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CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

WBP-ME- o6 Lo

Calculation No. Revision

(

Method of design verification (independent review) used (check method used):
1. Design Review

2. Alternate Calculation
3. Qualification Test

Justification (explain below):

Method 1: In the design review method, justify the technical adequacy of the
calculation and explain how the adequacy was verified (calculation is
similar to another, based on accepted handbook methods, appropriate A
sensitivity studies included for confidence, etc.).

Method 2: 1In 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.

(: Method 3: 1In the qualification test method, identify the QA documented
source(s) where testing adequately demonstrates the adequacy of this
calculation and explain. .
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WELD FLAW EVALUATION FOR THE VORTEX NOZZLE OF THE REFUELING WATER
STORAGE TANK

fJO

mpu
WRD-MTE-001 heTr

1.0 Purpeose

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_Assuy ions

This analvsis uflll es the procedures contained in ASME Section
¥I paragraph IWB-3440. Code Case N-438, and Apvendix C. All of
tne welds considered are SMAW joining 204 stainless ste2]l base
material using E303-16 filler. and therefore, it is assumed thar
a limit lcad analysics is approvriate since austenitic stainless
steel will plastically collapse befare the onset of stable
ductile tearing. hermal and bhendi rg str2sse2s ar=s cinsidered to
be zer> since concrete and grout will not allow pending of <he
stainless asteel

3.0_Scurce of Desizgn Input Informaticn

PUM Drawing D-10, Transmittal Number 20004, Contract Number
56033, P. O. Number 786K 70-8206123.

Le
p—

3.2 FPDM Calculaticn page 5.25. File Number 28437

3.3 ASME Code Case N-436.
3.4 FEXRI NP-4€30-SR. "Evaluaticn of Flaws in Austeni 3teel
Fiping”
& ARME Beoiler and Fressare Veszel Dode, Secciong X 1382 54
caragraph IWE 3640 and Appendix o
P05 ASME Boiler and Fressure Vaesel Tods, Sectnispn TI7 1338 Ba
Arzeendix I

[\
'
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WELD FLAW EVALUATION FOR THE VORTEX NOZZLE OF THE REFUELING WATER
STORAGE TANK

computed 5%7 date é ‘ ?

ABE-MTE-001 checked data

4.1 Nozzle Section Properties (Reference 3.1)

Radi (inches Wall Thickness (inches)
11 11/16 5/16

4.2 Mechanical Properties (Reference 3.6)

Sh = 18800 psi 0 = 35n = 56400 psi  for 304 S5
4.3 Applisd Stress (Reference 3.2)
head pressure = 20.3 psig., 35SE pressure increase = 138 psig

5.0 _Computation/Analyvsis

Critical Flaw 3ize ipn the Seam Welds

-

— 5,

-

The critical flaw size can be calculated using the equations of
Code Case N-436 and EFRI NP-4820-35F as follows.

M

(1 + (1.61/4Rt112]0.5

K m2an radius = 11 11/16 + 1/2 x 5/18 = 11.2344 inches

1 - 5 o e
ILaw L ilE L

- N - - . - & - - - < - = ' -
On = hoop strecs 07 = flow stress = 38n = 22 4 Asi
[ ou - -~ F - - < - +
2 3atz2ty facto
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WELD FLAW EVALGATION FOR THE VORTEX NOZZLE OF THE REFUELING WATER
STORAGE TANK

computed MY/ date é Y ?
Ck

heckad date

WEF-MTE-201

For Normal/lUpset Conditiong. SF = 2

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.

