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ARSTRACT

The structural imegrity of the Southern Californis Edison, San Onofre Units 2 and 3, Mechanical Nozzie
auwmu).wummmmmnmmuummmmcmm
nozzie. is designed and fabncated under the requirements of Reference 5 1. Project Plan No S3-NOME-
IPQP-01566, to satisty the requirements of the ASME Cocle. Section Iil. The acceptabiiity of the design is
estzblished by the results of the detailed structural and thermal analysis comnained in this report

Al stresses and cumulalive fatigue usage factors within the scope of this report are satisfactory and meet the

appropriate requirenents from the ASME Boller and Pressure Vessel Code. Section Ill, 1989 Edition (Nc
Addenda) (Reference 5 8)
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The objective of this design report is to present the results of the evaluation of the Mechanical
Nozzie Seal Assembly (MNSA) to be installed on the side pressunzer RTD nozzie and the bottom
pressunzer level nozzie at the Southem California Edison (SCE), San Onofre Units 2 and 3

The MNSA is a mechanical device that acts as a complete replacement of the V'weld between an
Inconel 800 instrument nozzie and the pressurizer. Its function is to prevent leakage and restrain the
nozzie from ejecting in the event of a through-wall crack or weld fallure of a nozzie The potential
for these events exists due to Primary Water Stress Corrosion Cracking.

The MNSA for the side pressurizer RTD nozzie and the bottom pressurizer level nozzie have similar
designs and operate under the same conditions. Since the side pressurizer R TD “ozzle is larger in
size, the analysis for the side pressunzer RTD nozzie MNSA presented here is considered
bounding Where differences exist, specific to the component, analyses are performed

This revision is performed to modify the methodology used in calculating the load on the bolts
conneating the MNSA to the pressurizer

12 ASSESSMENT OF SIGNIFICANT DESIGN CHANGES

This report presents the detalled structural and therrnal analyses required to substantiate the
adequacy of the design of the SCE. San Onofre Units 2 and 3 Mechanical Nozzie Seal Assembly as
a replacement of the nozzie "J" weid This analvtical work encompasses the requirements set forth
in Reference & 1 and is performed in accordance with the requirements of the ABB CENO Quality
Procedures Manual QPM-101 (Reference 5 2)

13 ANALYTICAL MET!.OD

Standard methods of elastic analysis were used in this evaluation. The ANSYS 5.3 finite element
computer code (Reference 5 13) was used 10 perform the structural analysis of certain components
as required. This analysis follows the requirements of the ASME Code Section Il for Class 1
components and is analyzed fr a 40 year life

po e T e e o . ——
ABB Combustion Engineering Nuclaar Operations
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20 DESIGN INPUTS
21
271 The Mechanical Nozzie Seal Assernbly is considered a pressure retaining component. The
design pressure is 2500 psi and design temperature is 700°F. Operating pressure and
termperature are 2°50 psi and 853°F  respectively (References 5.3, and § 4, pg. 3). Ambient
design temperature is 120°F (Reference 5.7)
212 MNSA materials, matenal properties ano stress allowable limits are given below and are
taken from References 58 and 5 6. Table 11,2, Tabie 1.2.2, Table i-5.0, and Table 16 0.
lem Matena!
Compression Collar SA-479, Type 204
Lower Flange SA479, Type 304
Upper Flange SA-479, Type 304
Top Plate SA-479, Type 304
Hex Bolts SA-453, Grade 660
Hex Nuts SA-453, Grage 660
Tied Rods SA-453, Grade 660
Socke! Head Shoulder Screw EA-453, Grage 660
Matenal Aliowabie S ress Thermal Expansion Coefl. | Modulus MOW
700°F (@) (X 10* inan/*F) (E) [X 10° psi)
2"5@ Sy (ks) | 120°F 200°F | 683°F | 700°F
"BA-453 Grade 660 ® : 827 830 9.00 28.9 248
SA479. Type 304 18.0 17.7 8. 60 879 961 283 246
213 Sue pressunzer RTD and bottom pressunizer level nozzies matenals are taken from
References 53 65 517 and 519 Matenial properties and stress allowable limits are taken
from Reference 5.9 Table 1.2 Table 1.2.2. Table 1-5.0, and Table 1-6.0.
[Component Egﬂmbo?ﬂ' Modulus of E |
Materal (@) [X 107 infin/*F) (®) (X 10° psi
—«W‘P‘ B53°F 10°F #’f
Sate 1%;,1» 316 9.21 9 69 28.3 248
Sale End SA470 ype 304 9.19 961 283 248
Nozzie SB-166 787 788 310 262
I - Inconel 767 788 310 282
Vaive SA-182 Type 316 9.21 969 28 3 248
Prossunizer shell SA-533 G, B Sm= 267 ksi @ 700°F
Pressunzer shell SA-533 Grade B Sy = 43.1 ksl @ 700°F
e

