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NON PROPRIETARY VERSION

From ti. @ results it can be seen that the crack should begin to leak
approximately 96,000 cycles before it would fail.

Based solely from this fracture mechanics analysis and a system startup and
shutdown cycle occurring on an average of once a month, the acceptahle
number of cycles is far beyond any anticipated service life of the LPCI-KX
as well as several orders of magnitude beyond the maximum conceivable piant
14 =2 ae including 1ife extension. Therefore, i1t is concluded that the
frac.ure toughness =7 the shell side of the LPCI-HX is more than adequate.
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Appendix A.l

Finite Element Model Material Properties
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Appendix A.2

Adjusted Material Properties for Stud Hole Regions



Tubesheet and Tube Data



i e

.-r_: ik

e !.'.”,n'."bl”‘ Rk ‘ug'm =
S

|"|'|'H

"F- iy "'I‘]‘ + S e .-LI_ ILJ\_ -

A Sl

r|"|' '5_:“
*‘ e

"‘H'.'l.w“ B
u..‘ R

A_.! '_:.'_ Sl

r.w' o
B

| LI L Fiy

u-'wI 1 .'
o i r ‘I e (T R
”“Lu. o AL I!f ' W

S e P o

i H.”Y;IM RE

E ' \lJ -
L.'. .r‘.;‘%i e
1 W‘ =il

\!'" "F“iulll |.-u -

1'|':—-5-I|IJ ' I s
""'!;'II;FC* u:i'ﬁ“*lf, o """"n
4 i
.1‘,9 ﬂ.u' u
i N ,r-. e C,-'.E?"'f.
1 -'fH : T" ‘i"“u' """"1‘. AR

|'—u R

3 JI :Hf h_l) L
t ':% II "‘| ‘;gn Tlfl‘ ""P H
w-a '\F" al

rnj‘u
s

e S
X' 3

ST - (e
LTI r“‘.”il'L-llL L
- T ""|-u'| - -

= ) ll
1 II = 1_,: o Il:lz-”J ot

r

A

T PR

A ! S
el IR JL'

|.d J. .J.”,.

S

s
J_

o E i
Wl
I__Z'ln"'lL '|:" ;

\l

4‘.”[“1'!7' PR l' IE -Fj:.'(“f"ﬂ"'-' -

Lt

=y o ¥
bl . Ul e 5 =

. ‘I'..""'l\ i ;!_‘
_II Ly .'.H':wu 't"__
=t .\ -»

s HIM" I\l_ ”

:ﬁ'ﬂ,J

—||||

L | l: i
— ._.": N

-u n

L
"i‘ll | =
.i" .‘. 4l .II '.Mu" -EUI.’ oy

..‘1|.

1? 'Lﬂl. e vr,‘ t"“!ii”,"ﬁ-ﬁ@ j_l,

.H,, LS .ﬂw.‘l.-.h.

i o e

“\I
""4"’)' (K= __I
Loy

'\J_l B

-:‘J'l.lu;.l |II ulJl IJ‘”u_I

!-II" .illu, J._ 1|JI I'|":' ;“ :: ILuflTl'?I'I?ﬁII.-'-.

Ll e
i
iyl

'

o s i '|| " ‘E_

fiae IH T

2SS

e

- - |||I__I_ t LY _l.
1 1 - N

it
Ty

nH.

&

O
) e ;F@ "{' i’.' e

, | ‘ln B
'u' ;}4': .,,1,{'}}}, Jl ”."' .

\

e |
=

I "
2
: =



= S iy

_i.l".l‘.l‘]l"l ' N i 3 3 — 1 w- ) o o : il -
al, " W, P ] |-.‘ S RS T : b b 4 e " =

IT.J.'."‘ ! hl' \ I,".r ... ; u-"“# ||"r"H" \I..I b b . LY . 3
-1 B g

nt , Ta
Slinse = N -"'L“; = ' i SR T R ) i O . Rk
Yl H.,-.,.'F.JI e R S ' : ; | WA
R, S TR
et e TR s 1l T s oy . oa - T, g =
ok, L R (Nl :
= iy = I - : 1 'I
oy
A . B ol
u ! f
| p . 1 i Jm
0 =
% e
: il
Sl w BN
‘III L
- B .-
- 1 ¥ - aith N
; .
i - i |
£
B 1 - :|II
| L
W
i ‘ : : el
i} - b - ;
e . -
o : Sl
' 3
1 ' v._r_
A s S { . '-
5 = | ‘ | n y i 11_:
- [ Y . P
; ol
) : 17 LI
i . o N
| T & = ) g &by
¥ B 1 7I o
¥, ‘ : Rl A

