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April 9,1984

Docket No. 50-423
B11118

Director of Nuclear Reactor Regulation
Mr. B. 3. Youngblood, Chief
Licensing Branch No.1
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Youngblood:'

Millstone Nuclear Power Station, Unit No. 3
Transmittal of Responses to Structural Audit items

The attached responses are provided to close out items 8,14,15, and 25 from the
NRC Structural Audit of February 27 through March 2,1984.

As discussed with your Mr. Nilesh Chokshi and Mr. David Jeng on April 2,1984,
we will provide responses to all remaining open and confirmatory items on or
before May 1,1984. It was also agreed that Northeast Utilities Service Company
will meet with Mr. Chokshi and Mr. Jeng at that time to discuss the information
provided in our responses. A date for this meeting will be scheduled later.

If you have any concerns related to the information contained herein or any
questions m!ated to our responses, please contact our licensing representative,
Ms. C. 3. Snaffer at (203) 665-3285.

Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY, et al
By Northeast Nuclear Energy Company, Their Agent-

/4L
'

W. G. Counsil
' '

Senior Vice President
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STATE OF CONNECTICUT )
) ss. Berlin

COUNTY OF HARTFORD )

Then personally appeared before me W. G. Counsil, who being duly sworn, did
state that he is Senior Vice President of Northeast Nuclear Energy Company, a
Licensee herein, that he is au+horized to execute and file the foregoing
information in the name and on behalf of the Licensees herein and that the
statements contained in said information are true and correct to the best of his
knowledge and belief.

Mthti0 k
MotaryPfic

''

My Commission Expires March 31,1983

.

. = , .' :
-

..

-

t* I

e

_ _ _ _ _ . _ . _ _ . . - . . _ . _ _ _ _ _ . -



I...J c

:.: 4

I
ITEM 8 Provide justification for not considering cracked sections on

containment internals in seismic analysis.; ,

Response:

In the seismic analysis of the containment structure it was assumed that
cracked section properties of the internals will not have any significant

! change in the overall response of the structure. To verify this assumption

I- another calculation was performed using the cracked section properties of
one of the steam generator cubicles. The dynamic model utilized considered

i the containment exterior wall to be cracked.

Figure 8-1 shows the key plan showing the steam generator cubicle for which
the cracked section properties were used.

,

Figure 3.7B-9 shows the dynamic model of the containment structure. In this

| model members 4, 5, 6, and 7 have stiffness characteristics which are
| determined from cross sections which include the steam generator cubicle

walls. In the verification analysis, members 4, 5, 6, and 7 have been
modified to account for cracking of the "B" steam generator cubicle wall.

! Conclusion:

Table 8-1 shows the comparison of frequencies of uncracked vs cracked case.
,

!' Due to cracking of one steam generator cubicle the shift in the fundamental
! frequency of the internals is insigifnicant and will have negligible effects

on the structural response. Maximum percent'shif t the frequencies falls
3

! well within the peak spreading criteria of 115 percent. (Ref. FSAR 3.8).
' Also shown in Table 8-2 is a comparison of resultant accelerations from the

cracked versus uncracked sections and the variations' were found to be
negligible.
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TABLE 8-1

Uncracked Internal Cracked Internal

Mode Eigenvalue Frequency Eigenvalue Frequency

1* 462.7 3.424 462.7 3.423

2* 462.7 3.424 462.7 3.423

3 797.8 4.495 683.1 4.160

4 1027.8 5.102 949.9 4.910

5 1109.4 5.301 1039.4 5.131

6 1358.3 5.866 1358.2 5.865

7' 2378.0 7.761 2377.8 7.761

8 2378.0 7.761 2378.0 7.761

9 3466.7' 9.371 3466.5 9.371

10 3710.2- 9.694 3710.1 9.694

11 4735.1 10.95 4735.1 10.95

12 5611.0 11.92 5278.6 '11.56

'13 5979.3 12.31 5773.8 12.09

14 7049.6 13.36 7046.6 13.36

15 7053.5 :13.37 7051.0 13.36

16 9105.6 15.19 9035.8. 15.13

17 9809.4 15.76 9809.2' 15.76

18 9810.7 15.76 9810.4 15.76

19 11632.1 17.16 11632.0 17.16

* External Structure

.
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Pg. 1 of 12..,

ITEM 14 Provide a detailed discussion on how the CM and CR are considered
in development of stiffness matrix. A discussion. was presented
and the issue was resolved. The Applicant will provide this
response.