ABB Combustion Engineering Nuclear Operations
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ohts (0 . ods 1
| %mﬂ 5 5000 in 3780 In
0 4405 in 0 3008 in

"Basic piich diameter 04875 in 0.3544 in
Minor area 0 1486 in” “0.0878 in°
:mum 01600 in” 0.0778 I’
W Side RTD Bottom level
Tm.‘!:ndm‘ a6 in" 4781 in™

ares ViR 0.0778 in" 007785 in’
"Rod ares K AR 01104 In° 01104 In”
where (Ref 5.19)
(1) 4.395 in = tie rod length (9.5) - rod length (3 5) - flange thickness (0.73) - nut thickness (0.5)

« free end rod length [not engaged) (0 375)

@ 4781 in = tie rod length (12.6) - rod length (5.5) Nange thickness (0.75) - nut thickness
(0.5; - free end rod length [not engaged| (0 96%)

215 Vanous componems dimensions are taken from Reference 55 56 517 and 519 as
indicated below (Note: Some dimensions are calculated/estimated from field

Side Prz RTD Nozzie | Refl Boftom Level Nozzie | Ref
“Pressure D smeter 7.330 In RS | MM E '
of - 8.00 in 519 1300 In 519

370 In 519 5.50 in 519

(%)) From O.D. of the head
@ Calculsted from measurements
3) Estunated from measurements

216  The Mechanical Nozzle Seal Assembly design provides for 0 085 inches of compression of
the Gyafoll seal (gap between Upper and Lower Flanges, Reference § 8) Such compression
of the Grafoll creates pressure of about 3 500 psi, according o Reference 523 It is
deemed 10 be sufficient to seal the possible leak area on the Nozzie because achieved
pressure exceeds the design pressure of 2500 psi at design temperature of 611°F Sealing
capabilites of Grafoil were verified dunng the hydrostatic test at 3 125 psi and three thermal
cycles from near ambient temperature to 650°F and 2 500 psi with borated water.

o L 3
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217 Hydrostatic test pressure conditions are not analyzed in this caloulstion because the seal
mmmumnwmmm.mumom
performed as part of the seal qualification (Reference § 10).

ASSUMPTIONS

221 If no crack s present, it is assumed that the MNSA s not loaded durning normal operating
conditions mmwmuomnmmnuwwowwnmm
wal crack at or above the Jweld This load would be equal 10 the intemal pressure of the
Sysiem against the area of the nozzie. This load would act against the top piste and
distribute through the rest of the assembly back into the pressurizer shell. After this event
ocours, the load would become cyclical from essentially zero at Cold Shutdown 10 its
maximum at normal operating conditions

222 A coefficient of fnction of 0.30 for Grafoll on Inconel 800 is assumed Reference 5.21. Table
vvmammuummmmmozom-mmon:w For this
application. the load generated 10 compress the grafoll seal is significantly larger than 12
pal. Extrapolating the information in Reference 521, @ factor of 0.30 is considered @
masonabile assumption

ANALYSIS

MNSA DESCRIPTION

mmummmmaommm«mvmmonm
Inconel 600 instrument nozzle and the pressurizer it replaces the sealing function of the weld using
-mwwummm«mwwmmm The
mmmmmmwmummmmmm
mmmmrwma.mamuummmmmmmum
feature prevents the nozzie from ejecting from the pressunzer. should the J°weld fail or the nozzie
develop a circumferential crack.

Two mechanical nozzie seal assemblies are analyzed herein Each MNSA consists of threaded tie
rods, top plate. upper flange, lower flange, compression collar, seal retainer, Grafoll seal, retainer
wwnn.mm:m.rommmmmmm.wtopmumm
wmmmmwmmmwnuuﬂmnmm.ummmmm
unun.mmmofmommmmmmoumw

Threaded tum.MMomﬂMleMouorwmmmmmu. generate the
force necessary to compress the Grafoil sezl To keep the seal in place and avold leakage, the load
1§ ransferred through the threaded fasteners into the upper flange. and into the compression collar
Both the lower flange and the retainer seal act as seal retainers Since the bottom pressurizer level
nmhubwudonmhmhmmmt.chommanwnommwmmmcm
tmmwwmmmwmmrmmmummouu

Drawings (Reference § 8) for the pressurizer RTD nozzie and the botiom pressurizer level nozzie
(Reference 5 8) are presented in Figures 1 and 2

ABB Combustion Engineering Nuclear Operations
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32 LOADING CONDITIONS
321  Loading Dye 10 Pressure

The applicable loading is due 10 the pressure pushing against the entire cross section of the nozzle
From Section 2.1, mmnmdmdﬂomwkmnoubmmmbiuhn and
1Mmmolmoboaommunmbvﬂnounuomm Therefore the loads are

Load (side pressurizer RTD nozzle) = (2500 psi) (1.386 in’) = 3,473 ibs
Load (botiom pressurizer level nozzle) = (2500 psi) (0.886 in*) = 2,215 Ibs

