Basis Earthquake loads.
The CEDM will allow for tripping of the CEA during and after a E

Safe Shutdown Earthquake.

O The design and construction of the CEDM pressure housing fulfill
the requirements of the ASME boiler and Pressure Vessel Code,
Section III, for Class 1 vessels. The CEDM pressure housings are
part of the reactor coolant pressure boundary, and they are ,

'designed to meet stress requirements consistent with those of the
vessel. The pressure housings are capable of withstanding,
throughout the design life, all normal operating loads, which ,

'

include the steady-state and transient operating conditions
specified for the vessel. Mechanical excitations are also
defined and included as a normal operating load. The CEDM i

pressure housings are service rated at 2500 psi at 650*F. The
loading combinations and stress limit categories are presented in
Table 3.9-16 and are consistent with thosa defined in the ASME
code.

1
l

O
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The design duty requirements for the CEDM is a total cumulative
CEA travel of 100,000 feet operation without loss of function.

The test programs performed in support of the CEDM design are
| described in Section 3.9.4.4.

3.9.4.1.1 Control Element Drive Mechanism Design
Description

The CEDMs are mounted on nozzles on top of the reactor vessel
closure head. The CEDMs consist of the upper and lower CEDM
pressure housings, motor assembly, coil stack assembly, reed
switch assemblics, and extension shaft assembly. The CEDM is
shown in Figure 3.9-8. The drive power is supplied by the coil
stack assembly, which is positioned around the CEDM housing. Two
position indicating reed switch assemblies are supported by the
upper pressure housing shroud, which encloses the upper pressure
housing assembly.

The lifting operation consists of a series of magnetically
operated step movements. Two sets of mechanical latches are
utilized engaging a notched extension shaft. To prevent
excessive latch wear, a means has been provided to unload the
latches during the engaging operations. The magnetic force is
obtained from largo de magnet coils mounted on the outside of the
lower pressure housing.

Power for the electromagnets is obtained from two separate
supplies. A control programmer actuates the stepping cycle and
moves the CEA by a forward or reverse stepping sequence. Control
element drive mechanism hold is obtained by energizing one coil
at a reduced current, while all other coils are deenergized. The
CEAs are tripped upon interruption of electrical power to all
coils. Each CEDM is connected to the CEAs by an extension shaft. E

The weight of the CEDMs and the CEAs is carried by the pressure
vessel head. Installation, removal, and maintenance of the CEDM
is possible with the reactor vessel head in place; however, the
missile shield placed over the reactor vessel cavity makes the
CEDMs inaccessible during operation of the plant.

The axial position of a CEA in the core is indicated by three
independent readout systems. One counts the CEDM steps
electronically, and the other two consist of magnetically
actuated reed switches located at regular intervals along the
CEDM. These systems are designed to indicate CEA position to E
within i 2-1/2 inches of the true location. This accuracy
requirement is based on ensuring that the axial alignment between
CEAs/PLCEAs is maintained within acceptable limits.

The materials in contact with the reactor coolant used in the
CEDM are listed in Section 4.5.1.
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3.9.4.1.1.1 CEnM Pressure Housing

,

l
'

The CEDM pressure housing consists of tho motor housing assembly
and the upper pressure housing assembly. The motor housing
assembly is attached to the reactor ver,sel head nozzle by means
of a threaded joint and seal welaed. Once the motor housing
assembly is seal welded to the head nozzle, it need not be
removed since all servicing of the CEDM is performed from the top
of the housing. The upper pressure housing is threaded into the
top of the motor housing assembly and seal welded. The upper
pressure housing encloses the CEDM extension shaft and contains a
vent.

3.9.4.1.1.2 Motor Assembly

The motor assembly is an integral unit which fits into the motor
housing and provides the linear motion to the CEA. The motor
assembly consists of a latch guide tube, upper latches and lower
latches.

Both upper latches and lower latches are used to perform the
stepping of the CEA and by proper sequencing perform a load
transfer function and to minimize latch and extension shaft wear.
The upper latch also performs the holding when CEA motion is not
required. Engagement of the extension shaft occurs when the
appropriate set of magnetic coils is energized. This moves
c3iding magnets which cam a two-bar linkage moving the latches
i n' 'a rd . The upper latches move vertically 7/16 inches while the
lower latches move vertically 3/8 inches to perform both the load
transfer and stepping action. Total CEA motion per cycle is 3/4
inches.

3.9.4.1.1.3 Coil Stack Assembly

The coil stack assembly for the CEDM consists of four large DC
magnet coils mounted on the outside of the motor housing
assembly. The coils supply magnetic force to actuate mechanical

i

latches for engaging and driving the CEA extension shaft. Power
for the magnetic coils is supplied from two separate supplies. A
CEDM control system actuates the stepping cycle and obtains the
correct CEA position by a forward or reverse stepping sequence.
CEDM hold is obtained by energizing the upper latch coil at a
reduced current while all other coils are deenergized. The CEAs
are tripped upon interruption of electrical power to all coils.
Electrical pulses from the magnetic coil power programmer provide
one of the means for transmitting CEA position indication.

A conduit assembly containing the lead wires for the coil stack
j assembly is located at the side of the upper pressure housing

shroud.'
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3.9.4.1.1.4 Reed Switch Assembly

Two reed switch assemblies provide separate means for
transmitting CEA position indication. Reed switches and voltage
divider networks are used to provide two independent output
voltages proportional to the CEA position. The reed switch
assemblies are positioned so as to utilize the permanent magnet
in the top of the extension shaft. The permanent magnet actuates
the reed switches as it passed by them. The reed switch
assemblics are provided with accessible electrical connectors at
the top of the upper pressure housing.

3.9.4.1.1.5 Extension Shaft Assembly

The extension shaft assemblies are used to link the CEDMs to the
CEAs. The extension shaft assembly is a 304 stainless steel rod
with a permanent magnet assembly at the cop for actuating reed
switches in the reed switch assembly, a center section called the
drive shaft and a lower end with a coupling device for connection
to the CEA.

The drive shaft is a long tube made of Type 304 stainless steel.
It is threaded and pinned to the extension shaft, The drive

O shaft has circumferential notches in 3/4 inch increments along.
the shaft to provide the means of engagement to the control
element drive mechanism.

| The magnet assembly, located in the top of the extension shaft
assembly, consists of a housing, magnet and plug. The magnet is
made of two cylindrical alnico -5 magnets. This magnet assembly
is used to actuate the reed switch position indication and is
contained in a housing which is plugged at the bottom of the
housing.

3.9.4.1.2 Description of the CEDM Motor Operation

Withdrawal or insertion of the CEA is accomplished by programming
current to the various coils. There are three programmed
conditions for each coil (i.e., high voltage for initial gap
closure, low voltage for maintaining the gap closed and zero
voltage to allow opening of the gap).

3.9.4.1.2.1 Operating Sequence for the Double Stepping
Mechanism

The initial condition is the hold mode. In this condition, the
upper latch coil is energized at low voltage.

3.9-51
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A. Withdrawal (Ref. Figure 3.9-8)

1. The upper lift coil is energized causing the 7/16"
upper lift gap to close lifting the CEA.

2. Low current is supplied to hold the CEA in the
withdrawn position.

3. The lower latch coil is energized causing the lower
latches to engage the drive shaft with 1/32-inch
clearance.

4. The upper lift coil is deenergized allowing the upper
latches to drop 7/16 inches and the drive shaft to
lower 1/32 inches placing the load on the lower
latches.

S. The upper latch coil is deenergized disengaging the
upper latches.

6. The lower lift coil is energized lifting the drive
shaft 3/8 inches.

7. The upper latch coil is energized engaging the upper
latches in the drive shaft with 1/32-inch clearance.

8. The lower lift coil is deenergized allowing the lower
latches to drop 3/8 inches and causing the drive shaft
to drop 1/32 inches applying the load on the upper
latches.

9. The lower latch coil is deenergized disengaging the
lower latches from the drive shaft.

B. Insertion

1. The lower latch coil is energized causing the lower
latches to engage the drive shaft.

2. The lower lift coil is energized lifting the lower
latchen 3/8 inches and lifting the drive shaft 1/32
inches thus applying the load to the lower latches.

J

3. The upper latch coil is deenergized causing the upper i

latches to disengage the drive shaft.

4. The upper lift coil is energized moving the deenergized
upper latch assembly up 7/16 inches. g

O
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5. The upper latch coil is energized engaging the latches
with clearance.

6. The lower lift coil is deenergized allowing the' lower
latch to drop with the drive shaft. The drive shaft E-
will move down 3/8 inch, stopping on the upper latch
assembly, which is energized and in its up position.

7. The lower latch coil is deenergized disengaging the
lower latches.

8. The upper lift coil is deenergized lowering the upper
latch assembly'with the drive shaft 3/8 inch. E

3.9.4.2 Applicable CEDM Design Specifications

The pressure boundary components are designed and fabricated in
accordance with the requirements for Class 1 vessels per the
applicable Edition and Addenda of Section III of the ASME Boiler
and Pressure Vessel Code. The pressure boundary material
complies with the requirements of Section III and IX of the ASME
Boiler and Pressure Vessel Code and Code Case N4-11. E

O The adequacy of the design of the non-pressure boundary
components have been verified by prototype accelerated life
testing as discussed in Section 3.9.4.4.

The reed switch position transmitter assembly of the CEDM is
i

designed to comply with IEEE 323-1974, standard for
'

" Qualification of Class I Electrical Equipment for Nuclear Power
Generating Stations," and IEEE 344-1975, " Recommended Practice
scismic Qualification of Class I Electric Equipment for Nuclear
Power Generating Stations." The electrical ' components are
external to the pressure boundary and are non-pressurized.

i

The test program to verify the CEDM design is discussed in
,

Section 3.9.4.4. !

3.9.4.3 Desian load E Stress Limits and Allowable
p_ deformations !

The CEDM stress analyses consider the following loads: !
i

A. Reactor coolant pressure and temperature |

B. Reactor operating transient conditions
;

C. Dynamic stresses produced by seismic loading

D. Dynamic stresses produced by mechanical excitations
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E. Loads produced by the operation and tripping of the

mechanism

The methods used to demonstrate that the CEDMs operate properly
under seismic conditions are presented in Section 3.7.3.14.

The design and fabrication of the CEDM pressure boundarf
components fulfills the requirements of the ASME Code, Section
III, for Class I vessels. The pressure housings are capable of
withstanding throughout the design life all the steady state and
transient operating conditions specified in Table 3.9-16.

The adequacy of the design of the CEDM pressure boundary and
non-pressure boundary components has been verified by prototype
accelerated life testing as discussed in Section 3.9.4.4.

Clearances for thermal growth and for dimensional tolerances were
investigated, and tests have proven that adequate clearances are
provided for proper operation of the CEDM.

The latch locations are set by a master gauge, and settings are
verified by testing at reactor conditions.

