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PHILADELPHIA ELECTRIC COMPANY
2301 M ARKET STREET

50'7'( 1
P.O. BOX 8699

7[ sPHILADELPHIA. PA.19101
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ano ennemas couwss6

CUGENE J. BR ADLEY
assoceava sansmak counsak

DON ALD WLANKEN
RUDOLPH A. CHILLEMI

June 27, 1983*c"'"""^"
T. H. M AHER CORN ELL
PAUL AUERBACH

assesvaw? esNEmah counsel

EDW ARD J. CULLEN J R.
THOM AS H. MILLER, J R.

IR ENE A. McKEN N A
asstsvaNT CouNsSb

Mr. A. Schwencer, Chief
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Limerick Generating Station, Units 1 and 2
Request for Additional Information

Dear Mr. Schwencer:

In accordance with Robert Martin's telephone request of June 9, 1983,
we are forwarding to him directly two copies of the following documents
listed below that were used by Structural Mechanics Associates:

1. List of drawings used in the Limerick seismic fragility
development

2. Fragility calculations for the items listed in Table 3-1 of
Severe Accident Risk Assessment Report

3. Fragility calculations for block walls at El 332'

4. Fragility calculations for shear walls at El 177'-217' (Included
in Item S f Table 3-1)

4

5. Fragility calculations for weakest relay (see Item S of Table
71

3-1)

Very truly yours, l u

B306300024 830627 i

PDR ADOCK 05000352 d
A PDR i

F0'Attachment

Copy to: See Attached Service List
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cc: Judge Lawrence Brenner (w/o enclosure)
Judge Richard F. Cole (w/o enclosure)
Judge Peter A. Morris (w/o enclosure)
Troy B. Conner, Jr., Esq. (w/o enclosure)
Ann P. Hodgdon (w/o enclosure)
Mr. Frank R. Romano (w/o enclosure)
Mr. Robert L. Anthony (w/o enclosure)
Mr. Marvin I. Lewis (w/o enclosure)
Judith A. Dorsey, Esq. (w/o enclosure)
Charles W. Elliott, Esq. (w/o enclosure)
Jacqueline I. Ruttenberg (w/o enclosure)
Thomas Y. Au, Esq. (w/o enclosure)
Mr. Thomas Gerusky (w/o enclosure)
Director, Pennsylvania Emergency Management Agency (w/o enclosure)
Mr. Steven P. Hershey (w/o enclosure)
Donald S. Bronstein, Esq. (w/o enclosure)
Mr. Joseph H. White, III (w/o enclosure)
David Wersan, Esq. (w/o enclosure)
Robert J. Sugarman, Esq. (w/o enclosure)
Martha W. Bush, Esq. (w/o enclosure)
Spence W. Perry, Esq. (w/o enclosure)
Atomic Safety and Licensing Appeal Board (w/o enclosure)
Atomic Safety and Licensing Board Panel (w/o enclosure)
Docket and Service Section (w/o enclosure)

I



g g STRUCTURAL

mECHAnlCS
"""""" ASSOCI ATES SMA 14302.01
WN a ceae. core.

5160 B.rch Street, Newport Beach. Calif. 9266o (714) 833-7552

June 22, 1983
_

Mr. Howard Hansell
Philadelphia Electric Company
2301 Market Street, Building N2-1
Philadelphia, PA 19101

Dear Mr. Hansell:

Per our recent telephone conversation, I am sending herewith the
following items:

1. List of drawings used in the Limerick seismic fragility
development

2. Fragility calculations for the items listed in Table 3-1 of
Severe Accident Risk Assessment Report

3. Fragility calculations for block walls at El 332'

4. Fragility calculations for shear walls at El 177'-217'
(Included in Item S of Table 3-1)4

'5. Fragility calculations for weakest relay (see Item S), of
Table 3-1) *

If you have any questions or need any further information, please do not
; hesitate to call me.

Very truly yours,

STRUCTURAL MECHANICS ASSOCIATES, INC.

'

,

'

i M. K. Ravindra
Project Manager

MKR:ke
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_ _ _ _ _ __ _ _ _
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Limerick Drawing List
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Attached is a list of structural drawings used to ''

perform the Limerick PRA. The first page lists s '. -*
,

the various tank drawings. The rest of the attach- ' '

ment is a partial listing of the Bechtel drawings
,' 1 ,.

for Limerick. Those drawings with check marks (/) -\
by them in the left margin were the ones supplied -
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P = 4,17 (0.7623)= 3,2 k

g

P_, = 4,17 (o.sst) = 3.6 k
P = 4,17 (0.93bd= 3,9 kg

) P = 4,17 ( i.Dood) = 4.1 k
3

P o = 7.ss( l.orrn= s,3 ki

|
t

. _ __ _
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)
Flv;o fl dro l v,oe ,'e. Force s