3122 Loading Dye to Them.al Expansion

Under operating conditions, it is assumed that the tie rods temperature increases from a referer.ce
temperature of 70°F 1o the ambient temperature of 120°F, and that the nozziethermoweli/valve and
the lower flange are perfect heat sources and reach the operating temperature of 653°F (Section
21, These conditions prouuce the maximum gap closure between the nozzie and the MNSA top
plate. On the other hand, @ more reasonable lemperature distribution is selected basec on
engineering judgment. In this case, it is assumed that the tie rod temperature increases from a
reference temperature of 70°F to 200°F, and that the nozzleAhermowell/valve, as well s the lower
flange, reach the temperature of 400°F under operating conditions. These conditions produce the
minimum gap closure between the nozziethermoweil/valve and the MNSA top plate

The thermal expansior (maximum and mirimum closure gaps) due to the displacement of the
nozzle is caloulated as follows (Reference 512 pg 53)

& due to thermal expansion of the nozzle = L a AT
where L is the iength of the component (3ection 2 1)
« Is the thermal expausion coefficient (Section 2.1)
AT is the differential temperature (as applicable)
Maximum/Minimum Closure = Nozzie + Safe End + Thermowell/Valve - Tie Rods - Flanges

where the tie rod length is determined 1o compare growths of equal length (not related 1o  actual
length, |.e . component length - flanges length)

Side pressurzer RTD nozzle.
Maximum Closure.
(3.00in) (7.88 X 10° in /in. *F) (653.70)°F +
(370 in) (.68 X 10° infin. *F) (653-70)°F +
(1.30 in) (7.88 X 10° in/in. *F) (653-70)°F -
(6.905 in ) (8.27 X 10 in/in. *F) (120-70)°F -
(1.095in) (861 X 10° in/in *F) (653-70)°F = 0 03168 in

R R S T e T e e
ABB Combustion Engineering Nuclear Operations
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3213

Minimum Closure
(3.00 in ) (7.57 X 10° in/in. *F) (400-70)°F +
(37010 ) (9.21 X 10% in /in. *F) (400-70)*F +
(1.30in.) (7.57 X 10° in/Ain *F) (400-70)°F -
(6.905 in) (8.39 X 10* in/Ain *F) (200-70)°F -
(1.005 in) (9.19 X 10° in/Ain. *F) (400-70)*F = 0.01114 in.

Bottom pressunizer level nozzle.
Maximum Closure
(2.00 in) (7.88 X 10° in/Ain_ *F) (663.70)°F +
(8.50 in) (9.61 X 10* inAn. *F) (653.70)°F +
(6.50 in) (9 89 X 10* in/in *F) (653-70)°F -
(9.531 in) (8.27 X 10° inAn. *F) (120-70)°F -
(3.460 in) (981 X 10% in/in. *F) (653.70)"F = 0.04191 in

Minimum Closure

(2.00 in) (7.57 X 10° in/in. *F) (400-70)°F +

(5.50n) (9.19 X 10° inAn. *F) (400-70)°F +

(5.50 in ) (9.69 X 10° in/in. °F) (400-70)*F -

(9.531 in) (8.39 X 10° inAn. *F) (200-70)°F -

(3.469 in) (9.19 X 10° in/in. *F) (400-70) F = 0.01450 in
where (Ref 5.10) 3 460 in = (2.203 - 0.274) + 0.70 + 0.75)

Ammmmw'onmmmmmwonrnnowo.mnmomw
gap analyzed for in the following sections

Cold gap setuing for the side pressurizer RTD nozzie

Awmmmmmmmmmmuwwmwnw
expansion of the nozzie If the nozzie is ejected, the impact load would produce stresses on the tie
mmmmmmnumuAmuo.wzo.ou'ummmmm
side pressurizer MNSA It is recognized that the low end of this range is less than the maximun:
closure obtained in the previous section. Since the ideal conditions used to obtain the maximum
closure are not anticipated during operation, the 0025° minimum gap is concluded to be
acceptable The maximum coki gap setting of 0035 indicates that a gcp of 0.035
0.01114=0 02386" can exist during normal operation. Therefore, the stresses due to the impact load
are determined assuming @ gap of 0.025". The stiffnesses of the tie rods and top plate are taken
into consideration in the calculation of the stresses

ABB Combustion Engineering Nuclear Operations
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- —————

The total deflection due to 'he impact load is determined below. it is assumed that the energy at
Impact is converted into potential (spring) energy, and that the total displacement is equal to the
amount of displacement allowed by the gap plus the deflection of the nozzle and MNSA after
impact All equations are taken from Reference § 16, pgs. 317 ana 3.20

Kinetic Energy = Spring Energy

-'-ml"" ~1KAx’

2 -3
where l':Jﬂ—s

mias)= ;—KAx:
where Fema

Fs lKAx"
2

Assuming that s = Gap + Ax, and a friction coefficient of 0.30, then F = 07 F,,  where F., is load
acting on the nozzle (3,473 Ibs) then