A weldable seal closure, per Section III of the ASME Code, is
provided for the vent valve in case of leakage.

The motor housing fasteners are mechanically positively captured,
and all threaded connections are proloaded before capturing.

The coil stack assembly can be installed or removed simply by
lowering or lifting the stack, relative to the CEDM pressure
housing, for case of coil replacement or maintenance.

1

3.9.4.4 _C_EDM Performance Assurance Procram

3.9.4.4.1 CEDM Testing

3.9.4.4.1.1 Prototype Accelerated Life Tests j

The System 80+ CEDM is similar to and based on existing magnetic
jack mechanisms presently in use on operating reactors such as
Maine Yankee (Docket No. 50-309) and Calvert Cliffs (Docket
50-317), the 150-inch core reactors such as Arkansas Nuclear One
Unit 2 (Docket No. 50-368) and San Onofre Units 2 & 3 (Docket No. )
50-361/362), and is the same as the System 80 CEDM presently in
use at Palo Verde (Docket Nos. 50-528, 529). I

E I
The significant differences between the System 80+ drives and |
pro-System 80 CEDMs are:
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A. The elimination of the pulldown coil.

B. The use of the lift coils to perform both a load transfer
function and stepping action.

The elimination of the pulldown coil required installation of a
coil spring to ensure positive resetting of the latch assemblies.
In addition, the drive shaft was modified by placing the teeth on

3/4-inchpitchinplaceofthe3/8-inchspacingofpreviousdrive|E
shafts to allow load transfer and stepping with the same coil.
The safety release mechanism uses the same materials and
clearances as on all previous magnetic jack mechanisms. The
following describes accelerated life tests on both a pre-System
80 mechanism as well as on a prototype System 80 CEDM. Both
programs provide design verification for the System 80+ CEDM.

A pre-System 80 prototype CEDM was subjected to an accelerated
life test accumulating a minimum of 157,000 feet of travel on all
CEDM components. In addition, the latch guide tube bearings in
the motor assembly saw an additional 50,000 feet of operation.

The prototype mechanism was installed on a test facility which
was operated at a nominal temperature of 600*F and 2250 psi.
After 50,000 feet of operation lifting 230 pounds at 40 inches

I ' per minute, the motor was removed from the test motor housing and
the bearing surfaces inspected. During this inspection it was
found that excessive wear existed on the upper gripper magnet and

,

upper gripper housing bearings.
{

The gripper housing magnet bearing configuration was revised and
replacement parts with this revision were incorporated into the
prototype mechanism. This configuration was reinstalled into the j
test facility and the mechanism operated as before for an I

additional 157,000 feet of travel. The replacement parts showed
a wear of only .001 inches while the latch guide tube bearings
had a total wear of 0.012 inches. The mechanism at disassembly
was still operational with no abnormalities. This test
constituted operation equivalent to 1.5 to 2.0 times the design
duty requirements of the mechanism.

A prototype System 80 CEDM was assembled and installed in a test
loop, where the accelerated wear test was conducted at 615'F and

| 2250 psi. The total weight attached to the CEDM was 450 pounds
and this was moved at a nominal speed of 30 inches per minute. A
total of 34,000 feet of travel was then completed without
difficulty. Included in that test footage were 300 full-height
gravity scrams.

Q The mechanism motor was removed from the test facility and
V disassembled for inspection. The latch guide tube bearings
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showed a maximum diametral wcar of 0.003 inches with negligibic
wear on the gripper housing to gripper magnetic bearings.
Alignment tabs, which maintain orientation of the gripper with
the latch guide tube, showed extensive wear but had not caused
mechanism malfunctions. These alignment tabs have been replaced
in the production units with an improved design.

,

Upon completion of the accelerated wear test, 300 full height
light weight drops were completed utilizing a 75-pound test
weight. The maximum CEA drop time to 90% insertion was 2.93
seconds which met the 4.0 second criterion. All release times
were less than the 0.3 seconds with normal releases completed in
less than 0.200 seconds.

3.9.4.4.1.2 First Production Test

A qualification test program was completed on the first
production C-E magnetic jack CEDM. A similar test program was
invoked for the System 80 CEDMs. During the course of this
program, over 4000 feet of travel was accumulated and 30 full
height gravity drops were made without mechanism malfunction er
measurabic wear on operating parts. The program included tne
following:

A. Operation at 40 in./ min lifting 230 pounds (dry) at ambient
temperature and 2300 psig pressure for 800 feet.

. D. Six full-height 230 pounds dry weight gravity drops at
ambient temperature.

C. Operation at simulated reactor operating condition at 40
in/ min lifting 230-pound for 1700 feet.

D. Six full-height drops at simulated reactor operating,

conditions with 230 pounds of weight.

E. An operational test at ambient temperature and 230C
psig|E'

pressure, lifting 335 pounds for 500 feet. |

F. Six full-height drops of the 335 pound weight. ;

G. Operation at simulated reactor conditions for 1700 feet at )
I20 in/ min, lifting 335 pounds.

H. Operation at ambient temperature and 2300 psig for 1100 feet
and 20 full-height drops with an attached dry weight of 130
pounds.,

The mechanism operated without malfunction throughout the test
program and, upon final inspection, no measurable wear was found.

Amendment E
3.9-56 December 30, 1988



- - - - - -

CESSARMEb-

v
3.9.4.4.1.3 Operating Experience at the Palo Verde Nuclear

Generating Station

The System 80+ CEDMs are identical to those in operation at
PVNGS. That experience has shown that the CEDMS operate without
malfunction and without any measurable wear. E

3.9.5 REACTOR VEBSEL CORE SUPPORT AND INTERNALS STRUCTURES

3.9.5.1 Desian Arrangements

The components of the reactor vessel core support structures are
divided into two major parts consisting of the core support
structure and the upper guide structure assembly. The flow
skirt, although functioning as an integral part of the coolant
flow path, is separate from the internals and is affixed to the
bottom head of the pressure vessel. The arrangement of these
components is shown in Figure 3.9-9.

I
3.9.5.1.1 Core Support Structure !

I

The major strucOtral member of the reactor internals is the core
support structure. The core support structure consists of the
core support barre 2 and the lower support structure. The,

material for the assembly is Type 304 stainless steel.

The core support structure is supported at its upper end by the
upper flange of the core support barrel, which rests on a ledge
in the reactor vessel. Alignment is accomplished by means of
four equally spaced keys in the flange, which fit into the keys
in the vessel lodge and closure head. The lower flange of the
core support barrel supports, secures, and positions the lower
support structure and is attached to the lower support structure
by means of a welded flexural connection. The lower support
structure provides support for the core by means of support beams
that transmit the load to the core support barrel lower flange.

| The locating pins in the beams provide orientation for the lower
ends of the fuel assemblies. The core shroud, which provides a
flow path for the coolant and lateral support for the fuel
assemblies, is also supported and positioned by the lower support
structure. The lower end of the core support barrel is
restricted from excessive ~ radial and torsional movement by six
snubbers which interface with the pressure vessel wall.

3.9.5.1.1.1 Core Support Barrel
,

I
'

The core support barrel is a right circular cylinder including a
heavy external ring flange at the top end and an internal ring

Os
flange at the lower end. The core support barrel is supported
from a ledge on the pressure vessel. The core support barrel, in

|
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turn, supports the lower support structure upon which the fuel
assemblies rest. Press-fitted into the flange of the core j
support barrel are four alignment keys located 90 degrees apart. |

The reactor vessel, closure head, and upper guide structure {
assembly flange are slotted in locations corresponding to the l

alignment key locations to provide alignment between these
components in the vessel flange region. The core support barrel
assembly is shown in Figure 3.9-10.

The upper section of the barrel contains two outlet nozzles that
interface with internal projections on the vessel nozzles to
minimize leakage of coolant form inlet to outlet. Since the
weight of the core support barrel is supported at its upper end,
it is possible that coolant flow could induce vibrations in the
structure. Therefore, amplitude limiting devices, or snubbers,
are installed on the outside of the core support barrel near the
bottom end. The snubbers consist of six equally-spaced lugs
around the circumference of the barrel and act as a
tongue-and-groove assembly with the mating lugs on the pressure
vessel. Minimizing the clearance between the two mating pieces
limits the amplitude of vibration. During assembly, as the
internals are lowered into the pressure vessel, the pressure
vessel lugs engage the core support barrel lugs in an axial
direction. Radial and axial expansion of the core support barrel
are accommodated, but lateral movement of the core support barrel
is restricted. The pressure vessel lugs have bolted, captured
Inconel X shims. The core support barrel lug mating surfaces are
hardfaced with Stellite to minimize wear. The shims are machined
during initial installation to provide minimum clearance. The
snubber assembly is shown in Figure 3.9-11. I

3.9.5.1.1.2 Lower Support Structure and Instrument Nozzle
Assembly

The lower support structure and ICI nozzle assembly position and
support the fuel assemblies, core shroud, and ICI nozzles. The
structure is a welded assembly consisting of a short cylinder,
support beams, a bottom plate, ICI nozzles, and and ICI nozzle
support plate. The lowest support structure is made up of a
short cylindrical section enclosing an assemblage of grid beams
arranged in egg-crate fashion. The outer ends of these beams are
welded to the cylinder. Fuel assembly locating pins are attached
to the beams. The bottoms of the parallel beams in one direction
are welded to an array of plates which contain flow holes to
provide proper flow distribution. These plates also provide
support for the ICI nozzles and, through support columns, the ICI
nozzle support plate. The cylinder guides the main coolant flow
and limits the core shroud bypass flow by means of holes located
near the base of the cylinder. The ICI nozzle support plate
provides lateral suppcrt for the nozzles. This plate is provided
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with flow holes for the requisite flow distribution. The lower
support structure and ICI nozzle assembly is shown in Figure
3.9-12.

3.9.5.1.1.3 Core Shroud

The core shroud provides an envelope for the core and limits the
amount of coolant bypass flow. The shroud consists of a welded
vertical assembly of plates designed to channel the coolant
through the core. Circumferential rings and a top and bottom end
plate provide lateral support, The rings are attached to the
vertical plates by means of welded ribs which extend the full
length of the core shroud. A small gap is provided between the
core shroud outer perimeter and the core support barrel in order j

to provide upward coolant flow in the annulus, thereby minimizing 1

thermal stresses in the core shroud. The core shroud is shown in
Figure 3.9-13. Four hardfaced alignment lugs, spaced 90 degrees
apart, protrude vertically from the top of the core shroud and
engage in corresponding hardfaced slots in the upper guide I

Istructure fuel alignment plate to ensure proper alignment between
the upper guide structure assembly, core shroud, and lower
support structure.

1 O 3.9.5.1.2 Upper Guide Structure Assembly
,

-

t%j
|

The Upper Guide Structure Assembly (UGS) assembly aligns and I

laterally supports the upper end of the fuel assemblies,
maintains the control element spacing, holds down the fuel
assemblies during operation, prevents fuel assemblies from being
lifted out of position during a severe accident condition and
protects the control elements from the effects of coolant cross!