o wlation Mm«m Stud Preload TR el

5 i I
. .-‘.\ IW ! N : B T
" iR !
' g lI '8 1 v ‘ O L ‘”- -H‘l )-
: v P " : : o M It v ten=Sqrd
R ' ' : - 1 A
r % "mia = . T ' 14 pall |
3 N
1 B I . = v 0
: U i L
4 = ! i 3 ; "y {3l v e
YN P . . 3 . : b y i A
- A c { I
d ' ] . : [ N LA
I:.'. g HUR L' -4 ‘ : ) - ' =y f e
Y Il" IlI‘I 1 1 '
i = i a I} I
' w 1 < ’ (3
' & i . B
o M e e i . F .
T . bt 1
. i = [
] 1 = f -
yoit, 2 e = TS0 ! y r 7
b i e 30y X S ] g
I J ] 3 L . : 3 o
! 1 : ‘. of y i . Al ] . ; E
R TR L =1l = N v . -
= i [ = i
,H Tat o ¥, ') "
i .1|.-‘I Ll "'t i ‘ : i 1, -
) HI-1‘ f _“'_l !I + E 1 ! : 3
L0y y 1
P B 1 I‘ 7 ! :
oy } - (i . : : . -
e I Lt L
g ' : : g
"-.',JI'&F R 1 o i N i . , A ¥
'y i 3 1 L I ] ) . ' ) i g i -
N < b
*'?HL.- b i AT : by et -
: 4 £ " : . BRI T 3 T
I ! . \.I
£ \
{
: o g ! o
¥
I
1 :
plivh e :
1 . -
{
v
.
|
i
'
:
'
i
n v :




e wn-:@f‘,{
E _‘__“I-!"_E_-{‘i:_p.rh L-_J' = __'__'l_'
IR e M IS o

HE . -' ‘1.14‘ = IL\I.‘I? 3

':L.
i

S ‘.J" i “f”‘u:.ml. !

e
f:-,;h. .i ‘H" R " i Sl
L T S S *
Ry i I"| L
‘r i '

|,!'_|Jr,:“:|ll“~ N =3 -H_I“_:I; J'\IH__ u |—_‘|I||:|
T : S - s o
L |11-l_-|| fe = - B - I" ' i il i H LH"' B IIJ{
e e G REE  Hiel

|—-ﬁ_‘|" |r . N =

J...“u e b Teulah
‘ng-"h_'.)u {
J T
! FW L e : .'|l Pl L
_-|"l_|1“|_|||||'fl|'l i b= =

,E%E i i I‘ I“| - I_Cf L-L' | 5-. i ,MIWI 1‘.' 'T"r 4
-
7

2 = ‘|_l_ I Pﬂ r- - ] 1 _H_ [ - " HIIIIJ I i - H_ I
W 1‘||- S e e IIlFI SO e AT L A 3 . I”"J
ot thy T i AR e : AR SR A
AR R SR R T e S '**”T
't ‘w-":“.ﬁ'\_ b:" S M Y egIE '—“_” = "‘::'.H‘ ‘r-* H.I| “;ﬂillll‘)' '."!.J T 'l‘b-” on "'ILU\HJ H,‘mL_‘.‘
e I Aot il ECR L U“ _.Lm”_u s L e h el
,_H»._m..- i RS e ."' ”l = "’L ‘—1|l'_ e
L : Aot AR = ".r'.“u S .'JI.'L i
"" . ) el - L e ! . F‘ i I iy
1?4' = 44'1? "".'IL B 3 L;'..""-'" ”!,Nll_ o ' Wi L.ul-.{"' —“.l i I|I'a| . N J| .-,. B .“_J] "."‘H |H "I‘I‘|:I"‘"W
ox R il LR ARG ' . = ; G o
i '\ pﬂ‘ o B2 S .hT . L H-"'l"%u. =IF ; PR — ‘!_ e 1. : II. ¥ .
T |-.||'—..T't i i £ P e |'"J‘ ‘u.'.l'll' o
:,,-,g-t,”._H h| mel o SN e L) .

il

ll; - ey
!

s et H i AL

i i JII--f-}].rl.“?‘ﬂlf,-‘},ﬂ-c;:[
'-'T -'\_" e o] wljfr

Pl iy G e e TR 7

2 ,:‘Lﬁ,“?‘ .J.'Ill' II:Il'L.L'.ur' - "

Qs s

\1ﬁ|‘<‘ | N .?T N & 3 -"I .:lll‘l l”\“ B

S0 v v LG 1 ‘1 ! -
e o e A e e AT ”" 5 | o — R \ﬁ 5
s AT .l S i R kR
N u"’.'j]. Aﬂ s ,15 G ’[r' 0 ,[ _f‘}' h! i i .Mhﬁ_m ey
Hll'” F"T_\"..'_' '.' HJ‘ : :] e |“‘LI : Jj L R S i | 5 IE"' “_ M .lﬂ:'\ £
pa i Sl : SIS e e B I
i JHF";'..”._1'.r:.1‘ .:"'.1“"‘ "L' 4 S e T .:',:w;. _rr‘u'-q‘f'ﬁj'r'
= A S | Lh o=
(E ‘l"q il ) ,;" i - L) S N B ‘."'L.._ ".3 .
N ..-r"”" i B I T fi Y
R T H'HI‘;‘"" I'I_|.|-\-\'ﬂ e _.- I : #LE'!'.‘