P
07F (Gap + Ax) = 7 K Ax

! .
-2-A'Ar-o7FG@—o7lfo=o 3.1

In order to determine the Ax, the stifiness of the tie rods and the 100 plate are calculated

e L e T — Y
ABB Combustion Engineering Nuclear Operations



ABD g -8

Pags 14 of 35

Ihy

(01104 ' )(248 X 10" °5)
Ko eedBes . 312006 %
/ iSim m
AE (00775 in” )(248 X 10" 'e‘-/.—) .’f’[
=4 /N 749
K tve s =4 4395 in i oot
Stiftness of the Top Plate (Section 2.0).
;mmmmmmnmamumnwummmmmnmms11‘mnzo
ase 1a
wa' C L
rotEve W
where
gl U0t »@f {10) i’

= 2,271,062 ibf

. P e A
12(0-y%) i12(1-03%)

and Cy, Cy, Ly and L, are constants, and are calculated using the equations of Reforence § 11,
pgs. 332-334 where
a=1008in
b=05in
. ® 0.6650 in
t=10om
y*03
E=248X10"psi
C,® 08404
C: =1815)
Ly = 0.0264
Lo ® 0.2024

Solving for the stiffness of the top plate:

£ o : =1,016100 %

B ——— L e e Y
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The equation [3 1] previously developed is used 10 solve for Ax
1
2

Solving the quadratic equation using a load (F) of 3 473 Ibs (calculated in Section 3.2 1) and & gap
equal 10 0.025°, we have a maxamum Ax value of 001356 in. Solving for the impact force we have

K A <07F Gap-07F Ax=0

Force . * K, Ac= l.Ol&lOO%(OOUSO in)= 13808 /5 =139 kips

3231 SIRESS DUE TO THE IMPACT LOAD
Slress 10 1he Ue rods

From Reference § 8. Tie Rod Diameter = 0.376 in
Notch radius =0.040 in
A= (x) [0 1876  0.040)° = (x) [0. 1475 = 0 0883 in’
Impact Force = 13 0 kips /4 tie rods = 3 475 kips

Stress = 3475 kips / 0 0683 in” = 50 88 ksi
Stress = 50,88 ksi < 28m = 53,6 ksl

Shear stress in the threads (0.375-16 UNC-2A)

The tie rods pass through the top plate and are held in piace with nuts at the top and at the
bottom. The top nut is the only one being loaded during impact. The nuts are of the same
material as the rods Therefore, the external thread are is used.

From References § 14 and 518
AS ® 0 Le Kn max [1/2n + 087738 (Es min - Kn max)) = 0.288 in’

where n is number of threads per inch = 16
Le is the length of engagement (nut thickness) = 0.5 in (Ref. 5 8)
Kn max is maximum minor diameter of imtemal thread = 0 321 in
Es min is minimum pitch diameter of external thread = 0.3287 .
Impact Force = 13.0 kips / 4 nuts = 3 475 kips

Shear Stress = 3475 kips / 0.298 In° = 12.086 ksi
Shear Stress = 1207 ksi < 0.6 Sm = 16.08 ksi

On the other side, the tie rods thread into the Upper Flange s:id are locked down with look
washers Since the Upper Flange is manufactured from a lower strength material than the
tie rods, the strength of the Upper Flange thread is the critical element of this connection
Therefore

From References 5 14 and 5§ 18 g
As=nnle Dsmin [1/2n + 0.57735(Ds min - En max)] = 0 414 in*

T T L B o T e e e e TR
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where. N 18 number of threads per inch = 18
Le is the length of engagement Assume equal o 0 § in (Ref. 58
lnmummmmmuotwmm-o.mm
mmnmmmvmmumm-o.mam
inpact Force = 13.0 kips / 4 tie rods = 3 475 kips

Shear Stress = 3.475 kips / 0.414 in’ = 8.304 ksi
Shear Stress = 8.39 ksi < 0.6 8m = 9.6 ksl

mammmumummmmmmnmmyu
calculated as a simple proportion

W -mmmmmm)xmummwm-
*B390)x05=0427 in

Shear stress (n the hex bolts (D $00-20 UNF-24)

mmaotmaommooumwmmms.s.s

Stress (n the top plate
The shear area is = n (D) t = x (133 1n) (1.0 in) = 4. 178 in’
where D is the diameter of the thermowell = 1 33 in (Reference 5 19)
t s the thickness of the top plate = 1.0 in (Reference 5.8)

Shear Stress = 130 kips /4. 178 in" = 3.33 ksl
Shear Stress = 3,33 ksi < 0.6 Sm = 9.6 ks

ABB Combustion Engineering Nuclear Operations
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FIGURE 3 RTD TOP PLATE

i o
R 1

L I——

<L .

mmamumwmrunmmmwumwm-ummnoun.m
impact load is applied at the location of the outer radius of the thermowell. From Reference