'

flow in the upper plenum. The UGS assembly is handled as one
unit during installation and refueling.

The UGS assembly consists of the UGS support barrel assembly and
the CEA shroud assembly (Figure 3.9-14). The UGS support barrel

| assembly consists of UGS support barrel fuel alignment plate, UGS
base plate and control element shroud tubes. The UGS support
barrel consists of a right circular cylinder welded to a ring
flange at the upper end and to a circular plate (UGS base plate)
at the lower end. The flange, which is the supporting member for
the entire UGS assembly, seats on its upper side against the
pressure vessel head during operation. The lower side of the
flange is supported by the holddown ring, which seats on the core
support barrel upper flange. The UGS flange and the holddown
ring engage the core support barrel alignment keys by means of
four accurately machined and located keyways equally spaced at 90
degree intervals. This system of keys and slots provides an
accurate means of aligning the core with the closure head and

G thereby with the CEA drive mechanisms. The fuel alignment plate
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is positioned below the UGS base plate by cylindrical control
element shroud tubes. These tubes are attached to the UGS base ;

plate and the fuel alignment plate by rolling the tubes into the !

plates and welding. The fuel alignment plate is designed to
align the lower ends of the control element shroud tubes which in
turn locate the upper ends of the fuel assemblies. The fuel
alignment plate also has four equally spaced slots on its outer
edge which engage with Stellite hardfaced lugs protruding from
the core shroud to provide alignment. The control element shroud
tubes bear the upward force on the fuel assembly holddown i

devices. This force is transmitted from the alignment plate
through the control element shroud tubes to the UGS barrel base
plate.

The CEA shroud assembly limits cross flow and provides separation
of the CEA assemblies. The assembly consists of an assemblage of
large vertical tubes connected by vertical plates in a grid
pattern. The shroud assembly is mounted on the UGS base plate
and is held in position by eight tie rod tube assemblies which
are threaded into the UGS base plate at their lower end. The tie
rods are bolted against olates located at the top of the CEA
chroud assembly and are pretensioned. The tubes and connecting
plates are furnished with multiple holes to permit hydraulic
communication. Guides for the CEA extension shafts are provided E

by the guide structure support system (GSSS).

The holddown ring provides axial force on the flanges of the
upper guide structure assembly and the core support structure in
order to prevent movement of the structures under hydraulic
forces. The holddown ring is designed to accommodate the
differential thermal expansion between the pressure vessel and
the internals in the vessel ledge region.

3.9.5.1.3 Flow Skirt

The Inconel flow skirt is a right circular cylinder, perforated
with flow holes, and reinforced with two stiffening rings. The
flow skirt is used to reduce inequalities in core inlet flow
distributions and to prevent formation of large vorticos in the
lower plenum. The skirt is supported by nine equally spaced
machined sections that are welded to the bottom head of the
pressure vessel.

3.9.5.1.4 In-Core Instrumentation Support System

The complete in-core neutron flux monitoring system includes
self-powered in-core detector assemblics, supporting structures
and guido paths, an external movable detector drive system and an
amplifier syst.cm to process detector signals. The self-powered
in-core detector assemblics and the amplifier system are
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described in Section 7.7. The external movable detector drive
system and the instrumentation supporting structures and guide
paths are described in this section and shown in Figure 3.9-15.

The support system begins outside the pressure vessel, penetrates
the bottom of the vessel boundary and_ terminates in-the upper end
of the fuel assembly. Each in-core instrument is guided over its
full length by the external guidance conduit, the pressure vessel ~
nozzles, the lower support structure ICI nozzles and the
instrument guide tube of the fuel assembly. Figure 3.9-12 shows
the in-core instrument support structure. The in-core
instrumentation support system routes the instruments so that
derictors are located in selected fuel assemblies throughout the
core. An equal instrument length exists for all locations. The
guide tube routing outside the reactor vessel is a simple 180*
bend to the seal table. The pressure boundaries for the
individual instruments are at the out-of-reactor seal- table,
where the external electrical connections to the' in-core
instruments are made (Figure 3.9-15).

The in-core instrument assemblics contain a movable detector
guide tube to allow insertion of a miniature .movableL flux
detector. The assemblies have an integral seal plug which forms

I a seal'at the instrument seal table and through which the signal
cables and movable guide tube pass.- Static O-ring seals are used
to seal against operating pressure.

The movable detector drive system consists of two drive machines,
two transfer machines, two drive cables with detectors and the
interconnecting tubing. Because the two halves of the system are
identical with only several connections between them .(leak
detection and gas purge), only half of the system is described
below.

| A fission chamber is used as the movable flux detection device,
i The detector signal cable is wound with an edgewise helical steel

wrap to form the drive cable. This cable construction allows a
hobbed wheel in the drive machine to drive the - cable in either
direction. The drive machine consists of a cable reel, a. drive
motor, gear reducer, hobbed drive wheel and a . shaft position
encoder. The detector may be positioned from the control room by
use of the plant computer or a separate control box.

The detector may be shifted from any location to any other
location in less than eight minutes. The detectors are shifted
by the transfer machine which is mounted above the seal table.
The machine consists of a geared drive motor, multiple position
Genova positioning mechanism, inlet and outlet- tubes and

/' misce.llaneous limit and interlock switches. External commands
control the motor to position the mechanism so that the inlet

:

1
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path is lined up with the correct outlet path. The . transfer
machine also has connections for inert gas blanketing and for |

guide tube leak detection. The gas connection allows an inert j

gas supply to blanket the transfer machine and movable datector !

guide tubes during machine operation. !
J

!The leak detector alarm system is a float switch mounted in a
chamber which is fed from both transfer machines. Any leak which
might cccur in a movable detector guide tube flows to the
transfer machine and then to the transfer machine sump, which
exits to the leak detector. A solenoid valve past the leak
detector allows remote drainage of the leak detector sensing j

'

line.

3.9.5.2 Desian Loadina Conditions

inthedesignof|EThe following loading conditions are considered
the core support and internals structures.

A. Normal operating temperature differences

B. Normal operating pressure differences

C. Flow loads

D. Weights, reactions and superimposed loads

E. Vibration loads

F. Shock loads (including operating basis and safe shutdown
earthquakes)

G. Anticipated transient loadings not requiring forced shutdown

H. Handling loads (not combined with other loads above)
E

3.9.5.3 Desi_gn____Loadina Catecories

The design loading conditions are categorized as follows:

3.9.5.3.1 Les31 A and Level B 6ervice Loa. dings E

This category includes the combinations of design loadings
consisting of normal operating temperature and pressure
differences, loads due to flow, weights, reactions, superimposed
loads, vibration, shock loads including operating basis
earthquake, and transient loads not requiring shutdown. |

O
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3.9.5.3.2 Level D Service Loadings

The following loading combination shall be considered as Level D
Service Loadings.

A. Normal Operation Loads

B. Either the Design Basis Pipe Break (DBPB), or Main
Steam / Feed Water Pipe Break (MS/ FWPB) , or Loss of Coolant
Accident (LOCA) Loads

C. Safe Shutdown Earthquake (SSE) Loads
E

| The DBPB is defined as a postulated pipe break that results in
the loss of reactor coolant at a rate less than or equal to the
capability of the reactor coolant makeup system (i.e. less than
150 GPM).

l
LOCA is defined as the loss of reactor coolant at a rate in '

excess of the reactor coolant normal makeup rate, from breaks in j

the reactor coolant pressure boundary inside primary containment |

up to, and including, a break equivalent in size to the largest
remaining primary branch line not eliminated by leak before break

( i (LBB) criteria.%.) 1

3.9.5.4 Design Bases for Reactor Internals
|

The stress limits to which the reactor internals are designed are
listed in Table 3.9-17.

No Level C condition has been identified for the applicable
components. Therefore, no stress criteria are provided. '

The operating categories and stress limits are defined in the
applicable section of the Section III of the ASME Boiler and
Pressure Vessel Code.

|

| To properly perform their functions, the reactor internal
I structures are designed to meet the deformation limits listed

below:

A. Under Level A and Level B service loadings, the core will be
held in place and deflections will be limited so that the
CEAs can be inserted under their own weight as the only
driving force.

B. Under service loading combinations other than Level A and B
service loadings that require CEA insertability, deflections

,Q are limited so that the core will be held in place, adequate
V
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core cooling is preserved, and all CEAs can be inserted.
Those deflections that would influence CEA movement are
limited to less than 80% of the deflections required to
prevent CEA insertion.

The allowable deformation limits are listed in the following
tabulation. Allowable limits are established as 80% of the
loss-of-function deflection limits.

Location Allowable Deflection

Fuel lower end fitting, 2.600 inches
lower supporc structure (Disengagement)

Fuel upper end fitting, 1.216 inches
upper guide structure (Disengagement)

CEA Shroud (lateral) 0.209 inches
(CEA Insertion)

O

|
|

|

@
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In the design of critical reactor vessel internals componsa:s
which are subject to fatigue, the stress analysis is performed
utilizing the design fatigue curve of Figure I-9-2 of Section III |
of the ASME Boiler and Pressure Vessel Code. A cumulative usaga
factor of less than one is used as the limiting criterion.

As indicated in the preceding sections, the stress and fatigue >

limits for reactor in'ernals components are obtained from the |
'ASME Code. Allovable ;eformation limits are established as 80%

of the loss-of-f'2nctiv2 deflection limits. These limits provide
adequate safety factors assuring that so long as calculated
stresses, usage factors, or deformations do not exceed these
limits, the design is conservative.

3.9.6 IN-BERVICE TESTING OF POMPB AND VALVES

The in-service testing program for Code class 1, 2 and 3 puwps
and valves will be developed in accordance with the requirements
of Section XI of the ASME B&PV Code. This program will .be
implemented to assess operational readiness during preservice and

) in-service inspection.

3.9.6.1 In-service Testinc of Pumps
E

In-service testing of pumps is limited to those Code Class 2 and
3 pumps which are required to perform a specific function in
shutting down a reactor or in mitigating the consequences of an
accident, and that are provided with an emergency power source.
The required hydraulic and mechanical patnineters will be measured
by the methods and with frequency prescribed in Subsection IWP of !

ASME Section XI. The pump test plan and schedule are included in
the technical specificat. ions.

3.9.6.2 In-service Testina of Valves j

Code Class 1, 2 and 3 valves will be categorized in accordance
With Subarticle IWV-2100 of AFME B&PV Code Section XI. Valves
w311 be tested to the requirement s of Subsection IWV for each
valve category. The testing plan will not include those Code
Class 1, 2 and 3 valves which tre exempt from testing in 1
accordance with Subarticle IWV-1200 of Section XI. The valve
test procedure and schedule are included in the technical ;

'

specifications.
,
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TABLE 3 . 9 - 2,

(Sheet 1 of 3)

TRANSIENTS USED IN STRESS ANALYSIS OF
CODE CLASS 1 COMPONENTS

Normal conditions

occurrence conditione

Heatup and 500 heatup and cooldown cycles during the
cooldown cycles ' design 1-ife of the componentsLin the system.

