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drop-weight tests., The weld seams and plates used in the construction of the
Waterford Unit 3 reactor vessel outlet nozzle regions are identified in Table
o

The fracture properties of the outlet nozzle to vesse! weld region were taken
from the ASME Code Section X! Appendix A. The reference toughness curves are
adjusted for the value of RTNDT of the material. Table 2-5 contains the
values for the nozzle forgings and upper shell material, taken from the Final
Safety Analysis Report [9). Test results were unavailable for the nozzle to
shell weld material, but it was made with Linde 0091 weld material. A range
of tests of over 80 combinations of weld wire and Linde 0091 flux, as
summarized in table 6-4 of reference 4, shows the highest RTNDT value to be
-10°F, This information, along with the guidelines provided in Regulatory
Guide 1.99 Revision 2 [10] leads to the conclusion that RTNDT of the weld
metal will be no higher than 0°F,

2.4 IRRADIATION EFFECTS

The level of irradiation damage at the outlet nozzle to shel) weld of the
Walerford Unit 3 reactor vessel is at least three orders of magnitude lower
than at the core midplane. The end of 1ife fluence for the vessel inner
surface was calculated based on operation ut rated power for 32 EFPY and
assuming that exposure for all cycles is the same. The end of 1ife fast
neutron fluence at the vesse! inner surface of the core midplane is 3,31 E1S
N/SQCM based on this calculation [3]. Reducing this fluence appropriately for
the cutlet nozzle centerline (199.25 inches above the core midplane) the
applicable fluence is at least three orders of magnitude lower. The
indications closest to the core were designated 1BR, at 31.8 Cegrees from the
top of the nozzle, and 2CC at 300.9 degrees from the nozzle top. These
locations are approximately 15 inches above the centerline of the nozzle ard
this additional height results in a further reduction in fluence by nearly a
factor of 10.

The fluences quoted above have been taken directly from figure 8 of reference
[11), which is reproduced here as figure 2-1. The actual distance from the

K 0t i0M 'O 2.12
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TABLE 2-2. LTOP EVENT TREE FOR BEST ESTIMATE CALCULATION

opC TMP OPS WSO  ALR OPA

LR AR R R R R SR SRR R R R R R R RN R R R F R R

1 . 0 * AR RS RS SRR R R R R R R R R R R Y
EEERRAARE * 7.26-04
* LA AR R R RS RN R RS R SR R R
*0.90 *
ERERERAE 0,90 *rexsx
* rrerraax 1 )
* o . 20 * LE RS 8 8
* AR A RN
. * * 0 2 01 LR S B
EEERAEESE shaERRRE | ()
.
3, 7E-05* R E

*0.80

AR AR R R RS R R R R R R R RS

CATEGORY DESCRIPTION

0K OVERPRESSURE EVENT IS MITIGATED

OVPRES OVERPRESSURE SPIKE OCCURS

CATEGORY

oK

OVPRES

0K

OVPRES

OVPRES

TOTAL FREQUENCY OF SIGNIFICANT QVERPRESSURE EVENT IS

3.4E-05 / CALENDAR YEAR

W08 1008 10 2.17

FREQUENCY

6.6E-06

6.7E-08

2.7E-0%



TABLE 2-3., LTOP EVENT TREE FOR CONSERVATIVE CALCULATION

OPC  TMP  OPS WSO ALR  OPA CATEGORY  FREQUENCY

EEERAR AR AR AR AR R ARy 1 0“

*

2.0 * EARRER AR RAAR AR ARk z OK
EEREERER * 7.26-04
* R R s R R R R R S 3 OK
* 0.90 *
EEERRE AN 0.99 LR R RS ‘ OK
* ERHER RS 1.0
. 0.20 * swaaxt 5 QVPRES  1.3E-05
* AEEEEEER
* * * 0.01 EEER AN 6 OK
LRSS Y EREEEEEN 1.0
3.7E-05% wewwws ] QVPRES  1,3£-07
* 0.80

LA R AR S R R SRR R R R B0 8 OVPRES s.si-os

CATEGORY DESCRIPTION

OK OVERPRESSURE EVENT IS MITIGATED

OVPRES OVERPRESSURE SPIXZ OCCURS

TOTAL FREQUENCY OF SIGNIFICANT OVERPRESSURE EVENT 1S

6.6E-05 / CALENDAR YEAR
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EVENT