'

y y

m ,s = 2 W; &; = 2 Lk Led |al Fo rc e3 = 31. s k _y

m,p = 2 W; #7 = 26:ok

For 4hs mode skape , $; :s approt|edely as Gollows :

8,=0.26874| 8,r-o.062187 (, =- 0,03 8 87o

5 = -0.290625 5 = 0.046560 8,i = 0. 0 2'l 33 2
3 7

5 = 0.113307 J, = -0. 04 4 64 7 c5,3 r-0.02eesi -

3

$q = -0.100528 ' 6 = 0,035743 - Jn = 0. 02 47323

~ I = d. 06 'l317 - --

'

f

, mg = (0 M71Tl659) = 66F. I, k
'

m,j=kyy - (0,07656YIb54) = Ho7. 7 k

i ' g , 3 1.s4665,b - I bl-

2 6. o + Mo7,7

P(y,/) = I,6I 6,(do,0624Yrr%rY374)$

= l78.3 L,(y) for Ao(d =1
3

o

.
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3
1.00-

0

@
o,75_.

Y/g
- O

@
o.so--

@
-

. g
. . . _ . . - - . . .. . . . . . . ..

.. oaS.. - _ - .
,

O

) '

0 ;

h,(y)o o.i o.2.

(krohna.u|e.Forees
.

F, = I7e.3 (o.oa3sT4.0) = s6.7 k
F, = l7s.3 (o. II9Y4,o')= 3 4.9 k
F = 178,3( 0. l5219.o') = 108,4 k

5
F l78.3 (o.IstY4,173 = 135.3 k

3;

F = I75 3 (o,z1014.33') = |l,2,3 k'

g

P = 176.3 (0.27 5Y4.33')= (73.8 kb

F = 176. 3(o.2 r7Y 4.33')= I6'7.7 k7

F = 178.3 (o.16U4 33')= I2 6.7 kg

F : l76.3 (0.o 4 iY2.17') = 15. s k
9

.

i Tob l Forces

P + F r 67.3 k) i i

P + F, r S6, I kz

P + F = Ilo.2k3 3
Py + F = 137. 6 k3

-_ _ - _ _ _ _ _ _ _ _ _ . _ - -
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av k 8 N oats los]11 F l mECHR0lCS couusuTo Coede m fe-

"w""""" RSSOCIRTES 54 cy;e LLumummmacHuo. sv - or.7s i I

=165.OkPg + Fg

'77'O kP+F #
b 6

P + F., r 17 l.3 k7

Pp F, 130. 6 k

P+F= 20,0 kq g

P,p F, - s.3 k

Deflec 4-) SLspe, Joe b To4af Forces

See p. Il

Mode $ Lone Coucarison ]
''

4A +, %, % D,S.'

10 l,0578 1,0523 0,52

'1 l.0000 I,0000 0

) S O.9393 0.9362 0.27

7 0.6606 0,8592 0 16

(o 0.7587 0.7b25 - 0.50 ,QE,

5 0. h3 48 0,b405 -O,%9

4 0,4 I2I O,5040 -2,36

3 0.3 698 0,37eo - 2 .17

2 0.2436 0,2520 -52f
~

I O. I19 0 0.12b o - 5.5b

Fuodo ne m40 l Fr eave < e ,'es

%k Fre vevey ,) ,Je ,L eg
Le+ X;e(*th for 1 : 1 - 10 L =32b.1 " NI)

$

TLer s Mn 4 e s (6;L.

YYJ;),vc = 4,n A .. f * brYH.n(38b.IS =h.H2 0+
'

y

5losL Freog;cs.q,

5:rce # : Ef 7 = 2.s I > I.s , u s e # = i.s6 r 0= 22.s '

_ _ _ _
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)
s. t_ s_ s_ u s- s_ :s ,a

- o

DQ
4 e e % 9 r. 9 W P av
n n n n n n n = e s

M T @ r y a e e a a
p N H m m e mT C 4

% g. * % N O4 % * O w v -

9 % CC Q d N d - - ~

.

0 0 0 6 0O Q O d 6. _.

M' $ 1 E C P kn p o N
0 o 9 D Q F. 9N 9 9 9

s % o o e 6 o G 6 O O

&2 & a m r s , e m
M P C P g r r r -

_ e o o %*se - - -

4 .5 o o C o o o o o e o
6 6 D d d d d 6 d d"

F 4 r - re e T ~ * d W 4o r N>e o o~
m Z

- N N N N M
,

o -

q ~s. O o. e e- o o o. o. o. o
. .

. . .

T $ @ C k E S. k S. E E
O D . e r r e r - r - 1

.1
-

N M @ d b - F '
'

N N |
-

7*e - -

c
y M r d W D N 9 7 E

yG s 5 5 $ $ S $ $ $ Y'

4 *d B r u a w r
7

|

3 y o e a g - m
f = & i 6 - 6

^

r r *
* W 4Ad y D

g _
-r - -

Pp b 4
_ _-

r
1. ! A h 5 $ h b % @ % %

v W m % % % % 7 7 7 T

N N N4 % % m u m n
+ c. . .