The_rato of heating and cooling is 100'F/hr
between 70*F and 565*F except for the
pressurizer which -has a rate _of. 200*F/hr
between 70*F and 653*F. The heatup and
cooldown rate of the system is
administratively limited to assure that these
limits will not be exceeded. This-condition
is based on a normal plant cycle of one
heatup and cooldown per month rounded up to
the.next highest hundred.

Power changes 15,000 power change cycles over the range of
15% to 100% of full' load at a rate of 5% of
full load per minute either increasing or
decreasing. 1(

6Normal cyclic 10 step changes of 100 psi and 10*F
variations ( 20*F for surge line) when at operating

| conditions. This condition is selected based
) on 1 million-cycles approximating an infinite
I number of cycles so that the limiting stress

is the endurance limit. Grouped together in
these cycles are: pressure variations
associated with fluctuation in pressurizer
pressure between the sotpoint for actuation
of the backup heato.rs and the opening of the
spray valves; temperature variations.
associated with the CEA controller deadband;
and 2,000 step power changes of 10% of full
load assuming 1 cycle per week for 50 weeks
of the year.
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TABLE 3.9-1 (Cont'd)

(Sheet 2 of 3)

TRANSIENT _S USED IN STRESS ANALYSIS OF
CODE CLASS 1 COMPONENTS

Upset Conditions

occurrence Conditions

Reactor trip, 480 cycles are used to envelope all
turbine trip, anticipated upset transients, (one occurrence
loss of reactor per month for the life of the plant) which
coolant flow includes any combination of reactor trips,

equipment malfunction, or a total loss of
reactor coolant flow. For design purposes,
conservative temperature / pressure time
histories are provided in the design
specification for each Class 1 component, !

which reflects its unique response during
these events. Further thermal transient
information is specified for the nozzles on
these components, when they experience

.

J

additional transients due to changing flow
conditions.

OBE condition See Section 3.7.3.2 for the procedures used
to determine the number of earthquake cycles
during the seismic event.

1

Faulted Condition i

1. The concurrent loading produced by normal operation at full
power, plus the design basis earthquake, plus
loss-of-coolant-accident (pipe rupture) are used to
determine the faulted plant loading condition.

2. Loss of Secondary Pressure: One cycle of a postulated loss
of secondary pressure due to a complete double ended
severance of one steam generator or feedwater nozzle, but
not simultaneously. These are not considered credible
events in forming the design basis of the reactor coolant
system. However, they are included to demonstrate that the
reactor coolant system components will not fail structurally
in the unlikely event that one of these events occur.

O
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TABLE 3.9-1'(Cont'd)

(Sheet 3.of 3)
I

TRANSIENTS USED IN STRESS ANALYSIS OF
CODE CLASS 1 COMPONENTS

Test Condition
i

|

Occurrence Conditions

Primary system 10 primary side cycles from.- 15 psi .to
hydrostatic 3,125 psi at.a temperature between 120*F to

400*F. These cycles are based on one initial
hydrostatic test.plus a major repair.every.4
years for 36 years which includes equipment
failure and normal plant cycles. The
secondary side of the steam generator is at
atmospheric pressure during'this test.

Primary system 200 cycles from 15 psi to 2250 psi at a
leak temperature between 120*F to ' 4 00 * F. These

O- cycles are based on -a normal plant.
'

maintenance op'eration involving 5 ~hutdownss
per year for 60 years.

E

!

,
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TABLE 3.9-2

LOADING COMBINATIONS ASME CODE CLASS 1. 2. AND 3 COMPONENTS

Design Loading (")
Condition Combination

Design PD
(0)

Level A (Normal)b) PO+DW
Level B (Upset)i PO+DW+0BE
Level C (Emergency) PO+DW+0E E

Level D (Faulted) P0+DW+SSE+DF

O

a) Legend: PD Design pressure=

P0 Operating pressure=

DW Dead weight=

OBE Operating Basis earthquake-

SSE Safe shutdown earthquake=

DE Dynamic system loadings associated with the=

emergency condition

DF Dynamic system loadings associated with a postulated=

pipe rupture for branch line breaks not eliminated by leak
before break analysis. E,

1

b) As required by ASME Code Section III, other loads, such as thermal transient,
thermal gradient, and anchor point displacement portions of the OBE require
consideration in addition to the primary stress producing ' loads listed.

Amendment E
December 30, 1988
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TABLE 3.9-3

}_T_R_ESS LIMITS FOR ASME CODE CLASS 1
COMPONENTS. PIPING. AND COMPONENT SUPPORTS

COMPONENT AND PIPING COMPONENT SUPPORT
STRESS LIMITS (a) STRESS LIMITS (c)

Design NB-3221, NB-3231 and NB-3652 NF-3221 or NF-3321, and NF-3225

Level A (Normal) NB-3222, NB-3232 and NB-3653 NF-3221 or NF-3321, and NF-3225

ELevel B (Upset) NB-3223. NB-3233 and NB-3654 NF-3221 or NF-3321,.and NF-3225

| Level C (Emergency) N8-3224, NB-3234 and NB-3655 NF-3221 or NF-3321, and NF-3225

i Level D (Faulted) NB 3225, NB-3235 and NB-3656 NF-3221 or NF-3321, and NF-3225

NOTES: a. Stress limits listed are used as required by ASME Section III, and
applicable addenda for all components except active components.m

I) Active components are designed to the stress limits of NB-3221 and
V NB-3231 for Design Conditions and the stress limits of NB-3222'and

NB-3232 for all other conditions for active components.

b. For faulted condition loadings, bolts in the load path connecting
two members of an NF support for Class 1. components are designed in i

accordance with Appendix XVII of the ASME Code for friction type
connections with tensile stresses limited to the lesser of 0.7 Su or
Sy.

c. Stress limits used are as required by ASME Section III and modified
by. Regulatory Guide 1.124 and 1.130. Component standard supports
may be designed to the limits of NF-3280. E

1

|

O
|

Amendment E
December 30, 1988
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TABLE 3.9-4

(Sheet 1 of 7)

SEISMIC I ACTIVE VALVES

ASME
VALVE. SYSTEM NAME VALVE SECTION III ACTUATOR

NO. -(safety function) TYPE CODE CLASS TYPE

SI 197 Safety injection Sys. Swing Check 1 'None
(Operate)

SI 196 Safety Injection Sys. Swing Check 1 None
(0perate)

CS 547 Containment Spray Sys. Swing Check 2 None
(Operate)

CS 546 Containment Spray Sys.. . Swing Check 2 None
(Operate)

SD 769 Shutdown Cooling Suction Relief 2- None
Relief (Operate)

SD 768 Shutdown Cooling Suction Relief 2 None
Relief (Operate)

SI 239 Safety Injection Sys. Swing Check 1 None
(Operate)

SI 244 Safety Injection Sys. Swing Check 1 None'-

(Operate)
51 238 Safety injection Sys. Swing Check 1 None

(0perate)
SI 246 Safety injection Sys. Swing Check 1 None E,

(Operate)
.

SI 237 Safety Injection Sys. Swing Check 1 None
(Operate)

51 245 Safety Injection Sys. Swing Check 1 None
(0perate)

SI 236 Safety Injection Sys. Swing Check 1 None
(Operate)

S1 247 Safety Injection Sys. Swing Check 1 None
(0perate)

SI 317 Safety Injection Sys. Globe 2 Motor
(Operate)

SI 319 Safety injection Sys. Globe 1 Pneumatic
(Close)

S1 318 Safety Injection Sys. Globe 1 Pneumatic
(Close)

SI 165 -Safety Injection Sys. Swing Check 1 None
(Operate)

SI 169 Safety Injection Sys. Swing Check 1 None
.(0perate)

O SD 766 Shudown Cooling Sys. Swing Check 2 None
Check (Operate)1-

Amendment E
December 30, 1988

1



_ - - - - - -

CESSAR nai"lCATION

O
TABLE 3.9-4 (Cont'd)

(Sheet 2 of 7)

SEISMIC I ACTIVE VALVES

ASME
VALVE SYSTEM NAME VALVE SECTION III ACTUATOR

NO. (safety function) TYPE CODE CLASS TYPE

SD 767 Shutdown Cooling Sys. Swing Check 2 None
Check (Operate)

SI 307 SIT Fill / Drain (Clos,' Globe 2 Pneumatic
SI 166 Safety Injection Sys. Swing Check 1 None

(Operate)
SI 170 Safety Injection Sys. Swing Check 1 None

(Operate)
S1 323 Safety Injection Tank Globe 2 Solenoid

Vent (Operate)
SI 322 Safety injection Tank Globe 2 Solenoid

Vent (Operate)
SI 321 Safety Injection Tank Globe 2 Solenoid

Vent (Operate)
SI 320 Safety injection Tank Globe 2 Solenoid }

Vent (Operate)
SI 339 Safety Injection Tank Globe 2 Pneumatic

Fill Valve (Close)
SI 327 Safety Injection Tank Globe 2 Solenoid

Vent (Operate) E

SI 343 Safety Injection Tank Gate 1 Motor
Isolation (0perate)

SI 314 Safety Injection Globe 2 Motor
Isolation (Operate)

SI 315 Safety Injection Globe 2 Motor
Isolation (Operate)

SI 347 Leakage Return to RWT Globe 1 Pneumatic
(Close)

SI 338 Safety Injection Tank Globe 2 Pneumatic
Fill Valve (Close)

SI 326 Safety injection Tank Globe 2 Solenoid
Vent (0perate)

S1 342 Safety injection Tank Gate 1 Motor
Isolation (Operate)

SI 316 Hot Leg Injection Globe 2 Motor
Isolation (Operate)

,

SI 346 Leakage Return to RWT Globe 1 Pneumatic |

(Close) |
SI 344 Safety Injection Tank Globe 1 Pneumatic '

Fill Valve (Close) q g

Amendment E
December 30, 1988
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TABLE 3.9-4 (Cont'd)

(Sheet 3 of 7)

SEISMIC I ACTIVE VALVES

ASME
VALVE SYSTEM NAME VALVE SECTION III ACTUATOR

NO. (safety function) TYPE CODE CLASS TYPE

S1 325 Safety Injection Tank Globe 2 Solenoid
Vent (Operate)

SI 341 Safety Injection Tank Gate 1 Motor
Isolation -(0perate)

SI 310 Safety injection Globe 2 Motor
Throttle (Operate)

SI 311 Safety injection Globe 2 Motor
Throttle (Operate)

31 313 Safety Injection Globe 2 Motor
Valve (Operate)