Ptotal = Phead + PoBe = 20.9 + 9.8 = 30.7 psig

On = PtotaiR/t = (30.7)(11.844)/(0.3125) = 1163.5 pei

12 = [(3x18.8/3x1.16835)2 - 17(4x11.844x(.3125/1.611 = 2391.7
1 = 48 .9 inches
For Emergency/Taulted Conditiopns, SF = @8
The total pressure is the sum of the hydrsstatic pressure and the
pressure increase due tc a seismic event (S5SSE)
Ptotal = Pnead + Fszeg = 20.9 + 19.8 = 40.5 psig

2

PtotaiR/t = (40.5)(11.844)/(0.31258) = 1535.0 psi

’—J
[N
it

[(3x18.8/1.5x1.535)2 - 11[4x11.844x2.3125/1.81]) = 5508.3
1 = 74.2 inches
5.2 Critical Kiaw Sizs j{n mne Girtn Weld
menll “hne gproorsdares of AGME Cecsiorn ¥ TWE-3n4dd and Code
Tazes and zZRI NE-4-250-32 the allowz? law depoh o wail
Tl ratic for dlfderent flaw lengths wers ozioulataed
Thesz 2g wWer2 2aillulizted using tne [ZM-FO ocomouter program
oo =rsion L0 d2velioped by Zoruntirsl ntesvity
A , INC The Inllowing options were ze.ec-ed tco periorm
+ is
‘e -
. |
. . - P e . - - |
> fption DL Toczz and Standaris Ivalaatizsn of the no- g

CRACK Main Menu. ‘ P
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WELD FLAW EVALUATION FOR THE VORTEX NOZZLE OF THE REFUELING WATER
STORAGE TANK

{

, computed date
ANBF-MT2-001 checked date
o . Opticn A, Allowable Flaw Size Evaluation of” the Codes
and Standards Evaluation Module.
o Option J, Circumferential Crack Using the Source

Kquations of the Allowable Flaw Evaluation Module.
The scurce equations in the pc-CRACK program are identical to
those contained in ASME Code Case N-436 and EPRI-4630-SR. The
relevant dimensions used in this computation are:

a = zcrack depth, 1 = crack length

Stresses and zafsty factors were calcoulated as fcllows.

The leongitudinal membrane stress was calculatad o be half of the
hcop stress (231.75 ps 1) -

Since the welds are SMAW., the inputs to the scurce =quaticns were
altered to account for the lcad multiplier, Z. Since the source
equation option of pc-CFACK dces not provide prompts for input of
Z, the safety factor was adjusted to produce results ir

accordance with IWB-3640.

.3

FS = 2.77 x 7 = 4.01, Z = 1.15801 + 0.013(GD - 41} = 1.448
Emergencv/Faylted

The afaty factor was calculated the same way as -the
Tic

jot
-
x:.U("J
.\
J I

~- P - - . - e =
L - - =1 o = = e paes = s = -

fe oz 1,32 «x 2 = .41 Longdinuadinia:n meEmirans ITrYsss o 7 2 pSi
™ - -1 = - . - - - - B - - 3 -

Th= th= zallzwar_.=e T.2W I20n0 T0 Wal. "nlcknsss raticos
S oo — - E U - - P

P & w lengrtn TLUZUumMISranle Yatlla o Ire I padgde i

wn
’
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AELD FLAW EVALUATION FOR THE VORTEX NQZZLE OF THE SEFIELING WATER
STORAGE TANK , '

comp
WEF-MTB-001 : chet

6.0 Results
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 noczzle-to-pipe girth weld can withstand a through-

wall crack up to 70% of circumference and still meet the ASME
csaf=ty margins.

FIFUELING WATER STORAGE TANK 24 INCH NOZILE WELD SLiw IVALTIATION

WALL THICKNESS: 0.2125

MEMERANE STRESS: - 581.75Q0 Y FACTOR:= 4.0133
ZENDING 3STRESS: 0.8%000 FACTCR:= 4.0100
STFESS RATIOC: F.1241

ALLUWABLE 3TRESZ:-18800.3000

TLUW 3TREZ3:564

L/CIRCUM
0.00 0.10 020 2.30 3.40 0 532 0 59 0.73
ALLCWABLZ 4/T 1.0000 1.3000 1.3000 !.3G00 1.0000 1.4000 1.500C 1.2069

.30 1.30 1 20
ALLOWABLE A/T 0.3824 0 .3756 0 9725

20 YOU WANT TC PERFURM ANGTHER CASETIY/N):

i i) ot i WAV Tz PR [
ALivWwaABLZ A, T credo G0N EDG00 TUaad Louluu LGOS L iINg Loy
3 Ru q 30 NESTY]
ALLCWABLE A/T ) 3833 0 2344 3738