D Q Q Q. Q d q d 6
n n. n -

D
.

n n n. m m e m
.

"

+

) ] D_ 7 (M b J T b d - D
2 |

.

-- - _ _ _ - - _ _ _ -
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RB 9 Days 10 thi BI mECHR0lCS comuants CordersdeBy

- RSSO..CIATES 9horaa e hhCHKD. SY Dart I I wm a c. e. c.,..
..

! 't
$ = 2, Q(I 8|H)''S : g I W3g.d Q (g,g4,g,53'

" d .3.9fN'(2.76h= 0.32 He
Heb.'am Task lesoomss

,

From 4he FS A R) 5% dawp|w$ was use). .Usiog the $$E specfrum!
'

At f = 6.42 He ) 5,= 0.4l 3
A + f = 0.32 H e S, = 0, o3 sg)

Base 5 Lear

Q = C 5 hH +i * Qo,i - Q,,i = Ck,i b Si -'
i

e

=l.6l(o.40 4.9 I (O. liio + 0.2 438 4 0.958) d.49(o.442 U L 4.t7(0.53'Is 4-
'

~

0.75e7 + 0.2 bob + 0 93Ts + I.oooo)+ 7.es(I.os7e)] + t.s1 (0.4))-

(66s.C))
%o.? k=

$ bear hvc fo slosb|wg '
-

% = 0 45f(fr)W, M (l.fiU)
"O. 456(dsTI65GN)/awd (l.9'1 "f')
= 21s.2 k

.' .Q = 296.2(o,038) r 11.3 k
t

To+d Base Skear = % O.2+ 11.3 = 4 7 t. f k

Over furn u Mow e w+
'

H, = C (k'[ $(w; e; + 5)y;] = 2.u2<io" k-n

Hom e r+ le to slosL|- -

) L=22.5[[-f[~p ] + (37s - n.5S , x = l.gs(24)
c

= 3 0.S '

-
.

, , - . - - -_ ~ _ _
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w)CHNO.By<

- f , M = OI.3Y30.sk O.034 x lo" k-F+c
dT,+al Mo ed = (5,262 io.o3s'), to" = r2m to k r+r

ArcLor BoI+ G,pc;4+
~

l
30{4s } " M and made of A-307 54ec|are

Tersile atea = o.606.22 => F = 0,606(h63= 40 k3

A ncL'or Bo p- CL,|rs
~~

L.,) ad> 14" away frod shell
-

.
r .. .

-.

~ '

.. -- - .... . . - - - . - . - . .- - . - - - . . . . . . - - - . . . . . . . . . . . . -

I ! Effec 4|ve +kro,4 +k,'c bess '
"

h i = 0.1g75 (0.7o7)= 0.13 "

,) - - - To+al mel) area :
e ?, -,u --+ -

.

A = 4 (to.SYo.133= 5.46 ' ,.
_

loi', i
,

t

I:H(''%#,=so.2.l.) ~~

,

'
,,

,
. 1

M = 2. as (H o') = 65 |,,- h |
" ' ' '

.gmf.s _o: "ss(s.2sh ' aij,5y; cy3.. s so.z. -,

3ase. Pla4 e. Csose;4 0
* I

w ;4 k
d e 4 ". I + port |c| p )4eslde ,'s 304 5.5. |-Base

ce s,'s4;<p4e rs |le s hell Forces by wol|l|r| 9 4he Glv: we|g +l3
obove ;+. I+ w;ll be assumel & Lot +ke lp ate forms a p os4|cl

Mye where :4 |s wel),) 4, 4Le Lell ar) w Lere :4 corloc4s3

4Le Sow)d|os,
wLL v = wLL M=8g

QH" 2 Hg = wL(b = h

,'.L=dd =0.25'QM'.|x) = 1. 0 :I2"
'

.. __ ______ _
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.

DATE I I W- a cem. c ,..

. ,.) CHNO. SV(

V= wLL = 62,4(37511.0)= 2,350 Ya

Equ|valed shell s4ress =|3|s% = b1'P'I 'O'b 7 N'I

Equivaled skell s4ress for bol+ lo,) of 40 k -
- * hssues holf sfac|sg |s l5'

' ,' h rea of s he|| in is' = 2nOsYitYo,3i25Ygo S = N.73 A' !
i

. .. Cr = h73 2,716 ks|'.
Total eguivaled stress = 2,7I6 +0.627= 3.343 ks.'

~~

Y,'e.ld V we r .

- -- -

~ . , .

. _ . _. _ . . . . _ .

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

,

Base plate res|s+4ue is oc4 y et mok diwed.
' '

L k Je ,! wt, = 47,65 k

+ h ==P H = f(a r d ) c- = 3.3 43 ks.e=-
P = C.65 k . . .

A = 2Tr65YttYo, 5125)= 353, C
'

2 3I
y= Tr (iSYitl (0,5l15) = 3 |)S0'l A

,-

1 _

!