SI 345 Safety Injection Globe 1 Pneumatic
Sys. (Close)

SI 336 Safety Injection Tank Globe 2 Pneumatic
Fill Valve (Close)

N S1 324 Safety Injection Tank Globe 2 Solenoid
Vent (0perate)

SI 312 Safety injection Sys. Globe '2 Motor
Valve (0perate)

SD 654 Shutdown Cooling Sys. Globe 2 Motor
| Isolation (Operate) r
'

SD 655 Shutdown Cooling Sys. Globe 2 Motor
'

Isolation (Operate)
SD 673 Shutdown Cooling Gate 1 Motor i

Suction (Operate)
{SD 672 Shutdown Cooling Gate 1 Motor i

Suction (0perate)
SD 671 Shutdown Cooling Gate 1 Motor

|
Suction (Operate)

'

SD 670 Shutdown Cooling Gate 1 Motor
Suction (Operate)

SD 659 Shutdown Cooling Gate 2 Motor
Suction (Operate)

SD 658 Shutdown Cooling Gate 2 Motor
Suction (Operate)

SD 656 Shutdown Cooling Sys. Globe 2 Motor
(Operate)

SD 657 Shutdown Cooling Sys. Globe 2 Motor 1

(Operate) 1

O CS 503 Containment Spray Sys. Swing Check 2 None
'

1

d (Operate) J

i

Amendment E )
December 30, 1988
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TABLE 3.9-4 (Cont'd)

(Sheet 4 of 7)

SEISMIC I ACTIVE VALVES

ASME

VALVE SYSTEM NAME VALVE SECTION III ACTUATOR

NO. (safety function) TYPE CODE CLASS TYPE

CS 502 Containment Spray Swing Check 2 None
Sys. (Operate)

SI 139 Safety injection Sys. Swing Check 2 None
(0perate)

SI 140 Safety Injection Sys. Swing Check 2 None
(Operate)

SI 141 Safety injection Sys. Swing Check 2 None
(Operate)

S1 142 Safety Injection Sys. Swing Check 2 None
(Operate)

SD 731 Shutdown Cooling Sys. Swing Check 2 None
(Operate)

SD 730 Shutdown Cooling Sys. Swing Check 2 None
(0perate)

CS 522 Containment Spray Sys. Swing Check 2 None
(Operate)

CS 523 Containment Spray Sys. Swing Check 2 None
(Operate)

51 304 Hot Leg Injection Gate 2 Motor
E(Operate)

SI 305 Hot Leg injection Gate 2 Motor
(Operate)

CS 600 Containment Spray Gate 2 . Motor
Isolation Valve

(Operate)
CS 601 Containment Spray Gate 2 Motor

Isolation Valve
(Operate)

SD 652 SDCHX Throttle Butterfly 2 Motor
(Operate)

SD 653 SDCHX Throttle Butterfly 2 Motor
(Operate)

SD 650 SDCHX Bypass Globe 2 Motor
(Operate)

SD 651 SDCHX Bypass Globe 2 Motor
(Operate)

SI 199 Safety Injection Sys. Check 1 None
(Operate)

SI 198 Safety Injection Sys. Check 1 None
(Operate)

Amendment E

| December 30, 1988
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TABLE 3.9-4 (Cont'd)

'(Sheet 5 of 7)

SEISMIC I ACTIVE VALVES

ASME
^

VALVE SYSTEM NAME VALVE SECTION III ACTUATOR
NO. (safety function) TYPE CODE CLASS TYPE

SI 340 Safety Injection Sys. Check 1 None
(Operate)

CH 205 Auxiliary Spray (Close) Globe 1 Solenoid
CH 208 Charging Line (Close) Globe 1 Solenoid
CH 209 Charging Line Bypass Globe 1 Manual

(Close)
CH 241 Seal Injection Flow Globe 2 Pneumatic

Control Diaphragm
CH-242 Seal Injection Flow Globe 2 Pneumatic

Control Diaphragm
CH 243 Seal Injection Flow Globe 2 Pneumatic

Control Diaphragm
CH 244 Seal Injection Flow Globe 2 Pneumatic

Control Diaphragm
i

s CH 255 Seal Inj. Containment Globe 2 Motor
i Isolation (Operate)
'

CH 303 Charging Line Isolation Check 2 None
Check (Close)

CH 304 SDC Purification Check 2 None
Isolation (Close)

CH 307 SDC Purification Contain. Gate 2 Manual E

Isolation (Close)
CH 431 Auxiliary Spray Check Lift Check 1 None

(Close)
CH 433 Charging Line Check Lift Check 1 None

(Close)
CH 447 Auxiliary Spray Check Check 1 None

| (Close)
CH 448 Charging Line Check Check 1 None

(Close)
CH 494 RMW Supply Line to RDT Lift Check 2 None

Check (Close)
CH 505 RCP Controlled Bleed-0ff Globe 2 Pneumatic

(Close) i
,

CH 506 Containment Isolation Globe 2 Pneumatic I

(Close)
CH 515 Letdown Isolation Valve Globe 1 Pneumatic |

,

(Close)
i e CH 516 Letdown Line Isolation Globe 1 Pneumatic
| Valve (Close)5

| Amendment E
I December 30, 1988
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TABLE 3.9-4 (Cont'd)

(Sheet 6 of 7)

SEISMIC I ACTIVE VALYES

ASME

VALVE SYSTEM NAME VALVE SECTION Ill ACTUATOR

NO. (safety function) TYPE CODE CLASS TYPE

Cll 560 RDT Suction isolation Globe 2 Pneumatic

(Close)
Cil 561 RDT Suction isolation Globe 2 Pneumatic

(Close)
Cll 580 RMW Supply Isolation to Globe 2 Pneumatic

RDT Iso. (Close)
Cll 787 Seal Injection Check Lift Check 1 None

(Operate)
Cil 802 Seal Injection Check Lift Check 1 None

(Operate)
CH 517 Letdown Line Isolation Globe 2 Pneumatic

(Close)
CH 523 Containment Isolation Globe 2 Pneumatic

(Close) Motor { )
Cll 524 Charging Line Isolation Globe 2 i

(Close) i

Cli 520 Containment Isolation Globe 2 Pneumatic
(Close)

CH 807 Seal injection Check Lift Check 1 None g

(0perate)
Cil 812 Seal Injection Check Lift Check 1 none

(Operate)
CH 835 Seal Injection Check Lift Check 2 None

(Operate)
Cll 866 Seal Injection Check Lift Check 1 None |

(Operate) {
CH 867 Seal Injection Check Lift Check 1 None

(0perate) i
1

CH 86f. Seal Injection Check Lift Check 1 None
(Operate)

Cll-869 Seal injection Check Lift Check 1 None
,

(Operate) |
RC 200 RCS (Operate) Safety 1 None |
RC 201 RCS (Operate) Safety 1 None J
RC 202 RCS (Operate) Safety 1 None

RC 203 RCS (Operate) Safety 1 None
RC 244 RCS (Operate) Check 1 None

SD 1 Safety Depressurization Gate 1 Motor
System

SD 2 Safety Depressurization Globe / Angle 1 Motor! I

System

Amendment E
December 30, 1988
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TABLE 3.9-4 .(Cont'd)

(Sheet 7 of 7)

SEISMIC I ACTIVE VALVES

ASME

VALVE SYSTEM NAME VALVE SECTION III ACTUATOR

NO. (safety function) TYPE CODE CLASS TYPE

,

SD 3 Safety Depressurization Gate 1 Motor
! System
| SD 4 Safety Depressurization Globe / Angle 1 Motor

System
RV 101 Safety Depressurization Globe 2 Solenoid

System
RV 102 Safety Depressurization Globe 2 Solenoid

System
RV 103 Safety Depressurization Globe 2 Solenoid

System
RV 104 Safety Depressurization Globe 2 Solenoid

System
RC 105 Safety Depressurization Globe 1 Solenoid

- System q
RC 106 Safety Depressurization Globe 1 Solenoid

System E

RC 107 Safety Depressurization Globe 1 Solenoid
System

RC 108 Safety Depressurization Globe 1 Solenoid
System

|

ROTES: 1. (0perne) is defined as valve being capable of both opening and I

clo ing. |

2. (Close) is defined as valve being capable of moving to or maintaining
a closed position.

1

3. (0 pen is defined as valve being capable of moving to or maintaining an
open position.

t
U

Amendment E
December 30, 1988
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TABLE 3.9-5

STRESS CRIIERIA FOR SAFETY-RELATED ASME
CLASS 2 AND CLASS 3 VESSELS

Service Level Stress' Limits *
_

t

Design and Level A o 5 1.0 S
m

(o , or og) b+ o s 1.5 S

Level B o ,s 1.1 S
(o # # L) b+ # s 1.65 Sm

Level C o s 1.5 S

(o , or o ) +a s'1.80 Sb

Level D o s 2.0 S

(o ## L) +# s 2.4 Sbm

E

* Stress limits are taken from ASME III, Subsections NC and ND
y

| (Table 3321-2).
q

l

|

|

|

|

O
Amendment E
December 30, 1988
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TABLE 3.9-6

STRESS CRITERIA FOR ABMI CODE CLASS 2 AND CLASS 3
INACTIVE PUMPS AND PUMP BUPPORTS

Bervice Level Stress Limits * max **

Design and Level A o,s 1.0 S 1.0

(o , or og) b+ o 5 1.5 S

Level B o,s 1.1 S 1.1

(o , or og) b+ o s .65 S

Level C o s 1.5 S 1.2g

(o or o ) +o $ 1.80 Sb
Level D o,s 2.0 S 1.5

(o , or o ) +o $ 2.4 Sb

Stress limits are taken from ASME III, Subsections NC and ND*

(Table 3416-1). E

The maximum pressure shall not exceed the tabulated factors**

listed under P times the design pressure.max

O
Amendment E
December 30, 1988
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TABLE 3.9-7

DESIGN CRITERIA FOR ACTIVE PUMPS AND PUMP BUPPORTS

Service Level Stress Limits *

Design and Level A ASME B&PV Section III,
Article NC-3400 and
ND-3400

Level B o ,5 1.0 S j

5 1.5 So, + ab
Level C o 5 1.2 S

$ 1.65 So, + ob
Level D o 5 1.2 S

o, + ab 5 .8 S

,

I

* The stess limits specified for active pumps are more E
x'

restrictive than the ASME B&PV Section III limits. For Service
Level D (membrane plus bending), stresses may exceed 1.8 S but
must remain below the material yield stress. In such cases, a
deflection analysis is performed to assure that the maximum
displacements are within the deflection limits which will not j

impair the operability of the equipment.
'

O
Amendment E
December 30, 1988
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TABLE 3.9-8

(Sheet 1 of 2)

STRESS CRITERIA FOR BAFETY-RELATED ABME CODE CLASS 2
AND CLASS 3 INACTIVE N888

AND INACTIVE BOP VALVE 8

Bervice Level Stress Limits (Notes 1-4, 6) b ax (Note 5)
|

Design and Level A o ,s 1.0 S 1.0

(o , or og) b+ o s 1.5 S

Level B o s 1.1 S 1.1
g

(o, or og) +o s 1.65 Sb

Level C o ,s 1.5 S 1.2

(o , or og) b+ o 5 *

Level D o s 2.0 S 1.5g

(o ,or og) "b E
+ s 2.4 S

NOTES: 1. Valve nozzle (piping load) stress analysis is not
required when both of the following conditions are
satisfied: (1) the section modulus and areas of
every plane, normal to the flow, through the
region defined as the valve body crotch are at
least 110% of those for the piping connected (or
joined) to the valve body inlet and outlet
nozzles; and (2) code allowable stress, S, for
valve body material is equal to or greater than
the code allowable stress, S, of connected piping
material. If the valve body material allowable
stress is less than that of the connected piping,
the valve section modulus and area as calculated
in (1) above shall be multiplied by the ratio of
S /s If unable to comply with this
r8k0ireE@bU. the design by analysis procedure of
NB3545.2 is an acceptable alternate method.