OTHER CATEGORIZATION SCHEMES

FREQUENCY PLANT NRC ANS
RANGE CONDITIONS RG 1 .44 RG 1.70 51.1 52.1 53.1
Wor reactoryear) | CATEGORIES| 19 CFR__|ASME Code®|  Rev. 2 (N182) | (N212) (N213)
. Plant
Plaroed Condition Normal
o " Pr-a Normal Normal Normal 1 PPC (kl12“‘.
10 Anticipated Frequency 1] Plant
[ ——— Operational C UEE e mammtacecsam Frequent Condition
Occurrences Infrequent Condition PPC B
e R i Sttt 1 Incidents m | mmm—————-
—t L 1 | e Infrequent Plant
Emergency PPC Condition
----- ¥
103 ke % 0 000 O OF 0000 FoaScnio gt Aa e Tl e R
Limiting Condition
— Accidents Faults v
Limiting Plant
D
104
Not
Consider.d
“This terminciogy hee boen sliminated from 1977 version of the ASME Code.
TABLE 2-4
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TABLE 2-5
MATERIAL PROPERTIES OF REACTOR VESSEL OUTLET NOZZLE TO SHELL WELD REGION
WATERFORD UNIT 3

Drop Wt.

NDTT RTNpT
Location Material Type (°F) (initial)
Upper Shell
M1002-1 plate -40°F -8°F
M1002-2 plate -2 -20
M1002-3 plate -40 -40
Nozzle-to-Shell weld*
01-021 N/A 0°F
01-024 N/A 0°F
Outlet Nozzles
M1011-2 forging =20 -20
M1011-1 forging 0 0

*Note: all weld: made with Linde 0091 flux,

302947051888 10 2-20
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Waterford Unit No. 3 Reactor Vessel

30200/081888 10 2-22



§.0E004 ié T v % 4 ”

40604 9

b Nl

1.06004 | ]

WOOP STRESS (PS1)

c.0 o.5 1.0

I —

S0 L 07 A 0l A 0
! ; i
J

Figure 2-3

30240/081088 10

Steess Intensd, Facter Ki, huG A

M M i i
i BEb) S BT 0 if 141 i | i
S A A o S o o | '
| I i “', Hil {1 i k:
i i )
W G R tf 11 i Vr'-
I HEl I
.‘3'4' i ’1 L TE
! { 1 J
I |
| |
-
|
|

TIFTT

i 10 i i
A 1 O
LU th i AR RS § 4115 L
AN T T T AR THHELEREL: DSTORRIN T (0 R SOOT RO TS N A, A 0
0 0t o A A
AR 1,, . ,;.:i' & i i 1]1.,;\‘ e v,l.,!i“.‘g“ v" |
e A
Flaw hall degh, o inches

Stress distribution and Stress Intensity Factor Results for the

Governing Normal, Upset, and Test Condition, the Primary Side
Hydrotest at 3105 psi

2-23



4026 | g

3220 1

2415

1610 }

80%

0.0

Steam) ine Break Umbrella

MOOP STRESS (PS1)

0.0 Lo <
DISTACE (2/T)
Y AT NN R LA O T i
L " ! ¥ i 1H
it LR SO A o i T
i “. ..‘.p.‘l' IR i i:l,‘1
M e e R i
ht bl 51O 0 L \ H
AN h i Ii 1
0L R 8 L0 R il | il Y
LA ‘
RRE R i ]
THH i
\j‘
jfi
it
i !
i \ d
Hi! i |
i ‘C‘ i ] )
‘1 1t i+ t i i ¥ iy
B OIE TS L 0 LA . I
o o A i f
il 4 R O I
i
= g .|_|.l:~‘T‘
RN GO SRR GBELL 110 VLSOO G GRS R G
i [FT BREE L e L R YT i |
1 A 0 g
ary i 0
;i‘\ “u IP“ .?‘l '1 | 4"’\ i A

Flaw Halé NK‘ A, wda

P= 2500 ps. (SLB)

P2 110¢ pie (WTOP)

Figure 2-4 Stress Distribution and Stress Intensity Factor Results for the

Governing Emergency and Faulted Conditions (steamline break
umbrella at 2500 psi) and the LTOP Evant