,', M =3 l,50'\ (2.7 f 6 + 3ff ) = A0,b22 k-|r = V57 k-G4

V wedU 4:sw| e

Shell Luckl|m3 governs +ke vl6de copac;4 . Tke buc k lir$y

pp , HC- 46 fo MC-f2 A w;ll le used.'

cr;teria or

't = h NI-f = kg'y n,353- 5 |- 0.? = \ 5 h '7 8'O N Ecr clawj:el elg

$=ff,Q=r,b =c c e o.23 (p.ec-52')g

due do
) To accovd for fLe |rcrease |n Luckila$ copec|4y

d |r fkeLy ro 54d|c pressvregressuri roflor ; 4 Le eve rq e

bc440m vir$
w;il be used.

p,,,,= D'N =H6os,-k.., r 33 l ' ===>
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RBN DATsio m i81 _ mECHRalCS couvents Gorlev sde
my - RSSOCIATES g r d $ d' bg

DATE I I WM A c o'i'. **'e-

) CHND. 3Y_
% (h $ = & (stb i = 0,l1 =# L C * 0. 2 bs

. ' . C = o. 2 3. o.2 6 = o. 413

[q,g = l.9G h = 14(I.oYo.41Y2s;4ol,33,7 p,
t .

3

C hec k ( Y i ,3_ ( sgY33.71 _ _

z:o@,is36pqg_o.is360ef,u.P - g g,
em

Ecc,e liofisk'fe9g)(0,H)IS-N = 7 Iq,, = 31.9 ks,''

ii

- : :- ~

in ,. = 'f'' = 0.00/l3 -'

_ _g. . . .

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

.-

NA 5
/ \ f

'1 H y
T 3'N DL (';

|

-f

Pe e-R ws,,, ,y a a m - se_
cr i _ em og,s , _ ,c r g_g%g,g

. ' , 9 = ed' coc S -|f; d - % e, ,L
y g3

. ..

e

t$* g" 0kM J O + -h dk JO ,i
y' DL s br'

'Ig f( e ,- eo 9) o. G 4 fy R A l9S
=2 y

et0

|

|
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sy R B d oars lo 031 B1 mECHAlllCS couusurs Gender 54Ie
- AS. SOC..I.ATES c,4o ro ,, T,, p i

caso.sv oava I i w- c. ....-

_

-P = 2 [ h_'*f (o a % -e e,Wy RHn -e ig f yg

= l (253ooYo.oolaYlsoYo.vzd (G *%-A6 ) +3.3430edfo.5125Yn-e i.
'

'. .i-w e, y y y

. ' c 5,547. 6 ( #
8_|| -[ #f ) + 376.l(rr-a,3, 4v.or = o1

-

.}. O , = 0. 4427 d. ,,, A 9 = 0. 4657 d.g 7

Hg = -2 E e ,, Q~,
# f(Reej))o + ffR(Re9))G

3 y

=-2 59 -M 0%e29 r f R*k fw 9 d9 ?'

o pa y.

Of
. 0

*-2 Y. I O S9~$- ~E S91"

yA 1 yen

) .- .. _

. . H, = 21s, sos :A = te.o 42. n-u
'

_

Frowi g.13 , M,_ r n,% o Ef- k >F=d#$rO.793

Fron p. Mc-s o : |2, = 0.10 a) @, 0. M

4L 'a s4|c Ere eg Absorg ,'or

An effec 4:n. doci:l:4y rd,'o of I.3 will be used. Tke follow,'$
's Fcou reg. 27.

Meliar ,lo -p ,'r3 , s s s-e l +o b e 7% ->#=7' '

g = 3.00[s' el.673

p = + l= 2.673

c = 0. 9 6 ([ '" = 0. H i l
E t r , o. < i l

) . . % = 9, - ;2. 673 (,l,3')- l.673J = l,27.

g _ _O . 4 ll(2 . 6 7 3 Y O.0 5 Y l.3 ) _ g' ggW e g, gg g
R l E '2. 6 73(l.13- I .b~13

-

-

. .
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,

fu = 0. 0 'l ( & = A n .@,, a 0. if *

'

D m oira

Frovo p . M-12 57, Jomp|m3 |s cors|Jere) 6 Le at I r.
3

WASH -tass 5% s 4co 40 +he 7% speckQompor|m +ke

at F = 6.92 He fc = Jr. ( $ 2 $ ')pec= 0. 07s,

p. H-l\ , @g = h, =M sol fu = h = o.09Frou

5pe c +r. I 5 kope

The spec 4rol shope 6c 4or w;il Le Losel or +Le fvr do-~4, (

b k fr equemy of 6. 92 n e.
Acce leca4|ov Sre w W A S H-l255 71o speebrum =0.245

3
L|uer,'ek 5% = o.9 I"" "

g
O '.',k3 = o ,yqy ' l . b 7

RoWou re ss

dawpe)A ec e f e ra l.'0- Fro- 89 I percea:le w^s n -u2ss 7tc

Spechrvai o f (p.4 2. d E |s 0, '? Sqq,

,' . hp $.s ( o'.$99 ) = 6. I7
McJe (!; o.