O
Amendment E
December 30, 1988
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TABLE 3.9-8 (Cont'd) {

(Sheet 2 of 2).

STRESS CRITERIA FOR BAFETY-RELATED ABME CODE CLASS 2
AND CLASS 3 INACTIVE N888

AND INACTIVE BOP VALVES

NOTES: 2. Casting quality factor of 1.0 shall be used.

3. These stress limits are applicable to the pressure
retaining boundary, and include the effects of
loads transmitted by the extended structures, when
applicable.

4. Design requirements listed in this table are not
applicable to valve stems, seat rings, or other
parts of valves which are contained within the,
confines of the body and bonnet. |

E
S. The maximum pressure resulting from Service Levels

B, C, or D shall not exceed the tabulated factors
listed under P times the design pressure or the
rated pressuN * at the applicable operating
condition temperature. If the pressure rating
limits are met at the operating conditions, the
stress limits in this table are considered to be
satisfied.

6. Stress limits are taken from ASME III, Subsections
NC and ND, (Table 3521-1).

i

O'
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TABLE 3.9-9

EOP DESIGN CRITERIA'FOR ACTIVE VALVES

service Level Desian criteria

Level A ASME Section III
Article NC-3500
and ND-3500

Level B o ,s 1.0 S
o + o s 1.5 Sg

Level C o 5 1.2 Sm

fo s 1.65 So,+ b
I i

Level D o s 1.2 S'

g

o 5 1.8 So,+ b

Ov
Notes 1 through 5 of Table 3.9-8 also apply to this
table. E

O
Amendment E
December 30, 1988
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TABLE 3.9-10

LOADING COMBINATIONS FOR ASME SECTION III CLASS'1 PIPING

service
Level Loadina Combination

Design Design Pressure,
Design Temperature,
Deadweight

Level A Level A
Transients,
Deadweight

Level B Level B
Transients, Deadweight,
Operating Basis
Earthquake ;

Level C Level C E |
Transients, !() Deadweight

Level D Level D
Transients,
Deadweight, Safe Shutdown
Earthquake

|

NOTE: The dynamic loads are combined by the square
root of the sum of the squares.

1

O1

Amendment E
December 30, 1988
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TABLE 3.9-11

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR PRE 88URIZER
BAFETY VALVE PIPING AND SUPPORTE

ASME CLASS 1 PORTION

Lervice Level Load Combination *
1

Design Design Pressure, Weight

'Level A Level A Transients, Weight
|
'

Level B Level B Transients, Weight,
OBE, VT**

Level C Level C Transients, Weight,
VT**

Level D Level D Transients, Weight,
SSE, VT**

Dynamic loads are combined by the square root of the*

Esum of the squares (SRSS).
|
!

** Valve thrust loads (VT) are loads resulting from the
rapid acceleration or deceleration of a water mass,
noncondensible gases, or both.

I

..

O
Amandment E
December 30, 1988
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TABLE 3.9-12' l

i

LOADING COMBINATIONS FOR ASME SECTION III
CLASSES 2 AND 3 PIPING

Bervice
Level Loadina Combination

Level A Design Pressure,
3

Design Temperature, )Deadweight j

)
Level B Level B Transients

Deadweight,
operating Basis
Earthquake

Level C Level C Transients
Pressure,
Deadweight

Level D Level D Transients
Deadweight, Safe Shutdown('

- Earthquake,.or Safe Shutdown J'
E

Earthquake and Pipe Rupture
Loads

NOTE: Dynamic loads are combined by the square root of the
sum of the squares (SRSS).

|

|
|

O
Amendment E
December 30, 1988
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TABLF 3.9-13 I

LOAD COMBINATIONS FOR SAFETY VALVE PIPING 1

ASME CLASS 2 AND 3 PIPING

Bervice Level Load Combination *

Design Design Pressure, Weight
1

Level A Level A Transients, Waight

| Level B Leve. B Transients, Weight,
OBE, VT** j

lLevel C Level C Transients, Weight, |

VT**

Level D Level D Transients, Weight,
SSE, VT**

Dynamic loads are combined by the square root of*q
E

the sum of the squares (SRSS).

** Valve thrust loads (VT) are loads resulting from
| the rapid acceleration or deceleration of a water

| mass, noncondensible gases, or both.

|

| O
Amendment E
December 30, 1988
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TABLE 3.9-14

DESIGN LOADING COMBINATIONS FOR ASME CODE, CLASSES 1, 2, AND 3
PIPING SUPPORTS

Service Level Loadina Combination

Level A and Design DW

Level B DW + OBE + RV
DW + OBE + DU

Testing DW + DT

Level C OW + SSE + DE
E

Level D DW + SSE + DF

|
|

Legend:
|

Piping deadweight| SW -

OBE - Operating Basis Earthquakes

SSE - Safe Shutdown Earthquake
Loads associated with testingDT -

Relief ValveRV -

DU - Other transient dynamic events associated
with the upset plant condition

DE - Dynamic events defined as emergency condition
DF - Dynamic events defined as a faultod condition

NOTE: Dynamic loads are combined by the square root
of the sum of the squares (SRSS).

O
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TABLE 3.9-15

STRESS LIMITS FOR CEDM PRESSURE H0!JSINGS

Stress Categories and
Operatina condition Limits of Stress Intensities (ai t

!
1. Level A and level B: Normal Figures NB-3221-1 and 3222-1,

| Operating Loading plus Normal including notes.
Operating & Upset Plant Transients
plus Operating Basis Earthquake
Forces.

2. Level D: Normal Operating Article F-1000, Appendix F,
Loadings plus Faulted Plant Rules for Evaluation of Service
Transients plus Safe Shutdown Conditions Loading with Level D
Earthquake Forces. Service Limits.

E

3. .T uting: Testing Plant Transients Paragraph NB-3226

For the above listed operating conditions, the following limits regarding
function apply:

1. Level A and Level B: The CEDMs are designed to function normally during
and after exposure to these conditions.

2. Level D: For SSE, the deflections of the CEDM pressure housing are
limited to the elastic design limits of Article F-1330, Appendix F

i (defined above) so that the CEAs can be inserted after exposure to these
| conditions.

ROTE: a. References listed are taken from Section III of the ASME Boiler
and Pressure Vessel Code.

|

l

bG
i

Amendment E
December 30, 1988
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TABLE 3.9-16

STRESS LIMITS FOR DESIGN AND SERVICE LOADS

>

Desian Limits

The core support and internal structures shall be designed to
meet the Design Limits defined in NG-3221 of ASME Boiler and
Pressure Vessel Code Section III Subsection NG for Design
Loadings.

Level A Service Limits

The core support and internal structures shall be designed to
meet the Level A Service Limits defined in NG-3222 of IBlD for
Level A Service Loadings.

Level B Service Limits

The core support and internal structures shall be designed to
meet the Level B Service Limits defined in NG-3223 of IB1D for
Level B Service Loadings.

Level D Service Limits

The core support structures shall be designed to meet the Level D I
Service Limits defined in NG-3225 of IBlD for elastic system
analysis of Appendix F of Reference 3.1.2 using Level D Service
Loadings.

|

|

| %
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HYDRAULIC LOAD METHODOLOGY'
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'3.10 SEISMIC QUALIFICATION OF SEISMIC CATEGORY I :

INSTRUMENTATION AND ELECTRICAL EQUIPMENT
|This section describes the seismic design criteria and analyses, '

tests, procedures, and acceptance criteria applied to seismic i

Category I instrumentation and electrical equipment, except for I

valve and pump motors, and their supports. The information {
applicable to instrumentation and control equipment is contained (
in Combustion Engineering's Topical Report CENPD-182, " Seismic
Qualification.of C-E Instrumentation Equipment." Valve and pump
motors are discussed in Section 3.9.2.2.

3.10.1 SEISMIC QUALIFICATION CRITERIA I

IInstrumentation and electrical equipment used for post-accident i

monitoring, the Reactor Protective System (RPS), the Engineered. ISafety Features Actuation System (ESFAS), the ' actuation devices |0 )
for ESF system actuated components, and the emergency power f
system are designed to seismic Category I requirements to ensure '

the ability to initiate required protective - actions during, and
following, a Safe Shutdown Earthquake (SSE); and, to supply
power, following an SSE, to components required to mitigate the )consequences of events which require cafety system operation. |0
3.10.2 METHODS AND PROCEDURES FOR QUALIFYING ELECTRICAL

EQUIPMENT AND INSTRUMENTATION

Seismic Category I instrumentation and electrical equipment
required to perform a safety ac, tion during a seismic event, after
a seismic event, or both are qualified (with appropriate
documentation) in accordance with the requirements of the
equipment specifications. These requirements are consistent with
those of IEEE 344-1987, " Seismic Qualification of Class 1|0Electrical Equipment for Nuclear Power Generating Stations" and
include the following:

A. The seismic excitation for which the equipment must qualify
will be determined based on location in the plant.

B. The equipment will be designed to perform its intended
function during and after an earthquake of the intensity of
the Safe Shutdown Earthquake.

C. Analysis, testing or operating experience will be required
to substantiate the adequacy of the design depending on the
type of equipment under consideration and its intended
safety function. D

!

Amendment D
3.10-1 September 30, 1988 i
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D. The quality assurance program, as ciescribed in Chapter 17,

illustrates the procedures used in assuring the

implementation of the requirements. D

Seismic Category I instrumentation and electrical equipment
requiring seismic qualification are listed in Section 3.11. The
test program where used will provide the following:

E. A test program is required to confirm the functional
operability of all Seismic Category I electrical and
associated mechanical equipment and instrumentation during
and after an earthquake of magnitude up to and including the
SSE.