W029e/08) 0688 10

2-24



SeL i ' R
TIGUE CRACr -OWTH

In applying code acceptance criteria introduced in section 1 of this
report, the final flaw size a¢ is de .ned 4y the flaw size to which the
detecied flaw is calculated to grow at the end of the specified service
period. In the handbook charts, ten-, twenty-, and thirty-year service
periods are assumed,

These crack growth calculations have been carried out for the reactor vessel
outlet nozzle to shell weld region of the Waterford Unit 3 reactor vessel, for
which evaluation charts have been constructed. The crack growth calculations
reported here are rather extensive, because a range of flaw shapes have been
considered, to encompass the rarge of flaw shapes which could be encountared
in service. This section wili examine the calculations, and provide the
methodology used as well as the assumptions,

3.1 ANALYSIS METHODOLOGY

The fatigue crack growth analysis procedure involves postulating an initial
flaw at a specific region and predicting the growth of that flaw due to an
imposed series of loading transients. The input required for a fatigue crack
growth analysis is basically the information necessary to calculate the
parameter AKI which depends on crack and structure geometry and the range

of applied stresses in the area where the crack exists. Once AKI is
caiculated, the growth due to that particular stress cycle can be calculated
by equations given in section 3.3 and figure 3-1. This increment of growth is
then added to the original crack size, and the analysis proceeds to the next
transient. The procedure is continued in this manner unti) all the transients
known co occur in the period of evaluation have been analyzed.

The transients considered in the analysis are all the design transients as

shown in section 2, table 2-1. These transients are spread equally over the
design lifetime of the vessel, with the exception that the preoperational

J0294/0510888 10 3-1
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TABLE 3-1
FATIGUE CRACK GROWTH RESULTS - WATERFORD UNIT 3
REACTOR VESSEL OUTLET NOZZLE TO SHELL REGION -
EMBEDDED FLAWS NEAR OUTSIDE SURFACE

6 =T/16
INITIAL CRACK DEPTH AFTER YEAR
DEPTH 10 20 30 40
0.40 0.40050 0.40096 0.40141 0.40186
0.45 0.45062 0.45117 0.45172 0.45228
0.48 0.48069 0.48131 0.48192 0.48255
6 = 31/32 = 1.028
INITIAL CRACK DEPTH AFTER YEAR
DEPTH : 10 20 30 40
0.600 0.60124 0.60235 0.60345 0.60457
0.700 0.70160 0.70303 0.70446 0.70590
0.720 0.72167 0.72317 0.72467 0.72618
6 =T1/8 = 1,344
INITIAL CRACK DEPTH AFTER YEAR
DEPTH i0 20 30 40
800 0.80243 0.80459 0.80675 0.80893
900 0.90293 0.90554 0.90815 0.91079
950 0.95319 0.95603 0.95888 0.96175
960 0.96324 0.96613 0.96902 0.97195
6 = 3T/16 = 2.016
INITIAL CRACK DEPTH AFTER YEAR
DEPTH 10 20 30 40
1.00 1.00501 1.00941 1.01382 1.01828
1,10 1,10582 1.11094 1,11607 1.12126
1.20 1.20666 1.21252 1.21839 1.22434
1.30 1.30751 1.31413 1,32077 1.32749
1.40 1,50925 1.51742 1.52561 1.53390
6§ =T/4 = 2,688
INITIAL CRACK DEPTH AFTER YEAR
DEPTH 10 20 30 40
1.00 1.00696 1.01292 1.01891 1.02499
1,10 1.10811 1.11508 1.12208 1.12919
1.20 1.20931 1.21732 1.22537 1,23355
1.30 1,31054 1.31962 1.32876 1.33804
1.50 1.51307 1.52438 1.53576 1.54732

029:/081088 10 3-‘
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Therefore, the 1imit for a flaw to be considered embedded is e 0.714 &,

A flaw lying within the embedded flaw domain is to be evaluated by the
embedded flaw evaluation charts generated in this section. On the other hand,
a flaw lying beyond this domain should be evaluated as a surface flaw. The
demarcation line between the two domains is shown graphically in figure 4-3.

4.3 CODE CRITERIA

As mentioned in section 1, the criteria used in most of the cases for embedded
flaws are of IWB-3612 of Code Section XI. Namely,

K
KI < jl%oFor normal conditions (upset & test conditions inclusive) (4-4)

K
K1 < :lé For faulted conditions (emergency conditions inclusive) (4-5)

where

KI = The maximum applied stress intensity factor for the flaw
size ag to which a detected flaw will grow, during the
period of evaluation, which must be at least until the next
inspection,

KIa = Fracture toughness based on crack arrest for the
corresponding crack tip temperature.