Frou p , M - 14 , p, = 0. 2 0 =+ E, = 6,4z e ' '# = 7. s 4 H e

Acce le rc k,'c o fre w VJ h Sil- 1255 7 % eko,vpeE specNrw. c 4 T.SHIe " b,12 2 \

.'.th; = .Nu b,h )= 0 lO
hm$ = 0,l0 ,N~l *kOlO+0*lO*O'IY |

.. v

Melo G A. 44|en

Ac c o rl|v.3 ?c 4 Lc Fe A Ps y 4kc u c j.- | re cp .m o r e c c es bl. .-l by
+Le svu cf 4 bc d s,Lle u dLc). The S Rss n.e 4Lc j |ssum

cce-| der:) k be m e J |- c e ., b , .d..

..Yec" k,*$f w 'l2L'
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i '

@e = % @||tD = 0.ol
Cow a: mo-L|ou e9 Eor 4kavake lowposeeks

Fron kke FSAR , 4ke response |s 3|9e+ L 4Le 3 reaked hor |rokly

reyonse co 6|ee,' obsolofely -;4L 4Le verticJ resporse. From p.

M- 17, +Le me)|,. response |s cors|Jere) to Le 4ke vec4or som
of toor. 09 +ke response due ho Ike pr|ne:p compores+ u,l 407, of 'l

4Le resperses Joe 4o &Le 4o or4Logor,Ico-porem45, s|rce n e
|s neg |3,lle :l'ver4| col response

F=g|ge=b% @g = $)~ W ';.+ =.211 _
_

ee
_

50:\ - 5+rvekore INrac -|,w

The Govedab|oa res4s os Is " w,'s, of e + Ler S;Ilcre 4e or. s4ruckral

behoek |s . loa, |m turn, rests or Lejrock. The 4Al deg4k k) 6,ckfill. TL|5
lls', Th|s |s no+ eirce4ed +o causa a y ap ;F; .

ca&om.

,' . ,=l.0 fg = 0 fu = 0.05 (esk| woke))

|

)

_.
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*

/s /So /3." 6hm p c

O.79 C.IO C . 2 'l C.7
t+,rer;5w '

Ireth +ie. hec y, Abscertion I 27 C. C 4 0. Il C. I_

%ec.% t E. hot. e." I 67 O,17 O O,l'

l.n 0.07 0.c a 00
%mni ns.
Medeitih- fO O O,14 0, I s

I.02 0.01 O o,c
Medel Co%t.b u+ ion'

CnybtndHe er9 Ec6dqu6e.c. Cc*v:on art 0.93 0.C1 0 6.C

i. r O f.v5 r , ''
Son -%octure Lierec* ion

I.59 0,23 (,3 i O.T
Ts+m

Medien Acc.elemHen Cqerig' l.59(015yr O.J.%,

.

1

i
i

!
i

I
|

,

)
|

|
+
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Rendor 5 hernab Gmmorv

4) Copac My Faefor

Fc. = a. 9 7 (4 = o. n l pe, = o. 2 7

Equi men + Rer7cm Fh ctor3D p

0.35 fg g = c,I9
Pcy l 50 j9gg =

3.) 5+r tUural Re:ponw %for'

Ps, - 1.0 See - C. O ' ($ck, = 0.O C

prelcreed, of & sc|| s|racbmbe kic+ cry anaysir wasShee. o.

interacNon Acto r afflies .

Grcunj A cccle ccth'o n dafaclp

0.67 j'v
0. T1 x 1. 0 v J. C x o try f=

A =

@a= (c. it ' + c. as ' + c.o' f' = 0.2 e

f,_, = ( c.2, ~ + 0. I9 ' + o.cc 'y = 0.3 2.

(o. 27 ' + 0.23 ' f' = o. *2
~

pc =

)'

i

s
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a
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Nuclear Engmeerity and Design 59 (1980) 27-45
0 North-Italland Pul>lmhing Company g ~ - > - < s.g ; 1 s 6~ r .

.
r-

., ..
_

STATUS OF BOILING WATER REACTOR STRUCTURAL INTEGRITY PROGRAMS AT THE
'''

GENERAL ELECTRIC COMPANY *
I -

E. KISS and T.L. GERBER |
GeneralL3ectne Coorstanorr, heleer Enginerrung Duvisioer San Joer, C4 M125 U.Ld. of

.:. * .