§11, Table 24, Case 1a:

ro = 0.6650 in (Reference 5.19)

a= 1008 in (Reference & B)

be05in (Reference 5 8)

W Foae’ (2%) r=13.0 Nips / (2 n) 0.6650 in = 3.327 kips/in
Ve = 0.2623

Ko (va) = 0 5676

M=K, Wa = 05676 (3.327 kips/in) (1.908 in) = 3 500 kips-in
o =6 (3500 kips-in) / (1.0)" iIn" = 21.50 ksi

Bending Stress: o = 21,59 ksi < 1.6 Sm = 24.0 ksi

324 Cold gap setiing for the botiom pressurizer level nozzie

A cold gap between the tie rods and the top plate shouk be sel 1o accow lor the thermal
expansion of the nozzle If the nozzie .5 ejected, the impact load would produce stresses on the tie
mds and top plate which need to be considered. A setting of 0.037° + 0.005" is recommendec for
the bottom pressurizer MNSA It is recognized that the low end of this range is less than the
maximum closure obtained in Section 322 Since the ideal conditions used to obtain the maximum
closure are not anticipated during operation. the C.032° mimum gap is concluded 10 be
acceptable. The maximum cold gap setting of 0.042"indicates that & gap of 0.042-0.0145=0.0275"
can exist dunng normal operation. Therefore, the stresses due 1o the impact load ave detern ined
AssSUMIng @ gap of 0 028" The stiffnesses of the tie rods and 1op plate ar~ taken into cor- Jeration
in the calculation of the stresses.

P e e e e e e e e e e
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) b
(01104 in" )(248 X 10° —-4) by

AE
K_oé -4 A - 1991215 =L
- ! 5Sin ' n
Ap (00775 in*)(248 X 10 i‘-’{) by
-4 =4 = |, d
K bt v / 478\ 168,033 m
Siifiness of . Top Plate (Section 2.0).

mms.smmmmnum»uommmmumupm

wmd'hucmmwwm.A&Dmmmoﬂﬁmnm%tﬂ“&”
type slement Amnmmmmmmnmmmwmmm

mw.mnnuumums.n.tomwwmw.aumnmumum
mumo«um«m,mmnmmwmuammmm Due
tommsmm»wnumumvmmoooummmunmwonown
(a0 piaz resulied In ¢ value of 0.0001989 inch The output from this run is shown in Appendix 8 The
£ Mna a is determined as follows

% tou e ® F /0 = 1000 Ibs / 0 0 - 198 Inch = 5,025,126 Ibs/in
Retermination of equivalent stiffness:

E.in : ~ 755810 %L

L | | | n

-

K-d Km-u Ks,ph

!q:-.dﬂ'l(s1]WMW‘2.3.‘M|O“MWAX
-;-KA\" -O'IF’Gq:—-O?FAx:O

Selving the quadratic equation using a load (F) of 2,215 Ibs (caloulated in Section 3.2 1) and a gap
equal to 0.028°, we ave 8 maximum Ax value of 0.012986 in. Solving for the impact force we have

Force . = K, A¢

Force ., = K .. Ax= 7ss.s|o-’lf’;’-<oo|zoo i) = 9,795 Ibf = 98 kips

ABB Combustion Engineering Nuclear Operations



A.' S-PENG-DR-002, Rev 01

3241

Suess (0 the te rods

From Reference 5 8 Tie Rod Diameter = 0 375 in.
Notch radius =0 040 in
A= (x) |0.1875 - 0.040F = (x) [0.1475)" = 0.0683 in’
impact Force = 9.8 Kips / 4 tie rods = 2 45 kips

Stress = 2.45 kips 7 0. 0683 in” « 35 87 ksi
Stress = 35.87 ksi < 28m = 3.6 ksi

Shear Stress in the threads (0.375-16 UN-2A)
The tie rods pass through the top plate and are held in place with nuts at the top and at the

bottorn. The 1op nut is the only one being loaded during impact. The nuts are of the same
matenal as the rods Therefore, the external thread are is used

From References 5 16 and 518
As = n n Le Kn max [1/2n + 0.57735 (Es min - Kn max)) = 0.288 in’

where n is number of threads per inch = 16
Le is the length of engagement (nut thickness) = 0.5 in (Ref 5 8§)
Kn max is maximum minor diameter of internal thread = 0.321 in
Es min is minimum pitch diameter of externa! thread = 0 3287 in
impact Force = 9.8 kips / 4 nuts = 2 45 kips

Shear Stress = 2 45 kips / G.288 in” = 8.51 ks
Shear Stress = 8.51 ksi < 0.6 Sm = 16.08 ksi

On the other side, the tie roas thread into the Upper Flange and are lockad down with lock
washers. Since the Upper Flange is manufactured from a lower strength matenal than the
tie rods, the strength of the Upper Flange thread is a critical element of this connection