KIc = Fracture toughness based on fracture initiation for the

corresponding crack tip temperature.

The above two criteria must both be met. In this handbook only the most
limiting results have been used as the basis of the flaw evaluation charts.

30204051688 10 4-2



4.4 BASIC DATA

In view of the criteria based on stress intensity factor, three basic groups
of data are needed for construction of embedded flaw evaluation charts. They
are: ag, driving force (KI)' and fracture toughness (Kla and ch).

ch and Kla are the initiation and arrest fracture toughness
(respectively) of the vessel material at which the flaw is located. They can
be calculated by formulas:

KIc = 33,2 + 2.806 exp. [0.02(T-RTNDT + 100°F)] (4-6)
and
KIa = 26.8 + 1.233 exp. [0.0145(T-RTNDT + 160°F)) (4-7)

KI is the maximum stress intencity factor for the embedded flaw of
interest. The methods used for determining the stress intensity factors for
embedded flaws have been referenced in section 2.

Notice that both KIc and Kla are a function of crack tip temperature T,
and the material property of RTNDT at the tip of the flaw as discussed in
section 2. The upper shelf fracture toughness of the vessel steel is assumed

to be 200 ksiv in.

KI used in the determination of the flaw evaluation charts is the maximum
stress intensity factor of the embedded flaw under evaluation., It is
important to note that the flaw size used for the calculation of KI is not

the flaw size detected by inservice inspection. Instead, it is the calculated
flaw size which is projected to grow from the flaw size detacted by inservice
inspection after a speci”ied period. That means that the embedded flaw size
used for the calculation of KI had to be determined by using fatigue crack
growth results, as will be illustrated in this section.

20290/081088 10 4-3



4.5 FATIGUE CRACK GROWTH FOR EMBEDDED FLAWS

The environment of an embedded flaw is considered to be inert, or air. The
crack growth rate for air environment is far smaller than that of the water
environment, to which the surface flaw is conservatively considered to be
exposed. Consequently, the fatigue crack growth for an embedded flaw is far
smaller than that of an inside suvrface flaw (of the same size and under the
same transient conditions). Numerically, the fatigue crack growth of an
embedded flaw is so low that the difference between the initial flaw depth and
its final crack depth is negligible, as demonstrated in table 3-2 for the
nozzle to shell weld region.

4.6 TYPICAL EMBEDDED FLAW EVALUATION CHART

The details of the procedures for the construction of an embedded flaw
evaluation chart are provided in the next section.

In this section, instructions for using an embedded flaw chart are provided by
going through a typical chart, step by step. The example used here is for
embedded flaws near the outside surface. This would help the users to become
familiar with the characteristics of each part of the chart, and make it
easier to apply. This example utilizes the surface/embedded flaw demarcation
criteria of the code, as discussed earlier.

Following are the highlights of auxiliary curves used to construct the
embedded flaw evaluation chart for the reactor vessel nozzle to shell weld
region.

1. The abscissa of the chart in figures 4-4, 4-5, and 4-6 represents the
flaw depth a, of the embedded flaw.

2. As defined by code requirements, embedded flaws with a depth less than
g, * 0.714 & should be considered as embedded flaws. Any embedded
flaws beyond the domain of %, * 0.714 &, should be evaluated as a
surface flaw,

30299081888 10 4-4



3. A key parameter for evaluating an embedded flaw is &, the distance
between the centerline of the embedded flaw and the nearest surface of
the wall,

A range of 5 betwsen %st and %t has been considered in
constructing figures 4-4, 4-5, and 4-6.

4. For each specific value of &, such as ét. %Bt. %t. etc., a family of
curves were plotted for a range of a/t values ranging from .333 to .100.
For any specific flaw depth a at the abscissa, a corresponding value
KI at the ordinate can be found in figures 4-4 through 4-6, for any
distance to the surface, 6.

5. The range of a/t values from 0.333 to 0.10 was chosen to encompass
the range of flaws that might be detected. For the nozzle to shell
weld region, fracture results are independent of the aspect ratio, as
will be discussed further below.