[
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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 8H circ. weld
Liquid penetrant test report A

Unit 2 - subassembly 8H 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 14A-1
- pipe subassembly 8H-1

— vortex subassembly 8B-1

Unit 2 - cone subassembly 14A-2
. — pipe subassembly 8H-2

- vortex subassembly 8B-2

2167

2771

2168

2165

56039-34
56039-35

e rAmatzee
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LIQUID PENETRANT TEST

osuce 4 tuse 2

oF 13

111)y

Location: 6 AGs;\)

: . ASSEMBLY -
(ONIRAT 5/, 539 DWe. N0, 14 / SUB-ASSEMBLY /4 | Y- /YR2L |T 8
A _ BATL ' ® 3
TYPE OF MATERIAL 2ex) < S THICKNESS PCMARK.S oo be fnors
SPEARICATION  PT 0] R/ TEST TEMPERATURE 95 °
4 r -—
LENGTH OF TIME ,
PRE-TEST CLEAKING AGENT SAC-</57 /29 PENETRANT OF RATERIAL 5 )
PENETRANT: TWPE S A( - HE. Sk( - s/énns2 MAKUFACTURER WQM e |—i
POST-PENETRANT CLEANING A6ENT = AL -</< T12.9 -
{ .
DEVELOPE: <t &-S/ b/ 0/9 MANUFACTURER W
7 )
POST-DEVELOPER CLEANING AGENT Sk r-< /g TIL8
IF APPLICABLE et [ rostwmr [
w2 LOCATION Coeines | ACCEPT | RUECT EYALOATION OF TEST
143, spliciE 209 v ' )
oz
EERARTS.

FILMED FROM BEST.

A —
YAHASHECOPY—

1. 04 IRSPECTO
1. 02 SIrOmLe

s o skl
"ow_i" — aSd L

e P T, o
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L SN . |
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m“a Term 11999
| LIQUID PENETRANT TEST Location: 2)7/(0 »
ASSEMBLY Tl .
CONTRAT S & 039 owWG. K. F SUB-ASSEMBLY g 5-/ S3
TYPE OF WATERIAL 70 /'3 S Tioess 56 PCMMK S Sedbeer” | |
SPECIFICATION F7=0/ / o TEST TEMPERATURE 500 ¢
LENGTH OF TIME . 2
PRE-TEST CLEANING AGENT SLC-S / 79C0T6 PENETRANT OF WATERIAL <5 77,/ N
PENETRANT: TYPE S £/ -S / 6 BosS Z MANUFACTURER é,cw’/ Qlucl e
POST-PENETRANT CLEANING AGENT S £7-S / LA -
opveLoeer. S K DS / S 3E MANUFACTURER §1qe-7/ C/ac,é
POST-DEVELOPER CLEAMING AGENT ) KC-S / 77(’/07 <

IF APPLICABLE nowt /9 rostont [ /7

— LOCATION TS | accert | RuECT * EYALUATION OF TEST

IDOMINATION

3k SN | Fu/l seom X
8 A Tol{4 nsivg Soam J
A 1o YAl outside S+ Xr. % C’/H@t 27299
L1 /9 \odt o Soar X
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LIQUID PENETRANT TEST

