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CALCULAT TION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

Calculation No.
ThPoC

Revi sion

Method of design verification (independent review) used (check method used):

1. Design Review ________

2. Alternate Calculation_________
23. Qualification Test_________

Justification (explain below):

In the design review method, justify the technical adequacy of the
calculation and explain how the adequacy was verified (calculation issimilar to another, based on accepted handbook methods, appropriate
sensitivity studies included for confidence, etc.).

In the alternate calculation method, identify the pages where the
alternate calculation has been included in the calculation package
and explain why this method is adequate.

In the qualification test method, identify the QA documented
source(s) where testing adequately demonstrates the adequacy of this
.calculation and explain.

- At

Design Verifier-
(Independent Reviewer)

Date

Method 1:

Method 2:

Method 3:
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WELD FLAW EVALUATION FOR THE VORTEX NOZZLE OF THE REFUELING WATER

STORAGE TANK

computed' dat.l
I-M~TE-0Ci1 ch>eed •fld a teVI

1.-0 F ~rý20v

The purpose of this calculation is to determine maximum allowable
flaws in various WBN Refueling Water Storage Tank Vortex nozzle
austenitic shielded metal arc welds (SMAW). This evaluation
utilizes conservative fracture mechanics analyses to determine
the critical flaw size of the welds.

2.0 Assumptions

This analysis utilizes the procedures contained in ASM1E Section
XI paragraph IWB-3640. Code Case N-436, and Appendix C. All of
th welis considerei are SMAW joining 304 stainless steel base
material using E3083-16 filler, and therefore, it is assumed that
a limit lcad analysis is .appropriate since austenitic stainless
steel will plastically collapse be~fore the onset of snab1 e
ductile tearing. Thermal and bending stresses are cinsidered to
be zerD since concrete and ;rout will not allow bending of-~the
stainless steel.

3.0 Sou~rce of Design Input informatti-

* 3.1 PDM Drawing D-10, Transmittal Number 2000C4. Contract Number

* 56039, P. 0. Number 76K 70-820613.

3.2 FDM Calculation page 5.25, File Number 283437.

3.3 ASIIE Code Case N-436.

3.34 FFRI NP-4690-SR. "Evaluaticn of Flaws in Austeninic Steel
Pilping-

1.5~ AAM Boier and PressureZ Vezo Code Section X:. 100411,

pragraph !WE a640 and Appendix

1. AIM Boiler and Frecssure Voz.sel 7d. S.ectinn 1086E d.c
Alpendix 1



Page /of 0
WELD FLAW EVALUATION FOR THE VORTEX NOZZLE OF THE IREFUELING WATER

STORAGE TANK

computed~x piae I

4.0 D-.ýg nltD t

4. 1 Nozzle Section Properties (Reference 3. 1)

Radius (inches) Wall Thickness (inches)

11 11/16 5/16

4.2 Mechanical Properties (Reference 3.6)

'h= 18800 psi 67=313h 56400 psi for 304 S"3

4. 3 Applied StresS 3 Feer en ce 3.2)

head pwre-ssure z20.9 sg SSE pres'su~re irrrea.s = 19?.6 ps;g

5.1. Critic-al Flaw .ze in the St~am WqelJs

The critical flaw size can be calculated using the equations- of
Code Case N-436 -and EFRT NP-4F690-SR a- follow-.

M [1 + (1.61//4Rt'121O.5

P mean r3~s 11 1-1/16 + 12x 5/16 11.ý44 inches

f W I ~-:j i.

- .~~vr'

1 ~ - 9- ~3 9 F07 - -. 6
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W4E LD FLAW EVALUjATDICN FOR THE VORTEX NOZZLE (OF THE REFUELING WATER

STORAGE TIANK

computedw dae
WBF-~1TB- ~01

E•LrI_, P z, (Dse Cn d itin s., S F =

The total pressure is the sum of the hydrostatic pressure and the
pressure increase due to a seismic event (OBE). The OBE increase
in pressure is assumed to half of the SSE increase in pressure of
Reference 3.2.

Ptotai = Phead + POBE 20.9 + 9.8 = 30.7 psig

O(Fh totaIR/t = (30.7)(11.844)/(0.31251, 1163.5 psi

12 = F(3x 18. 8./'3xl. R6h) 2 - ]4xl I .44xC0 312-5/1. 61' 2- 4'. 7

I=41..9 inches

Fcr E m -r ze n vY/ F au1.t e t Cn~di t n s S5mi

The total pressure is the sum of the hyirrostatic pressure and the
pressure increase due to a seismic event (S)SE).

Ptotal,1 Phead +- PS_-E ='20.9 + 19.6 40.5 Dsig

(T7_ Ptota!R/,t = (40.5)(ll.844)/(0.33'125) 1535.0 psi

12 = [(3x18.8./'1.5xl.5,35) 2 
- 1J4x11.544:0.312_5'11.61] .5508.3

1 =74.2. inches

-~S ' -_-_e__'F n
" r-;i-w ____ __A

Tri L:7 ra ff :r f-c-rtf>. I a' n zte

As 7 31iNC he :: L'4n~ k3ý o~n P-- ,L:e o :r

CSACK Main Meýnu.
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WELD FLAW EVALUJATION FOR THE VORTEX NOZZLE OF THE REFUELING WATER
STORAGE TANK

computed d). ate ~

o Option A, Allowable Flaw Size Evaluation of-the Codes
and Standards Evaluation Module.

0 Option J, Circumferential Crack Using the Source
Equations of the Allowable Flaw Evaluation Module.

The source equations in the pc-CRACK program are identical to
those contained in ASME Code Case N-436 and EPRI-4690-SR. The
relevant dimensions used in this computation are:

a z crack depth, 1 crack length

Streses nd afeny facotrs w4ere~ c'alculated as fo~llows.