6. In developing this specific chart, the code acceptanc: limit line of
Kla/v/IO as a function of flaw aepth is shown in figures 4-4 through 4-6,

7. The intersection of the KI curve with the code acceptance limit line
is the maximum flaw size acceptable by code for the specific curve, in

accordance with the K; < KIQ/-’IO from INB-3612.

8. In view of figures 4-4 through 4-6, it is seen that none of the curves
intersect with the code acceptance 1imit line. That means that, up to a
distance of § = % t (= 2.688"), all embedded flaws are acceptable by the
code criteria so long as their depth is within the domain of s * 0.714 &,

and their centerline falls within the outside half of the vessel.
9. The maximum acceptable flaw size can be found from the chart by

determining the abscissa of the intersection points. Namely, for
6 = 0.25 t,

30290051688 10 ‘.5



Maximum Acceptable

a/s Flaw Depth a*(in.)
.100 1.34
167 1.34 (= a, = 1.34)
.333 1.34

10. The maximum acceptable embedded flaw size for & = %t has been
depicted in figure 4-3. This simple flaw evaluation chart, described
in the following paragraph, is the type to be used for evaluation.

This embedded flaw evaluation chart, constructed for indications near the
outside surface of the nozzle to shell region of the reactor vessel, is
presented in figure 4-3.

4.7 PROCEDURE FOR THE CONSTRUCTION OF EMBEDDED FLAW EVALUATION CHARTS

This section shows how an embedded flaw evaluation chart was constructed for
indications near the outer surface of the reactor vessel nozzle to shell weld
region during the governing transient which is the hydrostatic test.

Step 1

Calculate KI values for embedded flaws of various size near the outside
surface, various aspect ratios, and at various distances underneath the
surface. In total, 138 cases were analyzed by closed form stress intensity
factor expressions. These 138 cases are listed in table 4-1,

Step 2

The KI results of the 138 cases were plotted in figures 4-4 through 4-6.

*  Maximum Acceptable Flaw Depth a is set at ét. based on engineering
Judgement, to 1imit the allowable through-wall penetration to 25 percent
of the wall thickness.

30294051888 10 ‘_6



Step 3

Determine the allowable flaw size, from a /10 or K; < Kla/v/lo criteria as
determined by figures 4-4 through 4-6. Similar results could be obtained for
the emergency/faulted c.nditions, but it can be seen from the surface flaw
evaluation that they will not be governing so they have not been included here.

4.8 COMPARISON OF EMBEDDED FLAW CHARTS WITH ACCEPTANCE STANDARDS OF IWB-3500

The handbook charts for embedded flaws do not show the acceptance standards of
Section XI, explicitly. Therefore, it is not clear from the charts themselves
how much is gained from the analysis process over the standards tables
contained in IWB-3500. Such a comparison cannot be made directly on the
embedded flaw handbook charts, because the charts are applicable for a full
range of sizes, shapes and locations. The purpose of this section is to
provide such comparisons, and to discuss the results of those comparisons.

The handbook chart values have been compared with the acceptance standards
tables in figure 4-7. In this figure the values from table IWB-3510-1 have
been plotted as the base curve, and the limit curve for embedded flaws
justified by analysis is shown as the other line. It can be seen that the
range of embedded flaw shapes and depths justifiable by analysis is related to
the flaw location within the wall, The deeper the indication, the more
benefit is obtained from the analysis.

30294/0% 1888 10 4_7



A.R. 3:1

A.R. 6:1

TABLE 4-1
EMBEDDED FLAW CASES ANALYZED FCR THE REACTOR VESSEL NOZZLE TO SHELL WELD REGION
EMBEDDED FLAW DEPTH (IN.) - T = 10.75 in.

A.R. 10:1

DISTANCE OF FLAW
TO SURFACE

(6 in.)

1/16

0.67188

L

§

o0 -
oN = ~

cooco

288R

ccocos

5§ = 1.00781

31/32

4-9

§ = 1.34375

1/8

Q om
< N -

OO

0011

oSCooOm
- O N

S S

RBET

« o o»
OO rd e

o om
- N -

SO

0011

§ = 2.01563

31/16

S8883

00111

8898

00....“11..