§

From References 5.16 and 5 18
As = n Le Ds min (1/2n + 0.57735(Ds min - En max)) = 0 414 in’

whe e n is number of thread., per inch = 16
Le is the length of engagement. Assume equal 10 0.5 in (Ret. 5 8)
En max 18 maximum pitch diameter of intemal thread = 0. 3401 in
Ds min is minimum major diameter of external thread = 0.3643 in
Imeact Foroe = 9.8 kips / 4 tie rods = 2 45 kips

Shear Stress = 2. 45 kips / 0 414 in’ =5 92 ksl

Shear Stress = 5.92 ki < 0.6 Sm = 9.6 ksi
The minimum allcwabie length of engagement of the tie rod into the Upper Flange may be
calculategd as a .impie propotion
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The effect of impact on the bolt are evaluated in Section 3.3 3

Stress in the top pluie

The shear area is = x (D) t =x (2.08 in) (0.75 in) = 4 883 in’
where D is the diameter of the valve = 2.08 in (Reference 5.17)
{ I8 the thickness of the top plate = 0.75 in (Reference 5 8)

Ghear Stress = 9.8 kips /4 853 in° = 2.02 ksl
Shear Stress = 2.02 ksi < 0.6 Sm = 9.6 ksi

Benging stress

The top plate finte element model developed in Section 3.2 4 was used to determine the
stresses in the top plate. The effective applied load of 1000 Ibs generated & maximum
stress intensity of 2052 psi. Scaling this value

2052 psi X (9820 Ibs /1000 Ibs) = 28 089 psi = 20.0 ksi

Bending Stress: o = 20.0 ksi > 1.6 Sm = 24.0 ksi @ 700°F
However, this allowable is &t design temperature of 700°F. This temperature is unrealistic
for the top plate which is approximately 13 inches away from the pressurizer head.
Therefore, considenng & temperature of 300°F a more realistic temperature for this

component, this value is acceptable since the allowable stress at 300°F is 30 ksi (Reference
5.8, Table 1-2.2).

Bending Stress: o = 20.0 ksi < 1.5 8m = 30.0 ksi @ 300°F

e T e e
ABB Combustion Engineering Nuclear Operations



Y1) N

Page 21 of 36

33 DETERMINATION OF STRESSES - Normal Operating Conditions (after weld fallure occurs)

331 Tie Rogs
The following evaluation applies 10 both the site RTD and bottom pressunzer nozzle locations

Three areas of the tie rods (Reference § 8) need 10 be examined

1 The notched area between the threaded area and the full thickness rod
2. The threaded/nutted connection at the top plate; and
3 The threaded/nutted connection at the upper flange.

i Al the notched ares (Reference 5 8)

Tie Rod Diameter = 375 in
Notch radius -0.04C i
A (x) [0.1875 - 0.040F = (x) [0.1475)° = 0.0683 in’
P w3473 kips/ 4 = 0.868 kips

o= 0868 kips /0 0682 in” = 12.71 ksi < Sm = 26.8 ks

Since the load on the botlom pressurizer level nozzie is lower and the tie rods diameters
are the same for both assemblies (Section 3.1), the above stres: value is considered
bounding for the bottom pressurizer level nozzle

Fatigue Analysis

For futigue. assuming the nozzie is cracked through and that the load cycles are from 0 10
2500 psi, the cycle on the tie rods would be from 0 1o 12.71 ksi. Reference 59, Table |-6.1

gives a fatigue life of infinite cycles (>10'").
2 Top Plate Connection io Tie Rods
The tie rods pass through the top plate and are held in place with nuts at the top and at the

bottom. The top nut is the only one being loaded. The nuts are of the same material as the
rods. Therefore, the external thread is used,

Shear stress in the threads

From References 5 16 and 5 18
As = nnLe Knmax [1/2n + 0.57735 (Es min - Kn max)] = 0.288 in’

where n is number of threads per inch = 16
Le is the length (1 engagement (nut thickness) = 0 § in (Ref $.8)
Kn max is maximum minor diameter of internal thread = 0.321 in
Es min is minimu.n pitch diameter of external thread = 0 3287 in

Using the load of 3,473 Ibs / 4 tie rods = 0 868 kips
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Shear Stress = 0.868 kips / 0.288 i = 3 014 ksl
Shear Stress = 3.01 ksl < 0.6 Sm = 16.08 ksi

The tie Rods thread i'ito the Upper Flange and are locked dowr with lock washers. The
Upper fiange (s manufactured from the lower strength matenal, consequently. the strength
of the upper flange thread is the critical slement in the connection, hence.