Location: ﬁ;/,{%{/ﬁ

Z & uday

ASSEMBLY
(ONTRACT 55, ©.7 O OWG. NO. SUB-ASSEMBLY  F7/3 — 2. >
7 MAT'L e
TYPE OF MATERIAL  F04/- S S THICKNESS FCHRRK_See polow
SPEQRICATION P 720 ) Lot/ O TEST TEMPERATURE & 49
.. LENGTH OF TIME ] -
PRE-TEST (LEANING AGENT-S 472 =S/ 40 30 PENETRANT OF MATERIAL S opt ¢
T .
PEHETRANT: TYPE 5///—6/{50 572 | MANUFACTURER 520 7 C fe c i o
POST-PENETRANT CLEANING AGENT 5%’4—5/7/‘930 L
DEYELOPER: . S 4rD S /4/,4/,9 > BANUFACTURRY 720 7 O tec A
POST-DEVELOPER CLEANING AGENT (S 4~ _ S/ T4 07D
IF APPLICABLE newt O /o rostt [ /0
el LOCATION e | ACCEPT | rEEQT _ EYALUATION OF TEST
A0 -
VR Th | Sseant 78> *
b %A | 709 A
e ZmBeh| J X
o FERAITS:
ﬁ:‘%_z
e cpaa£D FROM BEYT
& AYAILABLE COF
e
2 )

QUAULITY ASSURANCE
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VACUUM BOX TEST RECORD

. Euvctosuee 4 FasE S 0£ 13
290

CONTRACT \5'603'9

DWG. NO.

/z/ SUB ASSEMBLY/ASSEMBLY /"//7"/%2

" |CUSTOMER
SPECIFICATION:

sggceouns yE—&//O PCMARKS /‘//’éi

EAK DETECTION
soLuTIon: 1, Leat Ten

- 277

TIME PRESSURE

HELD: 20 s<e

INSPECTION
RATE 3 FT.

VACUUM

MIN. PRESSURE:

L
T e Jormon e

/74

SEAM

NUMBER LOCATION

ACCEPT

REJECT TEST RESULTS

our SIPE FAcCE
/9 a TD[‘:‘Q ol F'IMngvasb

X

(ZREQD)

(4seams)

WMED FROM BEST

ll
AVAILABLE COPY

REMARKS:

e
e
ty
3
£
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TF,
A
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Ay
A
Vel
3.
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3
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e
vt
7
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et
fe
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o
£
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1. Q.A. INSPECTOR

2. Q.A, SUPERVISOR
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DnTTSBumGH@F" MDINES STEEL CO@EaiNnyY

/drostatlc Testing Procedure, CHT-1
W ontract 56039 - |REV, 0 DATE 3-7-77

TAHK No. . _S5¢039-3¢ w7 ‘ N
PERSONNEL C,%é,,dé\_ : : | i
CONDUCTING TEST M : QA Marnger z
_T}F//Z MA’/’(:")/ /‘0-/”] Fovemans
| ’ . / ot . . ~ . 2
- | waTER TesT LevEls— 2 ?’ / Tile HeLo _S2/2°7 |
| - 3 Tine Hewn S -7 .

ta

TEST'RESULTS:  ACCEPTABLE B/UNACCEPTABLE []
REMARKS:

LIST LEAK CHECKING PERFORMED
(STATE SEAMS CHECKED AND SIGNATURE OF PERSONNEL PERFORMING LEAK CHECK)

Al Vextical nwo (AR rzennl .$."p/\m pPlvs /o/wr»‘:o»)y/ C.‘g,;»/e&
'b.;'u?‘l"lis 1;4'15’/0.:,#99"/3/ ,ﬂ,ﬂ/y),[/\/g/pu(o)//T[/A /l//.ec'_A,'__. gﬂ/s
+ [Sme Cole- //(/S/oCA,f ' ' )

: TEST ACCEPT_ED BY
Y4 x/é/:jé\ | | S/ 78

POM msr’ CTOR DATE
4’//1/(( M/ ﬁﬂ‘//[l/ 5}/,/75’

( ﬂy/ @JSTOMER REPRESENTATIVE : ‘ /) vATE o

| And el e sl2S

AUTHORIZEC INSPECTOR . DATE

RGNS S S

. . . KA/L’A&SA/Z& 4 sE_bo Y /

—— - ——— — s - ———
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., ' ENCLOSURE 5

LIST OF COMMITMENTS

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.
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