S8R85

0111

R2898

00111

S8R325

00111

S28%8

0011..1

§ = 2.6875

1/4



Component
System Must be
Transients Repaied,

Expected Replaced, or
After Flaw Drscovery Retired

! No
¥ ‘dlhm

Acceptabie
Crack Y -
Flaw 1o End-of-L e es S tor Continued
————— (3 O . - > 10
Be Fvaluated L’“ wth 7 Flaw Sire b - Osy Operation Until
alysis \ ™
(ag) a ; lVMg (ay) Next Inspeclion

nitiation and
Arrast Smallest
Critical Flaw
Size lor
Accident (a)

K K
Initiation ic: Mla
Kia Curve — Smallest Curve

Fracture Critical Flaw Fracture
Mechamics b Suze for (ll,-'J Mechanics
Severest Analysis Normal. Upset N Seveross A"&“'\":‘" Conditions
; Normal LEFM) Tesi Conditions Accident L . ) nitilation
Transient Condition Mnl.Amrﬂ Without Asrest
Withun 75% of
Wall Thicknars

Enhanced Nondestruclive Examination

Figure 4-1 Schematic representation of Appendix A flaw evaluation process

W2= 051788 10




.
N NB5-A-24373- 14
L
\
SURF ACE —————— \
\
\
\
/
/ /
EMBEDDED /
FLAW
DOMA IN /
a = ap
7
/| a, = THE MAXIMUM Eree:ooeo FLAW S1ZE
/ IN DEPTH DIRECTION) ALLOWABLE
P R ASME xIe
e S, = THE comsspomx NIMUM DEPTH
OF A Ereeooeo LA LESS mm
VHICHI MUST BE
SURFACE FLAW)
Se Qe
FOR ALL -
EMBEDDED
FLAWS :
a £ ap e § ——e *NOTES: IF a > a,, THE FLAW MUST BE

CHARACTERIZED AS A SURFACE
FLAW, WITH DEPTH = a + 8.

[ao = 0.7:48 FOR THE 1980 EDITION OF THE ASME CODE AND LATER EDITIONS]

Figure 4-2 Embedded vs. Surface Flaw

30294081288 10 4-11



SURFACE/EMBEDDED
FLAW DEMARCATION

e 10 yrs.

013 R - —r——g—— —
a0 1 | L eMBEODED FLAW I Lol ol o 12 .
- ~ CONFIGURATION 2o o FLAWS WITH
. 4 e lg- ‘4 Ladl RS Sants e it
ST AR ABOVE THIS LINE ARE
s G W BT o < = \ OT ALLOWABLE

012

on

“] \ 20 yrs,

0.10 sttt o

0.09 Femrd—— R p S \— 30 yrs.

e o

=
t

0.08

007 3 il

Dt B4
e PR SR PR

- FLAWS

HALF WIDTH OF FLAW (

.......

0.02 = £S LONG AS 270‘,0_25

0.01 k-

0.06 F LeGion MusT 8t Fr— -
.- CONSIDERED : !
- SURFACE g5 H
0.08 FrAWS . o
oos Bt T T ALLEMBEDDED FLAWS
T (ON THIS SIDE OF
I gm wny S DEMARKATION LINE)
0.03 =t 4t ARE ACCEPTABLE PER
Hi 1 1.1 CRITERIA OF IWB 3600

0 B8 0 I P B Sk O e L it : i © Westinghouse 1987
0 0.05 0.10 015 0.20 0.25

DISTANCE FROM SURFACE (2)

Figure 4-3 Cmbedded Flaw Evaluation Chart for Circumferential and
Longitudinal Indications in the Reactor Vessel Nozzle to
Shell Weld Region

30294/08 1 288 10 4-12



ET-v

o o L T A PR
| 0 A r'iiﬂ“ i
| | i ! it

Stress latensdy Factee Kz, ksl

Flaw Wb dept | & | mches

Figure 4-4 Stress Intensity Factor Plots for a/t = 0.333 Used in Construction of Embedded
Flaw Charts, Near the Outside Surface







Sl-v

aagw | m

wmwwmm e AR
paEREEaal umwt‘,..nm TR

il i

« [ it T T i m nu O W A

i l‘npwmmu | i o :Im

1 s i i i
ST e Ty q
FM M k"‘\ a, o S

| nﬂ' b i
. LI i

Figure 4-6 Stress Intensity Factor Plots for a/t = 0.10 Used in Construction of
Flaw Evaluation Charts, Near the Outside Surface



—
-
- *
<
~—
=
—
(=S
(o)
o
x
<
o
h .