F. The characteristics of the required input motion shall be
specified by one of the following:

1. response spectrum

2. power spectral density function

3. time history

Such characteristics, as derived for the structure or
system seismic analysis, shall be representative of the
input motion at the equipment mounting locations.

G. Equipment shall be tested in the operational condition.
Operability shall be verified during and after the testing.

H. The actual input motion shall be characterized in the same
manner as the required input motion, and the conservatism in
amplitude and multi-frequency energy content up to
approximately 33 Hz shall be demonstrated. D

I, Random vibration input motion shall be used. Ilowever,

single frequency input, such as sine beats, may be utilized
provided one of the following conditions are met:

1. The characteristics of the required input motion
indicate that the motion is dominated by one frequency '

(i.e., by structural filtering effects).

O
Amendment D

3.10-2 September 30, 1988
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2. The anticipated response of the equipment is adequately
represented by one mode.

3. The input has sufficient intensity and duration to
excite all modes to the required magnitude, such that
the testing response spectra will envelop the
corresponding response spectra of the individual modes.

J. The input motion shall be applied to one vertical and one
principal (or two orthogonal) horizonta'. axes simultaneously
unless it can be demonstrated that the equipment response
along the vertical direction is not sensitive to the
vibratory motion along the horizontal direction, and vice
versa. The time phasing of the inputs in the vertical and
horizontal directions will be such that a purely rectilinear
resultant input is avoided. The acceptable alternative is
to have vertical and horizontal inputs in-phase, and then
repeated with inputs 180 degrees out-of-phase. In addition,
the test will be repeated with the equipment rotated 90
degrees horizontally. Biaxial and triaxial input motion may

Dbe utilized where practical.

K. The fixture design shall meet the following requirements:

1. Simulate the actual service mounting.

| 2. Cause no dynamic coupling to the test item. I

|
L. The in-situ application of vibratory devices to superimpose'

the seismic vibratory loadings on the complex active device
for operability testing is acceptable when application is
justifiable.

| M. The test program may be based upon selectively testing a
'

representative number of mechanical components according to
type, load, level, size or other appropriate classification

D
on a prototype basis.

3.10.3 METHODS AND PROCEDURES OF ANALYSIS OR TESTING OF
SUPPORTS OF ELECTRICAL EQUIPMENT AND INSTRUMENTATION

To ensure qualification for the required forces, acceleration
requirements are included in equipment specifications as design
parameters. Vendors will use this information as the basis for
analysis or testing depending on the type, size, shape, or
complexity of equipment to be qualified.

The equipment specification will include, as a minimum, the
following seismic requirements:

Amendment D
3.10-3 September 30, 1988

_ _ _ _ _ _ - . - _ _ - _ _ _ _ -



,l

I

CESSAR nai"icarieu j

O
A. The appropriate seismic excitation for which the equipment

must qualify will be determined based on location in the
plant.

B. The equipment is required to perform its intended function
during and after a Safe Shutdown Earthquake.

C. Analysis, testing, past qualifications, or a combination of D
these is required to substantiate the adequacy of the
design, depending on the type of equipment and its intended
safety function.

D. The quality assurance program used in assuring the
implementation of the requirements of CENPD-182 are

,

discussed in Chapter 17. D I

The seismic qualification program, as described in
CENPD-182, meets the specified requirements for Seismic
Category I equipment.

E. Analyses or tests shall be performed for all supports of
electrical and associated mechanical equipment and
instrumentation to ensure their structural capability to
withstand seismic excitation.

F. The analytical results will include the following:

1. The required input motions to the mounted equipment
shall be obtained and characterized in the manner as
stated in Section 3.10.2 item F.

2. The combined stresses of the support structures shall
be within the allowable limits found in recognized
mechanical handbooks.

G. Supports shall be tested with either equipment or
dynamically equivalent models installed. If the equipment
is not operating or not installed during the support test,
the response at the equipment mounting locations shall be
monitored and characterized in the manner as stated in
Section 3.10.2 item F. In such a case, equipment shall be
tested separately and the actual input to the equipment
shall be more conservative in amplitude and frequency
content than the monitored response.

H. The requirements of Section 3.10.2 items F, H, I, J, and K
are applicable when tests are conducted on the equipment
supports.

Amendment D
3.10-4 September 30, 1988
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Specifically, cabinet and support test requirements will be q

conducted as follows: 4

The design seismic environment of equipment located within'

support structures (cabinets) will be determined by either 1

test or analysis. I

I. Testing will consist of one of the following procedures:

1. Fully Operational Cabinet Test

The cabinet, fully loaded with equipment, will be i

tested in its operating state. During testing, a j
sample of safety-related functions will be monitored. 4

This test will demonstrate both structural integrity
and functional operability. j

1
2. Weichted Cabinet Test With Subsecuent EcuiDment Tests

(a) The cabinet will be tested with simulated
equipment in place of the actual equipment. The I
simulated equipment will be equal in mass, mass
distribution, and mounting to the actual equipment'

such that the dynamic response of the weighted
cabinet is equal to that of the fully loaded ,

cabinet. During testing, tha motions present at |
the equipment mounting points will be recorded. |
This test will demonstrate the cabinet structural |

| integrity and determine the local seismic I

environment of the actual equipment.|

(b) The actual equipment will be independently tested
to those motions determined by the weighted D
cabinet test. The equipment will be operational

i

and all safety-related functions will be monitored i

during the test. This test will demonstrate
,

j functional operability of the equipment.
|

3. EcuiDment Test

Equipment which is not mounted in a cabinet will be
tested or analyzed in its operating state in a
configuration which simulates its intended mounting.

J. For structures which can be modeled, a dynamic analysis may
be substituted for the weighted cabinet test to determine
the motions at the enclosed equipment mounting points.

Amendment D
3.10-5 September 30, 1988
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For both testing and analysis, the input motions to the
cabinet shall be derived from the building motions at the
cabinet's intended location.

D

|

O

1

O
Amendment D

3.10-6 September 30, 1988
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3.11 ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL
EQUIPMENT

!

The design criteria with respect to environmental effects on the
electrical and mechanical equipment of the Reactor Protective
System and the Engineered Safety Featuro systems to ensure
acceptable performance in all environments (normal and accident)
depend upon equipment location and function. Such equipment is
qualified to meet its performance requirements under the
environmental and operating conditions in which it will be
required to function and for the length of time for which its
function is required. As far as practical, equipment for these
systems is located outside the containment building or other
areas where adverse environmental conditions could exist.
Compatibility of mechanical and electrical equipment with

j environmental conditions is provided within the following design
criteria:

A. For operation under normal conditions the systems are1

I designed and qualified to remain functional after exposures
| within the following ranges of environmental conditions:

i 1. Design temperatures maintained at the equipment

A} location during normal operation by the ventilating and| ('v cooling system described in Section 9.4. Temperature
ranges are given in Appendix 3.11A, Table 3.11A-1
through 3.11A-14.

2. Relative humidity ranges are given in Appendix 3.11A,
Table 3.11A-1 through 3.11A-14.

3. Pressure ranges are given in Appendix 3.11A, Table,

| 3.11A-1 through 3.11A-14.

4. Maximum expected integrated radiation exposures for 60 0,

'

years at the equipment location during normal operation
are given in Appendix 3.11A, Table 3.11A-1 through
3.11A-14.

B. In addition to the normal operation environmental
requirements given in listing A above, the mechanical and
electrical components required to mitigate the consequences
of a design basis event (DBE) or to attain a safe shutdown
of the reactor are designed to remain functional after
exposure to the environmental conditions anticipated
following the specific DBE which they are intended to
mitigate. Anticipated environmental conditions and
requirements are listed below.

O
O

Amendment D
3.11-1 September 30, 1988
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1. The temperature, pressure, and humidity ranges

following the design basis accidents such as the loss
of coolant accident (LOCA), the main steam line break
(MSLB), control element assembly ejection, feedwater
line break (FLB), or " worst case" combined (LOCA &
MSLB) are indicated in Appendix 3.11A.

2. The time integrated post-accident radiation doses are
indicated in Appendix 3.11A. Equipment will be
designed for the types and levels of radiation
associated with normal operation plus the radiation

,

associated with the limiting design basis accident '

(DBA). If more than one type of radiation is
significant, each type may be considered separately.

3.11.1 EQUIPMENT IDENTIFICATION AND ENVIRONMENTAL
CONDITIONS

Apendix 3.11B lists and categorizes systems required to mitigate
a DDE or to attain a safe shutdown. Specific equipment and
components for each system are discussed in the appropriate
section of the Safety Analysis Report as referenced in Appendix
3.11B. The major component categories, such as motor-operated
valves, pump motors, instrumentation and pressure boundary
equipment in each system, and the location of the components by
area are also provided.

3.11.2 QUALIFICATION TESTS AND ANALYSES

Qualification tests and analyses performed in accordance with the
methodologies defined in Reference 1 on NSSS instrumentation and
electrical equipment (including pump and valve motors and
electrical accessories) fulfill the requirements of IEEE Standard
323-1974, and " Category 1" of NUREG-0588. For mechanical
equipment, environmental qualification is based on engineering,
evaluation, and material selection where sufficiently reliable
data are available.

3.11.2.1 Rechanical and Electrical Component Environmental
Desian and Qualification for Normal ODeration

Equipment listed in Appendix 3.11B is required to be designed and
D

qualified for 60 years of continuous operation in the
temperature, pressure, humidity, and radiation environment that
exists at the equipment location during normal operation,
assuming proper routine preventive maintenance is performed, such
as periodic replacement of seals and packing. System 80
equipment utilized in System 80+ and designed and qualified for a

D40-year plant life trill be requalified to the 60 year lifetime
utilizing CENPD-255-A, Revision 3 on an equipment refurbishment
or replacement period to be specified.

Amendment D
3.11-2 September 30, 1988
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Appendix 3.11A provides the ranges of the design temperatures,
pressures, and humidities, as well as the exposures to chemical ,

'

spray and radiation for each area in which safety-related
equipment listed in .' 'pendix 3.11B ir located.

3.11.2.2 Mechga_ cal and Electrical ConDonent Environmental
Desian and Qualification for Operation After a
Desian Basis Event

Equipment listed in Appendix 3.11B is designed to remain |
'

functional in the temperature, pressure, humidity, and chemical
spray environment conditions that exist at the equipment location
after the design basis LOCA. This equipment is also designed for
the maximum calculated integrated radiation exposure after the
design basis LOCA, as discussed in Section 3.11.5. The
temperature, pressure, and humidity environment inside the
containment after a LOCA is discussed in detail in Section
6.2.1.3. The containment spray characteristics are given in
Section 6.2.2.1. The integrated post-accident radiation dose for ,,

I those areas at which equipment is located is given in Appendix
4

3.11A. The temperature, pressure, and humidity environment j

inside the containment after a MSLB is discussed in detail in'

Section 6.2.1.4.
'

t I

The requirements of the General Design Criteria, Appendix A to
10 CFR 50, are met as follows: !