Response:

The information is provided in the response to Item 25.

ITEM 25 Provide a verification example for RIG 4 computer program.

Response:

The eccentricity between center of mass and center of rigidity in seismic
response analysis of Category I buildings is considered as follows:

An equivalent stiffness matrix is generated to represent the real member
(i.e., actual wall section between floors) . spanning from center of mass of
the lower floor to upper floor, considering both the vertical as well as the
horizontal center of rigidity as shown on Figure 1. It is assumed that a
rigid link connects the center of mass to the center of rigidity of the real
member (i.e., C and C ). A principal global stiffness matrix is theny Hdeveluped, considering bending and shcar deformatt.ons of the wall section by
applying unit displacement and rotations at the center of mass and deter-
mining the corresponding stiffness terms that result (see Figure 2). As an
example, for a unit displacement in the Xp degree of freedom, the resulting
stiffness terms are shown on Figure 2a. Similarly, unit displacements and
rotations are applied in the remaining degrees of freedom resulting in the
principal globe stiffness matrix as given in Table 1. This resulting matrix
is then rotated about the Yp axis (Figure 3) through an angle p between
principal axis of the wall section and global axis as defined by the mathe-
matical model (i.e. N-S axis and E-W axis generally define the global axis
system of the building model). This resulting matrix is then rotated about
the Yg axis and Z' axis as indicated in Figure 4 to obtain the equivalent
local stiffness matrix of the real member.

A verification example is provided as follows:

Area properties representative of a typical wall section were arbitrarily
selected for input to the verification example (see Pg. 9 and Figure 5).
These properties were then input into the computer program RIG 4 and the
resulting RIG 4 local stiffness matrix was obtained. This matrix was then
used in a STRUDL model (see Figure 6), where global unit displacements and
rotations were applied at Node 2 to determine the global stiffness matrix as
shown in Table 2. For comparison purposes, a STRUDL frame model was
developed (see Figure 7) using the same area properties for the real member
as used in the RIG 4 model. Similar displacements and rotations were applied
to .this model and the resulting global stiffness matrix was obtained as
shown in Table 2. A review of this table shows that the resulting matrices
are comparatively the same, thus demonstrating the adequacy of the computer
program RIG 4.

NOTE: The off diagonal terms that appear different are due to round-off
error resulting from the transtormatica of the local stiffness
matrix (RIG 4) to the global system. '1he magnitude, however, when'

' compared to the other terms 'of the stiffness matrix, h
essentially zero.

B4-12179-7825
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: no RIG 4' program develope an equivalent ' stiffness matrix for a systes
of vertical walls between two rigid floors.

21s equivalent mester connects the center of assa of each respective
floor. De real member is compeeed of one vertical component, each running
through the horizontal and the vertical centers of risidity.

C,* ..,,#_ g,
i i- I

i .
'

lJarwvauw
* p s M a sa }r

\ .,

1-

f r s Ce'
a

q cya.> a - . c.
C

|

.

Figure 1 * Relationship between a real aseter and equivalent mester
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no method involves writias the aseber stiffness astrix of each
'

individus1 weil and then risid body trasederwing to the leoni coordinate
system of the asse soster.