S L i
I S P L S

oy 'J";." W : i n,w

,—,..L.l.' PRI TR . ¥ ‘|'
i ‘.] o I‘”?“HL |

||i\

i u

_ U P -
r b I i i i n gy = !
H_.U - 'F—‘H_ i o o 1 L . II - . 1 1 oL
s ._| I _
| ""||' T _'I_J-::Ahw‘lm -5 H.l
! |I S I J! -|I,|:|w ”

‘-,.\ :
ity T

5

i)

=

J ’ﬂ"’*. R e T | e
-':'lﬂ ""“'l.' ;H' ] ?! ‘rIJ S .: .5 ”.“.'”-'_
| I ..,” AL







T S R Al

&t ! o Ll ' = A - L e L L IO - 1 - [ - -
Mk el i L (e TR R T O T S S A T I e e ST P Pyl -
B PEVREE IS s ':-',':'". TRY Ly o] - e T T e e e
I el R ?u-".:"!riﬁl LT T by SH TR e el 1"'..| '\ ek
T Mg, Ll ane S T Eor Tt [ ' uA oo Y
"'.“'rﬁ St ”|.':'j=*." iy s | e | I Y ;'l' ' e o 3 §N; A-C iRy ¢
e o'y { " B " -u P =S e L b '3 B ¥ o g RN
i '_.';rli"mlw..él.l it ‘H_'_[ PR R - T e SR g el b = - L Py g IL. L."‘I‘JI iy
! e " : . 1 I I I 1 i n
WL - : o g ‘ ' i i
2 T _ i ‘ - B i
e : 2 < 1 5,2 - pad
i g, A "
e Bt T I : e ’ =i
i ry = Py
S i ' y
: ) e S IE
il
:
- ,t t:|=
: ) o 5E-
" oy
.
. - Pl
fig 0
.\I . \ } '
.I |‘J . ) f k o f i =
i Vo ] S0 : ‘
‘ ‘ ik :
R o : o : Fi
. W | " FL EN . - AP \
3-D FINITE ELEMENT MODEL APPENDIX :
L b= . s
R S R o ‘- | o
i wel o S T MR e TRt ' ) I I
Rant] | TV I A L 5 { -
R il o ST ; ! = o | A
b vt R T R I S . ; . it ;
_M i ,". iy Ly sl || h ool Bk . ¢
ISR e e MRl LR B A=
II i L ) E ) £l ' [} -
R L KR 7 ) I !
e} ‘ ‘ : CH
= LR oni =l ' L |
! & A g l v I
s I = ‘I II ] = N ‘. =
\h » AI ] : . . ‘
: : e T :
Rl e . =y : ' [ .
ot N
Jpit 4 ) §
‘ ; o
s N
, ag
-
> \
T T e : . O
=t | T feen E | K v .
i) \ O e -]
R H s T PR A e A =SB i T g ! ’ , W

o g ek e GO RS Sl DR ; ;

iy d A : 4 s : :
Ll T S T - e A l‘
R = nl‘-”h-‘ LN R L I PR EE g L T O PN S Wy RPN o il nd R 5 % b o ey ie s i R b i P =t 3 2 |




¥ BisioBenh e o 1o i Adeil - gl 1 . = o adw t = lgen i i
Hoan HI'I\';.' s L e S i SiE N ey I 2R Ty
X or ol 2 e i LI S e = S 0 S O 9
] | |J'| P i ‘_r”| 1” P - ~“_I o ",— 'HI,II,_' TL il Py Il g i K Il ||I_| s ||n1 ,

o B ) e =3 Wl ) |
Ba \r,.._ LA S T ot =2y ol = I =} ! '|T'_'-' Wiy |
dg“l | . ,

1 '\_11“1.” a0 SRR A '.'. ., -':'.'I‘ " 'I'.- e o " b R ' " '..?” "\wl. o g
R oyt St e o PR 1 R | L L TR -
& I “,l I‘I"I ) B 1 y i |'\|EI—II (4 L = e l\ " _ ' |'HIH T _— ) i \I" | | I| 1 :
5 | ] B T F i o . - ) e . v ] =i
L'I_-’;:_'."':III: A e gL ‘.i.\. il o s i .I-":I" P e "Nl T e e Aol | 0y ot “II.
i - S - 1 " ) -
- "_ - ' 1 "
LIS i i (Rt ' '
I— H I d t ! 1 |
L = & e

il

W
1

"'-aﬂ-gp mm lmﬁmtfnpm«nmm Properties

B
L

L
=N “‘\‘ i

:\u | It i | | y i '

"”'4"‘#” ,Ih Ea 2 e ' i i )
s : ?2 1\-'4 [ :




3 Aopendix 6.2
1

: Calculation of Blowoff Pressure
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Attachment A