.9
The C<neral Electric Company is actively involved in a vensty of programs whose obsective is to evaluais and improve 9

the technoiory related to structuralinteptry of Boihng Water Reactors.This work covers many technacal disciptmes that
fall broadly under the%tle of Applaed Mechanacs and includes the technolopes of solid =arhanin, structural dynamics.
elasticity, plasticity,and fluid dynamics. ,

General Ekstric programs are directed at qualiracation of the predacuve method %, design bases and criteria used to
' ' 'evaluate and confirm the structural design saargins of the Boiling Water Reactor Nuclear Steam Supply System.This

includes the reactor pressure vessel, piping. fuel, core structures, and auxiliary equipment within General Electric's acope of ,

supply. Focus of these programsincludes identification,trtanarement and reTmement of operational and postulated acci-

pnt type loads; prediction of structure and component respcase; atudy of damage mecharuerns; and development of
*railure criteria. evaluation methods anal dcaign rules.

In this report, some specific activities and accomplishments during the last few years are e mmariasd in order to i*
'
,

provide a bread overview of the side range of technicalissues and propams undertaken.These activities have been?

| pouped into areas of: I - Dynamic Mode;ing and Structural Analysis;11 - Fatigue and Fracture Evaluations;III - Struc*

| tural Capability Tests; and IV - Flow Induced Vibration Emperiments.
.

I. Dynamic modeling and structural analyses J.J. Standard plant aemrise analpair

Nuclear power plant structures and cornponents Adequate design for seismic events is fundamental*

! tre designed for a large number of static and dynamic to nuclear reactor safety, since seismic dynamic loads-

loadings plus combinations of these loads.These are often found to control the structural design for
; include normal operational type loadings such as many components and structures in the nuclear plant.

weight. internal pressure and temperature;operatio- For this reason General Bectric has undertaken a'

i nal type transients such as turbine trip and Safety series of comprehensive seismic analyses of the
'

Relicf Valve discharge;and extreme loadings resulting BWR/6 Standard Nuclear Steam Supply System

from a postulated earthquake (SSE)or a Loss Of- (NSSS) reactor structures and components housed
CoolanbAccident (LOCA). Clearly, structural design in a nuclear power plant of standard design and
and analysis for each type ofloading requires applica- arrangement. The objective is to provide and qualify -

'

tion of appropriate models. methods and technology a standard reactor which meets stringent NCR siting

developed specifically for that purpose. and design requirements for high.selsmic plant sites. p.
The following sections discuss severalimportant To achieve this objective,a set of bounding response il

technical issues in the area of dynamics modeling and spectrum envelopes for a wide range of possible site
'

structural analysis pursued by General Electric's soil conditions have been established as the design

Nuclear Engineering Division. bases for these reactor components. bTo establish the all soils envelopes for equipment

"''* Paper presented at the SMiRT 5/USNRC Panel Session
was completed using finite element methods,in

.g}'' Status of Research in Structural and Mechanical Engmeer.
irw for Nuclear Power Plants",Berhn (West).14 August, which the non-hnear behavior of the soilis accotnted
1979. for by an equivalent linear method. Fig. I shows the (

d
.

27 ~,

..

I

b
.
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mination that the fuel bundle could survive this4pg. ultra 4evere dynamic test with no major failure or
s

N
damage.e , , , , ,ie. a,,

, '

3.3.Seisnicacsammability test, ,

A seastmc scrammability test was designed by----

General Electric and conducted by General Electric's
licensee, Hitachi, Ltd., to demonstrate the scramma.'"

2"
- 3

' / ,g - bility of a BWR plant during a seismic event. A~

achematic of the test fixture assembly utilized isM.N. c . shown in fig. 50.nis test fixture was speciallyu ,.

''"""'

designed to ac' conunodate a full 4cale fuel module~

I composed of four fuel bundles. De top guide and. _ . .

' Ii ,,,,,,,,,,,,, 7 g core plate were designed to simulate the actual hard.8
ware. All other components such as the fuel support,

M"" |
3- casting, guide tube, and control rod were actual BWR* * ' * * * * * * ' ? .| production hardware. De driving mechanism for thee .

.
<

|
'' "

g control rod consisted of a complete hydraulic control.

cse -

unit and its accesso' ries. The test fixture was
.

. I ', approximately 45 ft high,with 15 ft below the
~

ground to accommodate the control rod drive housing., ,

- :-- men - -

De test fixture was mounted on a pivoting mecha.*

!
nism at the ground level, so that the fixture would

s== | swing rigidly about the pivoting point when it was1
L

Fig.19.5eismic scrammability sest assembly schematic. excited by the horizontal hydraulic actuator input.{ Both sinusoidal and multi. frequency exciution were
assembly by conducting tests at higher and higher g used to drive the shaker during scram events. How.
levels until some element of the assembly failed or

ever,in order to achieve large levels of displacement
until maximum capability of the test facility was

at the center of the fuel assembly it was necessary to
reached. A dynamic shaker table test of the fuel

use a sinusoidal excitation at the resonance frequencybundle assembly was performed in air at ro'om tem.
of the fuel assembly. ne scram was performed at

perature.ne fuel rods contained unenriched
various levels of mid. fuel displacement and the time

uranium for proper mass to obtain the correct
required to reach 50%, *15% and 100% control blade

dynamic characteristics and the fuel channel box used
inserthn was measured.Re dynamic response and