Normal Answr

The longitudinal membrane stress was calculated to be half of the

hoop stress (581.75 psi).

Since the welds are SMAW. the inputs to the source equations were
altered to account for the load multiplier, Z. Since the source
equation option of pc-CRACK ices not provide prompts for input of
Z; the safety factor was adjusted to produce results in
accordance with IWB-3640.

FS =2.77 x Z = 4.01, Z =1.15P1 + 0.013(OD - 4)] 1.449

Emeraencv 'Faul ted

The stresses and saet factor was calculated the same way as the

normnal/upset o:>dizisn.

FS-1.:3. x Z = 1.01. Lonc::'-iinal memrarnr. rr:eyz : 70,5ps

The r--zK>- fr th-o allawac'I flaw teo Dwl -hlcinesz rn s

f~rvai~a fs, enth o irzmfrone atis ro n agel5
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WELD. FLAW EVALUJATION FRTHE VO)RTE-X NOZZLE ,DF TH4E REF',IELING3 "WATEIR
STORAGE TANK

WFIF-LM T 1)-q 0 0
computed

c2heck ed

There are two major resultS of this calculation.

1) The vortex nozzle can withstand a longitudinal through-wall'
crack up to 48.9 inches and still meet the ASME safey margins.

2) The vortex nozz-le-to-pipe girth weld can withstand a through-
wall crack up to 70% of circumference and still meet the ASME
safety margins.

.zE-:3zL G 4ATER STOPAGE T.ANK 24 *:4CH ýIOZZIE_ WELD ;L-..- 7EVAL:'AT?:.'

WALL 7:-ICKNESS= 0 .3125

SEDING STRESS: 0. 000
.. :S RATO 1(3= 01241
ALL-WABLE STRESZ=18801 *000
FLNj 57RESSz56400.0000

0.00 0.10
ALLOWABLE A/T 1.0000 1.0000 1

SAFET7Y -AC-:DR=
SAFETY "ACOR

YCIPCUN
0 20 '0 30 0. 40
JOO20000 3C, .0C000

4 .01 0
4.0100

0 0 0 60 0 70J
10(O 20000 1 3000

90 0 -DO 0
ALLOWABLE A/' 0.3834 V 3756 0 9736

DO YOU WANT T0 :EF' .RM ANCTHER CASE'1 Y/S)

7 Zt , ......

onr:.Fý:GR

__ 3U ?0.

-aA L A, T: 0 oi;,I

ALL WSLE 2' 33~33 .~' .; 75



ENCLOSURE 4

NONDESTRUCTIVE EXAMINATION REPORTS AND
FABRICATION CHECKLISTS

Nondestructive Examination Reports

Liquid Penetrant test report
Units 1 and 2 - cone subassembly 14A

Liquid penetrant test report
Unit 1 - subassembly 8H long seam
Unit 1 - subassembly 14A to 811 circ. weld

Liquid penetrant test report
Unit 2 - subassembly 811 long seam
Unit 2 - subassembly 14A to 8H circ. weld

Vaccuum box test report
Units 1 and 2 - cone assembly 14A

Hydrostatic test report - unit 1
Hydrostatic test report - unit 2

Fabrication Checklists

Unit 1 - cone subassembly
- pipe subassembly
- vortex subassembly

Unit 2 - cone subassembly
- pipe subassembly
- vortex subassembly

14A-1
8H1-1
8B-1

14A-2
8H1-2
8B-2

2167

2771

2168

2165_

5 6039-34
5 6039-35

3115G
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CONTRACT &3

LIQUID PENETRANT TEST
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ASSEMBLY

ISUB-ASSEMBLY
TYPE OF MATERIAL S' CKNES'L PC MARK

SPECIFICATION e9/ 6TEST TEMPERATURE ____________

LENGTH OF TIME
PRE-TEST CLEANING AGENT ZT~•- -7~'O PENETRANT OF MATERIAL

PENETRANT: TYPE • t - S ~ 32 )~MANUFACTURER k ,
POST-PENETRANT (LEANING AGENT 6 - 'C67

DEVELOPER: sk rD r$ -'s1/ MANUFACTURER

POST-DEVELOPER (LEANING AGENT L.A• -$ 7'C-X 6

IF AM~ICABLE _ __-_ PtE-WHfT E~t2Lq ___ ___ ___ ___ _

mom____ LOCATION ____________ ACCEPT REJECT [VALUATION OF TEST

Tkm0 5b2___ _

T-0b', ~i~~c* _ __ _ , _ _

7- 1__ ___ .. jtv s. zn

7-5) C/ý _ _ _ _ _ _ _ _ _ _ _

2. "ow - 4 WA~
2. e~ e4N flfU

c. crami IV.

QUALITY ASSURANCE
---- nfl----- -

ro
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LIQUID PENETRANT TEST
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PENETRANT: TYPE -6MANUFACTURER 5at7d rC1'

-POST-PENETRANT (LEANING A GEINT SŽ- 196

D EYELO0PER: ,'D 4 ANUFACTURE 5WO 7 -eC/i

POST-DEYELOPER (LEANING AGENT
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QUALITY ASSURANCE
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I
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VACUU'U1 BOX TEST RECORD

1. G.A. INSPECTOR ' '

2. G.A., SUPERVISOR

DATE ZZK,1Z

DATE

DATE

I

~ITh1

REMARKS:
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ENCLOSURE 5

LIST OF COMMNITMENTS

TVA will add a paragraph in the Watts Bar Final Safety Analysis Report (FSAR)

Section 9.2.7 to document TVA's deviation from ASME Section III and to provide

justification for acceptance of this condition.