!
Criterion 1 - Quality Standards and Records: refer to j.

Section 3.1.1.
'

Criterion 4 Environmental and Missile Design Basis:-
.

refer to Section 3.1.4.

Criterion 23 - Protection System Failure Modes: refer.
,

to Section 3.1.19. !

Criterion 50 Containment Design Basis: refer to-
.

Sections 3.1.43 and 6.2.1.

The requirements of Quality Assurance Criterion III, Appendix B
to 10 CFR 50, are met as discussed in the design and
procurement quality assurance program (see Chapter 17).

The recommendations contained in the documents discussed below,
listings A through D, and other applicable regulatory guides and
standards have also been utilized.

A. Regulatory Guide 1.30, " Quality Assurance Requirements for7 the Installation, Inspection, and Testing of Instrumentationr' and Electric Equipment."

3.11-3

_ _ _ _ _ _ _
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B. Regulatory Guide 1.73, " Qualification Tests of Electric |

Valve Operators Installed Inside the Containment of Nuclear |
Power Plants." A description of the tests and analysis by !
which active valves are qualified is provided in Section
3.9.2.2.

Thequalificationmethodsanddocumentationrequirementsof|0
,

C.
IEEE Standard 323-1983, "IEEE Standard for Qualifying Class 1
1E Equipment for Nuclear Power Generating Stations," and
" Category 1" of NUREG-0588, are discussed in Reference 1.

D. Pressure boundary components inside the containment are
designed for the appropriate temperature and pressure
environment in accordance with the applicable code to which
the component is constructed. Environmental Qualification
testing is not considered necessary for such components.

AGING FOR HARSH AND NON-HARSH ENVIRONMENT EOUIPMElq

As stated in Reference 1, the aging portion of the qualification
program is defined based upon whether or not equipment is located
in a harsh or non-harsh environment. Equipment located in a
harsh environment will undergo an aging analysis and an
accelerated 3ge conditioning program. Equipment located in a
non-harsh environment will undergo an aging analysis that focuses
on the identification of known aging mechanisms that
significantly increase the equipment's susceptibility to its
design basis event (seismic event only for non-harsh
environments). If no known significant aging mechanisms are
found, a surveillance / preventive maintenance (S/PM) program will
be developed to monitor for degradation trends that suggest
increasing seismic susceptibility. If an aging mechanism is
found that is known to significantly increase the equipment's
seismic susceptibility with time, that mechanism will be analyzed
to determine whether an accelerated aging program or a periodic
part replacement program is appropriate.

BApIATION FOR HARSH AND NON-HARSH ENVIRONMENT EOUIPMENT

Equipment is designed for the types and levels of radiation
associated with normal operation plus the radiation associated
with the limiting Design Basis Accident (DBA). These levels are
defined in Appendix 3.11A.

4Equipment which is exposed to radiation above 10 Rads will be
irradiated to its anticipated Total Integrated Dose (TID) prior
to type testing unless determined by analysis that radiation does
not affect its ability to perform its required function. Where

.

'the application of the accident dose is planned during DBE
testing, it need not be included during the aging process.

Amendment D
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Equipment which will be exposed to radiation lovles of 10 Rads
or below is analyzed to determine whether low level radiation
could impact its ability to perform its required function. Where
analysis supported by partial type test data cannot demonstrate
proper operation at the required radiation levels, type testing
will be performed. Additionally, electronic equipment exposed to
low level radiation will be addressed by an aging analysis which
focuses on the identification of semiconductor (organic material)
components that are considered to be age-sensitive in the detign D |

life. For electronic components that are age-sensitive a ,

surveillance / preventive maintenance program will be developed. |
Reference 1 outlines this methodology.

Mechanical and electrical equipment will be qualified to the
typical radiation environments defined in Appendix 3.11A. If
more than one type of radiation is significant, each type may be ;

applied separately. !

Gamma

|Cobalt-60 is considered an acceptable gamma radiation source.
Other sources may be found acceptable, and will be justified. j

f'-'N Electrical equipment will be tested to typical gamma radiation
'

) levels defined in Appendix 3.11A.

Beta

|Equipment exposed to beta radiation will be identified and an
'analysis will be performed to determine if the operability of the

.n ipment is affected by beta radiation ionization and heatingu
effects. Qualification is performed by test unless analysis
demonstrates that the safety function will not be degraded by

|Beta exposure. Equipment will be tested and/or analyzed to the
beta radiation levels defined in Appendix 3.11A. Where testing

,

is recommended, a gamma equivalent radiation source will be used.

INeutron

Equipment exposed to neutron radiation will be identified and
neutron radiation levels defined. When actual neutron dose
qualification testing is not performed, an equivalent gamma
radiation dose will be used for qualification testing to simulate
neutron exposure. The basis for establishing an equivalent gamma
radiation dose will be provided.

Paints / Radiation Effects

An analysis is performed addressing paint exposure to beta andg\
| gamma radiation. Qualification of painted equipment is verified
\

Amendment D
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by test if analysis indicates that the safety function of the |
equipment could be impaired by paint failure due to radiation. i

i

Chemical SDrav !
!

After a postulated accident, suca as the LOCA or MSLB, components
|

,

located in the containment building may be exposed to a chemical |Dspray. Equipment is environment?.ly tested to these conditions
and performance requirements demonstrated during and after the
test. The most severe spray compos!. tion is determined by single
failure analysis of the spray system. Corrosion effects due to
long term exposure will be addressed, as appropriate.

Where qualification for chemical spray environment is required,
the simulated sprey will be initiated at the time shown in t

Appendix 3.11A.
.

1

Typical values of chemical spray composition, concentration and
pH are defined in Appendix 3.11A, Tables 3.11A-1, 3.11A-2 and |
3.11A-13,

3.11.3 QUALIFICATION TEST RESULTS j

3.11.3.1 NPM Instrumentation and Electrical EauiDment
,

Qualification testing and analyses of NPM instrumentation and i

electrical equipment are discussed in Reference 1.

3.11.3.2 NPM Mechanical EauiDaent
0

i

Qualification test results and analyres of NPM mechanical
equipment are provided in Section 3.9.2.2 .

3.11.4 CLASS 1E INSTRUMENTATION lod 8 OF VENTILATION EFFECTS

OLoss of ver.tilation is discussed in the site-specific SAR.
Interface criteria are presented in Chapter 7. J

Class 1E equipment which is located in the control room or |

similar areas includes the following:

Plant Protection System (PPS)
D

Main Control Panels

Process Instrument Cabinet

other instrumentation, such as process transm'.tters and signal
,

converters and the Reactor Trip Switchgrar System circuit

Amendment D
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breakers, are located in the auxiliary building or containment
building. Equipment in these areas is qualified for the maximum
expected temperature, radiation, humidity, and pressure under
which the equipment is expected to operate.

The following are the normal and abnormal environmental

|
conditions for which Class 1E safety-related C-E equipment is
qualified to operate according to the service location of the1

equipment and the expected environmental condition.

Appendix 3.11A, Tables 3.11A-1 through 3.11A-14 which define
typical environmental conditions and associated environmental
test profiles are defined in Figures 11A-6A through 3.11A-10.

3.11.5 CHEMICAL SPRAY, RADIATION, HUMIDITY, DUST, I

SUBMERGEKiE, AND POWER SUPPLY VOLTAGE AND FREQUENCY |

VARIATION |

3.11.5.1 Chemical Environment

Engineered Safety Feature systems are designed to perform their
safety-related functions in the temperature, pressure, and

conditions described in Sections 3.11.1, 6.2 and 6.3.

O
humidity

t In addition, components of ESF systems inside the containment are
designed to perform their safety-related functions in thei

presence of the existing chemical environment, resultingfromthe|0boric acid recirculated through the Safety Injection System (SIS)
l and Containment Spray System (CSS). The SIS is designed for both

the maximum and long-term boric concentration and pH. These'

chemical environment conditions are given in Appendix 3.11A.

| 3.11.5.2 ]Ladiation Environment

The components in the Engineered Safety Feature and Reactor
Protective Systems are designed to meet their performance

| requirements under the environmental and operating conditions in
| which they will be required to function and for the length of

time for which their function is required. The components are
designed to ensure acceptable performance under normal
operational radiation exposure in addition to the single most
adverse post-accident environment. The normal operational
exposures are based on the design source terms provided in
Sections 11.1 and 12.2. Radiation environments for those
components for which the most adverse accident conditions are

i
post-LOCA are based on the source term assumptions consistent
with Regulatory Guides 1.4 and 1.7. Radiation environments for'

those components for which the most adverso accident condition is
other than the I4CA (such as the main stean line break, feedwater

Amendment D
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line break or CEA ejection) are based on conservative estimates
of the fuel aasembly gas gap activities and maximum reactor
coolant specific activities as discussed in Section 11.1.

3.11.5.3 Humidity

Equipment not subjected to steam environments during DBE testing
will be environmentally tested to short term high humidity levels
prior to operation and performance requirements deinonstrated
during and after the test. Equipment that is subjected to steam
environments will be subjected to the appropriate test profiles
in Appendix 3.11A.

3.11.5.4 Dust

Dust environments will be considered when establishing service
conditions and qualification requirements. The potential effects
of dust exposure will. be evaluated relative to effects upon
equipment safety function performance.

Where dust could have a degrading effect on equipment safety
function performance, it will be addressed in the qualification
program through the development of a maintenance program and/or
an upgrading of equipment interface requirements.

3.11.5.5 Submergence

Equipment locations and operability requirements will be reviewed
to establish whether or not specific equipment could be subject
to submergence during its required operating time. Flood levels
both inside and outside containment will be reviewed and
potential impacts on equipment qualification appropriately
addressed. Where operability during submergence is required,
qualification will be demonstrated by type test and/or analysis
supported by partial type test data.

3.11.5.6 Power SUDDlv Voltace and Frecuency variation

Power supply voltage and frequency variation is addressed in
several areas throughout the equipment design and verification
process. During the design process, interface requirements
dictate the acceptable range of power supply variation.
Equipment specifications incorporate these interface requirements
into the design to ensure acceptable operation within the defined
range of power supply voltage and frequency variation. When
equipment fabrication is completed, design verification tests are
performed to demonstrate design adequacy.

O
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1. " Qualification of Combustion Engineering Class lE

Instrumentation," CENPD-255-A Revision 3, Combustion
Engineering, Inc., October 1985.
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APPENDIE 3.11A

TYPICAL ENVIRONMENTAL CONDITIONS AND TEST PROPILES

FOR

STRUCTURES AND COMPGNENTS

1

(LATER)

|
|

f

1

1

Amendment D
September 30, 1988



-

CESSAR !!nincuia.

O

F
l

APPENDIX 3.11B

IDENTIFICATION AND LOCATION

OF

MECHANICAL AND ELECTRICAL SAFETY-RELATED SYSTEMS AND COMPONENTS

(LATER)
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