-

had full scale dimensions. The fuel bundle assembly i scrammability time for various levels of seismic
was supported vertically in a test fixture exactly as it
isin the reactor.ne test fixture was mounted on the

excitation and hydraulic control unit charging

General Electric 13. foot electro hydraulic shaker pressure were measured.irtsome tests a maximum

table. During the course of a whole series of dynamic value of mid-fuel displacement ofj;gi (62.5 mm)

tests the fuel bundle was subjected to over 500000 was obtained. His corresponds to a ground, peak

cycles in the horizontal direction with an average
acceleration which exceeds 0.5 g. Even at these .at-- .

input acceleration level of 0.5 g (P-?) and a maxi- axtremely high levels mechanical integrity was main.
amined and scrammabihty was demonstrated.

mum t level of 1.65 g (P-P). It was also subjected to
over 250000 cycles in Ihe vertical direction with an 3). Seismic valvequaI/Ic7/T5iileu
average y level of 1.25 g (P-?) and a maximum g level
of 2.1 y(P-P). Key results of these tests were the
quam (fication of dynamic characteristics and deter-

In addition to seismic strdctural capabihty tests,

t
equipment seismic qualification tests are also con-

! .

|

( i

!

I

. -
___ __
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.(([ TABLE 5-4

.

EARTHQUAKE COMPONENT CO MINATION FACTORS
2

.

3

FEquipment Characteristics Case ECC CC -

Three-dimensional response, general coupling 1 1.04 0.12

Two-directional horizontal response. 2 0.82 0.09
general coupling

Two-directional horizontal response, 3 0.93 0.Cs
uncoupled -

One horizontal direction plus vertical 4 1.24 0.06 j
direction response, coupled 1

One horizontal direction plus vertical 5 1.16 0.03
.disection response, uncoupled

k'
Unf axial response only 6 1.0 0.0

l

1

1

!

.

'

.

.
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responses. The SRSS resporse acc e lerdor wooll l'e : '

Ac = l[o.7396(2.537 [0.006s(0.1t374 [o.2536(0.6 I)?

= I, 9 89

. . Fu = 2. op , , , g g e , g4 (),g, g ,3'

.g

coa:sa? ov of EQ Cowpoweu4s (suhsys4ah :

E-W a wol W e f|co.l EQ comporeds . ore. eo4 ' 'e'xpectel to-

khe ...vc h e EGed , ;F asp on 4ke re s oils .
,,

.

V

@ a = 0. 07'. F = l. o 1g

( Se r<,1 Sh,peg

The peak Floor acce le ra4|oas 0.sb399
a4 5I, 331'-o" o d

'

R l . 3 5~2 '-o '' , w h,e r eo l> 4a,%) vs|+ g Oe FSAR0. b H b4 o -9e r

vn e 4- kenfor McAcl co w l|va4.'os w;4k & 5% dawped SS E spedrws,
IO% clawped wed|ae specNeuwLis |< g 4 he WA SH- I2 55

E I , 33 2 '-o " E I . 3sa '- o "

Mode f Porf,F,c, Hcje $(, $, A ccel, H,Je sk, $, Acce l,

\ 2.9 0 H+ 67.59L O.0 Il94 0.24759 0.2589 0.oI325 0.2475 0.28790
3 $

2 7.69 21.086 0.0o4234 0.noi 0.0272 0.00cotr 0.n oi o.0001

3 I2. II -2 4.75/2 0.Co7672 O.ISHB O.035l O.012 63 C.18 46 0.05'77

H I].04 -lb.bl5 O.oCl230 0.IbO3 0,0033 -0.O|l50 0,lb o3 0.030(c ,

0.0 4l4 b? 0.1500 l C.Co b2. 0. 0422d 0.1500 , G. cob 35+ ?20 i-

I - h (P.F') . (H. 5.');) # Hass 4kJ hos no+ pori |e:pc.4ed ye4 =-

'
5255 Acccl. For E l 33 2 '-o " = 0.2 63 3

E I . 352- O'' = 0.2453
" " "

Ave A c c e f. " O. 5-(0.2 63 + 0. 295 D r 0. T74a

_ _ _
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av 98 t'} DATE 1122167- mECHRnlCS couuanis keoc for + Gdro I
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,

,',ks= 0'f7Y 'l,17
'

,

Ro adown e ts :

Use WhS H - 125C 10 '4 bawpeb Sd,( fercebe spec $ rum.