From References 516 and 518
As = n n Le Ds min [1/2n + 0.57735(Ds min - En max)) = 0.414 in’

where n is number of threads per inch = 16
Le is the length of engagement Assume equal 10 0.5 in (Ref 5 8)
En max is maximum pitch diamoeter of internal thread = 0.3401 in
Ds min is minimum major diameter of external thread = 0 3643 in
Using the load of 3,473 1bs / 4 tie rods = 0 868 kips
Shear Stress = 0,868 kips / 0414 in° = 2 087 ksi
Shear Stress = 2.10 ksi < 0.6 Sm = 9.6 ksi

This s.ress value is bounding with respect 1o the bottom pressunzer level nozzle since the
lowest engagement length value (0.5 inch) is used and thread sizes are the same

332 TopPlate
Sige pressunzer RTD nozzie

The top plate will become loaded and the shear foroe will be equal 1o 3 473 kips. Shear stress is
proportional 1o that calculated in Section 3.2.3 1. Hence

t® 333ksi (3473 kips) / 13.9 ksi = 0.832 ksi
= 0.832ksi < 0.6 Sm = 9.6 ksl
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Bending in the Top Plate

Likewise the bending stress is proportional 1o that calculated due 10 the impact load In Section
3.2.3.1. The bending stress is

o= 2150 ks (3473 kips) /130 ksi = 5 304 ksi

Bending Stress: o = 539 ksl < 1.5 Sm = 240 ksi

Botlom pressurizer level nozzie

The top plate will become loaded and the shear force will be equal 1o 2 215 kips. The shear stress is
proportional 1o that calculated in Section 3.2 4 1 Hence

e 202 ks (2215 kips) / 9.8 ksi = 0.457 ks
1= 0457 ksi <06 8m = 9.6 ksi

Bending stress.
Using the 1op plate finite element mode! developed in Section 3.2 4 1 to determine the stiffness, a
stress value of 2062 psi is scaled for the applied load of 2215 psi under normal operating
conditions as follows

2962 psi X (2.215 Ibs / 1000 Ibs) = 6530 psi = 6.54 ksi

Bending Stress: o = 654 ksi < 1.5 8m = 24.0 ksl

333 Dolt Stresses

Desqn Sizng

Four (4) 0.500-20 UNF-2A hex heao bolts hold the assembly 10 the Pressurizer. Under normal
operating loading, the load would pass from the top plate 1o the tie rods, to the top flange to the hex
head bolts. The same loads applied 1o the tie rods may be apphied 10 the bolts.  The loading applied
is for the side pressunzer location and envelopes the bottom pressurizer location

Stress Area = 0 1509 i’ (Section 2 1)
P = 3473 kips / 4 = 0.868 kips
o= 0868 kips / 0 1599 in’
o= 843 ksi < Sm = 26.8 ksi
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Bolt Pre-load

The bolts for both MNSA locations ae being pre-loaded 10 30 f-ibs (Reference § 8) To determine
the 108d in each bolt. the following equation is used (Reference 5 15, pg. 302)

T=02Fd henceF=T/024d
where T is the applied torque = 360 in-ibs

d is the nominal major bokt diemeter = 0.50 in.  (Section 2.1)

Therefore, F = (360 in-pounds) / (0.20) (0.50 in) = 3.600 kips. This is greater than the loading which
occurs dunng normal operation, 3.473 kips / 4 = 0.868 kips. As a result, only the preload condition is
analyzed for the bolting.

The total pre-load of 4 (3 600 kips) = 14 400 kips

Maximum Bott |.oad

Due 10 the flexibility in the design of flanged connection between the MNSA and the pressurizer, the
impact load during ejection of the nozzie will increase the load on the bolts. The stiffness of the
flange relative 10 the stiffness of the bolts will determine what percentage of the impact load will be
transmitted to the bolts. The total load on the bolt can be expessed by (Reference 5.24).

\
|

Fmax = Preload + (—-——&’——-JF_,_
vt K s

The stiffness of the components is calculated in the Appendix C and shows the maximum bolt losd
o be

Sige pressunzer RTD nozzie
Fmax = 36*(

9584338 ) 139 608 kips

9584338 + 3842170/ 4

Bottom pressunzer level nozzle

Dade & 3_0*( 3971477 198

3971477+1279191) 4

= 545 kips

The maximum bolt load, 6.08 kips, (s used to evaluate the stresses in the bolt. The loads on the
side pressure RTD nozzie are limiting and will be used to represent both MNSA locations.

Tensie Stress

Stress due 10 the maximum bolt load is
Stress = 6.08 kips / 0.1599 in” = 38,02 ksi
Stress = 38.02 ksi < 2 Sm = §3.6 ksi.
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The bolts thread into the pressurizer and are locked down with lock washers Since the pressurier
is manutactured from a lower strength material than the bolts. both external and internal threads
must be checked Therefore

From References 516 and 518 :
As = nnLe Kn max [1/2n « 0.57735(Es min - Ka max)] = 0.4 in”

where n is number of threads per inch = 20
Le is the length of engagement. Assume equal to 0.5 in
Kn max is maximum minor diameter of imernal thread = 0 457 in
Es min is minimum pitch diar *eter of external thread = 0. 4616 in
Maximum volt load = 6.08 kips