De procedure for these transformations is described ca the fellowing
par,es.
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1. Member stiffnese matrix for Principal Global Ames:
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; The principal global coordinate system of a structure is defined in
Tigure 2 in which the seenber A5 is assumed vertical and'its principal axes-

of cross-section are assumed parallel to the principal global axes.
Therefore, the stiffnese matrix of the equivalent member A'E' in the
principsi global coordinate systes is se shown in Tabia 1. ;

4

Table 1 Member Stiffnese Matrix for Principal Global Ames
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The second step in the transformation is the rotation throush an ansle
a about the Yo axis. This rotation places tho' X axis in the position
denoted as I', which is the intersection of the Ic-Zc plane and the I -%cn
plane. Also, this rotation places the Zt axis in its final position at the
ansle a with the Zo axis (See Figure 43. Zhe last step in transformation
consists of the rotation through an ansle */ about the ZL axis. This
rotation places the In and Yg axes in their final positions, as shown in
Fisure 4.
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ITEM 15 With Respect to Ultimate Capacity of Containment
'

(i) Were elements that yielded prior to final yielding continuously
checked to ensure that they were within acceptable ductility
limits?

Response:

The Containment Structure's response due to an internal pressure was evalu-
ated by the theory of thin shells utilizing the- Axisymmetric Finite Element
Method.

Figure 15-1 - Containment structure showing the critical Sections C to C3
and B to B .3

Figure 15-2 - Represents the model showing the centerline dimensions and
nodes..

.

Figure 15-3 - Shows typical multilayered shell elements representing liner,
concrete and reinforcement layers.

Figure 15-4 - Stress-strain curve for reinforcement and liner.
/ and 15-5

,,

The ultimate pressure capacity of the containment is said to be achieved
'

when all the layered elements across the section achieve a strain value
corresponding to the elasto/ plastic range. Since all the layered elements-

% are connected by a single node, the hoop strain developed in the elements
'

due to displacement of the node is constant across the section.

With constant strain across the section, the pseudo-nonlinear method as
,L, described in Section 3.2.3 of the Containment Failure Modes Report predicts'

' the point of a general state of yield at a strain of approximately 0.005,D, -3

Well within the ductile range of the liner and reinforcing steel material
[, (see figures 15-4, 15-5).

.;
The attached Table 15-1 describes the event of responses at each section for. -

,
various internal pressures.
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ITEM 15 With Respect to Ultimate Capacity of Containment

(ii)' Provide justification to indicate why the calculated ultimate
pressure is the median of the probability distribution.

Response:

The failure pressure for each critical mode of failure of the containment is
expressed as a probability distribution rather than a single point estimate
(calculated). The variabilities (B) associated with the estimated nominal
failure pressure are due to the Uncertainty and Randomness of the applicable
pa rame te rs .

.

The significant variables that contribute to the uncertainty and randomness
of the estimated failure pressure were as follows:

a) Material property variation (Randomness)

b) Construction variation (Randomness)

c) Analysis method employed (Uncertainty)

A single point estimate of the failure pressure was calculated by using
average values for these variables as discussed in depth in Section 8.of the
Containment Failure Modes Report. Due to insufficient and unavailable data
for some of these variables as well as the limitations of the analysis it
was .a sumed through' reasonable judgment that the calculated estimated
' failure pressures best represented the average .value corresponding to a
50 percent probability of failure. Then for each established failure modep

the total coefficient of variation _ and the standard deviation of the ' con-
tainment mean failure pressure was determined-as shown in Table 15-2.

The resulting probability distribution, combining all the significant modes
of failure, is presented in Figure 15-6. This cumulative distribution curve '"

(Weibull distribution) represents the net conditional containment failure
probability yielding a15th, 50th, and 95th percentile failure' pressure as
- indicated.

. . .

,i

.y . %:

-

%

''N w s . [, ,o

e ..

\, _
, ' 4-.

-) e' ^:'

w
, ,.

, V . - -

-, - ., .s
? :y ' %} f\

_ N( N-
'

I 'h '.'s
, _ .N i 3.%g.,'

<-
; B4-12179-7960~ ~

s -

_.

-

g .

[ x 4 > w -.y : (t -
4

,
_

, s



, , . - , - . . ._ . . . . . . . - . ..

,

p Ter .. 4
.

, .

r- s

.
-

,

ITEM 15 With Respect to Ultimate Capacity of Containment

i -(iii) Review the basic shell/ mat junction and demonstrate that compres-
sive failure modes were adequately considered.