EI. 332 -O" E I, 352 '-0 "
'

Mo)c F P,r4. i,c. Hoje Sh. 5, Accel. Mode. SL, 5, A cce l,
, _,,

1
'

| 2,4 0 fle 87.59 b 0.01194 0.3 0 Lf O.3153 0.01328 0,30/f O.3507$ 3 $ 3
2. 7.sq 29 086 0.oon34 0,2572. o.o317 0 0000 5 0 2572 o.0001

3 11.Il -24 742 0.007681 0,200 b O 038l O.01263 0.200b o,0627

4 17.04 -l6,6/f o.00t230 0,16 4 b 0[00361 -0.01/ro 0,16 4s 0,03I.7

$i b20 0, ost 84 b 0.IS00 h.00b2 0.04t19 .l500 0,00b3-

SR65 Acce1. For E l. 332.'-o '' = 0.3 lq $
'

" " "() E l. 352'- o" = o.35 gg
Ave , A c c e I, = o,I (0.31 + 0.35e3= o.339

3

,'. (S = A ( $,] E D = 0.lR-
*

p

Do u n ,' r a
,

7% ckawp eq |s cows |NereN No le O |T ,
Us|<3 Oo WASH-1255

7 % ola wp e) w e) |as spec 4ro w :

E l. 332 '-O E /. 3 52 '- O "
#

Mode G Pa rk. Fse. Mode SL. % Accel, Mode Sk S Acce l.o

o.21813 0.01328 o.2groI ; 2.10 He S7,596 o.01194 0.2s50S 3 0.33lr$
2 ' 7.61 29 086 0.004234 0,2463 0.0303 o.000o/5 0.2463 0.0001

3 12. II -2 4.7 42 |0.007692 . O,1960 0.0373 0.0/2 63 0.1960 0.06l2

4 17.04 -lb.bir o.ool2 30 0.I634 0.c033|- o.01/g0 0.l634 0.0311

5+ >J0 |- o.04I46 0. Isoo | 0 00b2 I 0.04229 0.1500 0,00b3

SR55 AcceI. For E l, 3 32 '-o' = 0 3 02 3 A9e. h c u I. = 0 Mg (, 352 '. o '' = o .339 3
" " '

5

(3 = 0% = 0.oh..@,=b.(?.EO=0.I'l * Q a = & = 0.I2- + v

- - _ _ . -
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M c)e ll|a, .

(3.7 = 0, 20 @n=0.IO =* @m. = $ (3,'r,. + 0. l 0*

[(,,, c 1 h4' '#''l#[(. I where $g,..g,.,,, = sgeckl .occel, 4
4'r ego e a c y o f f; = h,. c'#'

E l. 3T2. '-O " EI. 3 5 2'-O "

M ole fj .is(* Porf. L. Mode SL. L A ccel, HoJe SL. ~^5 . Accel.

0.0l328 0.2475 0.2879I 2,37 Hit 87.596 0.oll44 0.1975g 0.25893 3 $

1 6.46 29.o86 0,004234 0.2400 0.0296 O.0000/5 0.2400 0.0001

3 9,91 -24.7'I2. 0.0076s2 0.2001 O.03s2. o.0 2 63 0.2o01 0,062r
'

'4 13.9/ -16.b15 0.00/230 0.1742 00035 d.'01/50 8.l74d.~ ~o,0333
,,

5 18.6 4 -13.911 -0.003772 0 l54f 0.008l o.oo32s'I o.I545 0.oo7I

h+ >10 0.0(I02 0.|500 0.00I7 0.003398 oMoo 0.000T()
'

E l. 332 '-O" El.352-O" ;

dole 5: | %. (%; @, . S S e,. 0,,.g. @ n,'i

O 0,IO0 0.10 0.2974) 0.28713I O.2569 0.2589
3 3

1 0.0272 0.029h 0.08f o,l3 0.0001 0. cool 0 0.10

3 0.035l o,0382 0.085 0.13 0.0577 0.0629 0.08f 6 13

4 0.0033 0.0036 0.087 0,l3 0.0306 0.333 0.0Sr o.13

5 0.0078 0.0 061 0.036 0.11 0.0069 0.0071 0.029 0 10

h+ 0.0017 0.00I7 0 0.IO o.0005, 0.0005 0 0.Io
'

Fo r E l. 3 3 2 -O '' '
l%L .L 3-.L - .

+ O'l .l bL '!O O. 3 O. b
+ o ?b.'t) .

.

,[O II (0$$f + 0. Io {{."S
)

( = 0 IO'

'
For E l. 352 - o" -

f.,-0.l0
|
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'
.t . - 1.0

'

O. r7 O 0E C ,19t > _.; r .

h I, f2___.i._ __D__ i [224 CM.ved-J W
Un&d_CIn?Sqh_ @r.=m '>..
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2, n ! O, le i O 0, M

. bs muc_y._ _ __
! l,o

| C. D 0.06 n. IH
vesen i ),0 ! O O.10 ! 0.10
Ton-ertrUe.%e. L+eracMer ! I.D O O.06 i O.05'

'

"Terte_ ! ~5. 4 4 0.3B 0.37 t-C54

ucde Acceere6 Cec.is -3.44[0.is[= 0,52q
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