Shear Stress = 808 kips / 0.4 In” = 156,20 ks
Shear Stress = 15.20 ksi < 0.6 Sm = 16.08 ksi
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Bressurizer thread

From References 5 16 and 5 18
As = x nLe Ds min [1/2n + 0.57735(Ds min - En max)] = 0 541 in’
where N is number of threads per inch = 20
Le is the length of engagement. Assume, Le * 0.5 in
En max is maximum pitch diameter of internal thread = 0. 4731 in
Ds min is minmum major diameter of externai thread = 0 4906 in
Max Bolt load = 6.08 kips

Shear Stress = 6.08 kips / 0.541 in’ = 11.24 ksi
Shear Stress = 11.24 ksl < 0.6 Sm =0.6 (26.7 ksi)= 16.02 ksi

The minimum allowable length of engagement of the hex head bolt into the pressurizer may be
caloulsted as a simple proportion; based on the bolt threads

Le o ® (Shear Stress / Allowable Stress) x Assumed Length of Engagement =
= (1520116.08) x 0.5 =047 in

Stresses due 10 (hermal expansion

The thermal expansion of the upper flange and the lower flange could produce stresses in the bolts.
Both the upper and lower flanges are of the same matenal, SA-478 Type 304. The thermal
uxpansion is determincd below. Dimensions for the upper and lower flanges are taken from
Reference 5 8.

Sude pressunzer nozzie

Upper flange thickness = 073 in.
Lower flange thickness = 0 365 in.

Expansion = (0.73+0.365) in. (9.61 X 10 inAn/*F)(853-70)°F = 0. 00613 in

It is assumed that the bolt gromth occurs over the bolts length that s in comact with the clamp
assembly The thermal expansion of the bolts is:

Expansion = (1.085 in.) (9.00X 10° invin/*F)(853-70)*F = 0.00574 in.
Theretore, the stress in the bolt

Stress = A5 E /L = ((0.00613- 0.00574) 24 .8 X 10° psi] / 1.095 in
Stress = 8.83 ksl
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Bottom pressurizer nozzie

Upper flange thickness (top)= 0 75 in

Upper flange thickness (bottom)= 0.70 in
Lower flange maximum thickness = 4 186 in
Total thickness = 5 638 in

Expansion = (5636 in.) (.61 X 10° in/in/*F)(653-70)°F = 0.03158 in

It is assumed that the bolt growth occurs over the bolts length that is in contact with the clamp
assembly, then the the nal expansion of the bolis is

I Fxpansion = (% 836 i) (9.00X 10° IVin/*F)(653-70)°F = 0.02957 In
Thercfore, the stress in the bolt

Stress = A3 E / L = [(0.03158- 0.02057) 24.8 X 10° psi] / 5.636 in
Stress = 8 .84 ksi

The maximum thermal stress from the two locations is added to the Maximum Bolt Load to
determine the fatigue of the bolt.  This evaluation is conservatively applied to both locations

¢ Primary + Secundary = Max bolt load + Thermal ‘
Primary + Secondary = 38,02 + 8.54 = 46.86 < J Sm = 80.4 ks| |

Fatigue Usage Facior

For a maximum primary plus secondary stress of 46.86 ksi, a stress fatigue usage factor is |
calculated Using @ stress concentration factor of 4 (Reference 58, Section NB-3232.3) and a 3
Modulus of Elasticity ratio, Eouve / Emaena ® 30 0/24 8 = 12097, the aftemnating stress intensity, Sy, 1S

calculated to be

Sut * 4 | S/ 2 (Ecirve / Ecnanena )] = 4 [23.43 ksi (1.2097)] = 113 4 ksi

The number of zilowable cycles N . 'vas determined using Figure 8-4 of Reference 59 for a
component with a maximum stress less than 27 Sm. This transient is evaluated for 500 cycles cf
heatups and cooldowns (Reference 5 3, pg. A-454), therefore

U= 500/783 = 0639
U=0639<1.0
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354 ShearPins - Bottom pressurizer level nozzle

The bottom pressurizer level nozzle is located at an anglc with the MMSA. Shear pins are installed
through the lower flange 1o resist slippage of the MNSA with respect to the pressurizer shell. The
tolal load bolt preload vy 14 4 kips results in shear on tH.e two pins

Diameter of shear pins (Reference £ 8)= 0.76 in

A pins = (w/d) (D)’ = (wd) (0.76)° = 0.4526 in’

P = 14 4 kips (cos 27°30') / 2 = 6.386 \ips (Reference 5 .8)
1= 6.306 kips / 04536 in’ = 14,08 ksi

1= 14.080 ksi < 0.6 Sm = 16.08 ksi

Bearq Stress

Diameter of hole (Reference 5.8) = 0.766 in
in contact thickness (Reference 5.8)= 0.768 (wan 27°30) + 0.38= 0 778

A=Dt=(07668in) (0778 in.) = 0.5858 in
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