Item resolved pending the review of report and additional informa-
tion. The Applicant will provide the additional information.

Response: .

,

From the results of the finite element analysis, the axial force and bending
moment as a function of internal pressure were determined for Sections Bt
and..C , at the cylinder wall mat junction of the containment (see

'

t,

'

Figure 15-1). These sections were then evaluated for the axial forces and
bending. moments. .The resulting. liner, reinforcement, and concrete stresses

i and strains are presented in Tables 15-3 and 15-4. It is evident from a
review - of these tables that total' yielding of all reinforcement occurs
before a max concrete strain of 0.003 is achieved for both . sections thus
demonstrating that full capacity of the section is achieved prior to any
compressive failure of the concrete.
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TABLE 15-1

RESPONSE STAGES OF CYLINDER AND DOME

i'
Pressure .

'- (psig) Zone Containment Response

100 II All zones in elastic range
III
IV

104 II Elastic range
III Liner yields in hoop directions at

Section C,
*

IV Elastic range

124 II Hoop reinforcement yields at Section Ca
III Liner continues yielding increasing toward

apex of dome
IV Elastic range

128 II Liner yields in hoop direction at C,
-Hoop reinforcement continues yielding.

- f increasing in Zone II
i- General stat _e of yield at Ca in hoop

direction
- III- Liner continues yielding increasing toward

.
_ apex of dome -

,

IV Liner beginsLto yield in hoop direction
;- at lower portion of zone

.

131 II General state of yield in hocp direction
entire zone

Hoop strain reaches 0.005 limit at
Section C,

III
,

- Liner continues yielding _
- IV _ Liner continues to yield ir. creasing toward-

,

. apex of dome

'132~ II Liner and hoop . reinforcement continue
straining.

III Hoop reinforcement yields at_Section C,
Liner continues yielding

-General state of yield in hoop direction--

at Section C,
IV .- Liner continues to yield increasing toward

apex of-dome

.

'O
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TABLE 15-1 (cont)

133 II Liner and hoop reinforcement continue
straining

III General state of yield in hoop direction
Hoop strain reaches 0.005 at Section C,

. IV Liner continues yielding
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TABLE 15-3

CONTAINENT MAT @ SECTION B I
STRESSES AND STRAINS

Pressure Stress (ksi) Strain
(psi) Liner Reinforcement ** Concrete * Liner Reinforcement ** Concrete *

100 37.0 33.1 -1.3 0.00124 0.00110 0.00030
115 - 43.6 38.9 -1.5 0.00145 0.00130 0.00036
121.5 46.5 41.5 -1.6 0.00155 0.00139 0.00039
130 50.3 44.9 -1.8 0.00168 0.00150 0.00042
135' 52.5 46.9 -1.9 0.00175 0.00156 0.00044
140 54.7 48.9 -1.94 0.00182 0.00163 0.00046
145 56.5 51.0 -2.0 0.00190 0.00170 0.00048
150 56.5 53.7 -2.1 0.00201 0.00179 0.00050
155 56.5 56.5 -3.4 0.00589 0.00513 0.00083

* Max. values tabulated
** Average value for reinforcement tabulated

(

$

t

.

.

1

I

e

O.

' B4-12179-7874 4
L

9

. _ _ _ _ _ _ . _ . . _ . - . . _ . - . J



.
**2

TABLE 15-4
CONTAINMENT CYLINDER @ SECTION C

ISTRESSES AND STRAINS

Pressure Stress (ksi) Strain
(psi) Liner Reinforcement ** Concrete * Liner Reinforcement ** Concrete *

100 50.6 37.4 -3.6 0.00169 0.00125- 0.00090
115 56.5 44.0 -4.0 0.00198 0.00147 0.00105
121.5 56.5 47.8 -4.2 0.00215 0.00159 0.00113
130 56.5 52.98 -4.5 0.00250 0.00186 0.00127
135 56.5 56.1 -4.7 0.00281 0.00210 0.00139
140 56.5 56.5 -5.0 0.00714 0.00547 0.00269

* Max. values tabulated
** Average value for reinforcement tabulated
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