Yel=0.5

—

| e ACCEPTANCE STANDARDS OF TABLES
T INE 3570 AND IWB 3577 (T9BU EATYTON]
= STANDARDS PRIOR-TO- 1980 £D1 TION

3

FLAW SHAPE (a/l)

B

r cmoeddad rlaws,




SECTION 5
FLAW EVALUATION CHARTS-NOZZLE TO SHELL WELD REGION

5.1 EVALUATION PROCEDURE

The evaluation procedures contained in ASME Section XI are clearly specified
in paragraph IWB-3600. Use of the evaluation charts herein follows these
procedures directly, but the steps are greatly simplified.

Once the indication is discovered, it must be characterized as to its loca-
tion, length (t) and depth dimension (a for surface flaws, 2a for embedded
flaws), including its distance from the surface (S) for embedded indications.
This characterization is discussed in further detail in paragraph IWA-3000 of
Section XI.

The following parameters must be calculated from the above dimensions to use
the charts (see figure 1-2):

0 Flaw Shape parameter,

|

0 Flaw depth parameter,

Las 1]

0 Surface proximity parameter (for embedded flaws only), %

t = wall thickness of region where indication is located (10.75 in.)

L = length of indication

2 = depth of surface flaw; or half depth of embedded flaw in the
width direction

) = distance from flaw centerline to surface (for embedded flaws
only) (6 = s + a)
s : smallest distance fron edge of embedded flaw to surface
$-1
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2a = 0.697"

S = 0.824"

§ = S+ac=0,84+1/2(0.697) =1,172"
t = 10.75"

L = 5,0

and,

a = 1/2 x 0.697"
0,348"

Uging figure 5-3:

$ . 238 = o0.02
}oe MR = 0.09

Since tho plotted point (X) is below the diagonal demarcation line, the flaw
must be considered emiedoed, Since it is below the a/* = ,125 limit line, the
jnuication is acceptable.
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APPENDIX A

EVALUATION OF ULTRASONIC EXAMINATION
INDICATIONS FOUND IN THE OUTLET NOZZLE
TO SHELL wELD 71-021
SPRINE, 198



A-1.0 SUMMARY

During the Spring 1988 inservice ultrasonic examination of the Waterford Unit
3 rea~tor vessel outlet nozzle to shell weld number 01-021 three recordable
indications were noted. Two of these were detected with a 0 degree, 2.25 MHz
lengitudinal wave examination from the nozzle bore, and the remaining one was
detected with a 20 degree, 2.25 MHz longitudinal wave examination from the
nozzle bore. These indications are clearly located within the weld at or near
the weld/nozzle forging fusion line. An evaluation of these indicetions
(using 50% DAC sizing criteria) to the acceptance standards in tai's
[WB-3512-1 of the ASME Code Section XI, 1980 Edition through the 1981 Winter
Addenda results in the two 0 degree longitudinal wave indications being
acceptable. The 20 degree longitudinal wave indication exceeds the allowable
limits of table IWB-3512-1,

In an effort to further characterize these indications, especially the 20
degree longitudinal wave indication, supplemental examinations were performed
using the Dynacon Ultrasonic Data Recording and Processing System (UDRPS) with
the standard inservice inspection transducers., With UDRPS these indications
appeared to be rounded, volumetric-type reflectors most probably deposited
during the fabrication welding process. An evaluation of these indications
(using & db drop sizing rather than 50% DAC sizing) to the acceptance
standards in table IWB-3512-1 of the ASME Section XI, 1980 Edition through the
1981 Winter Addenda results in al) three indications exceeding the allowable
limits.

Using the fracture analysis rules of IWB-3600 and the guidelines of Appendix A
both from the ASME Code Section XI, 1980 Edition through the 1981 Winter
Addenda, all the indications are acceptable using the 50% DAC sizing levels
with the conventional inservice examination and the 6 dB drop sizing levels
with the UDRPS examinations,

Wb -081088 10 1
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A-6.0 SUPPLEMENTAL EXAMINATIONS WITH UDRPS

In order tc obtain better information regarding the nature and size of the
ultrasonic indication which exceeded the ASME Code Section XI table IWB-3512-1
using conventional ultrasonic examination data (indication 1A), it was decided
to utilize the Dynacon Ultrasonic Data Recording and Processing System (UDRPS)
with the conventional inservice inspection transducers. Fur information
purposes it was also decided to utilize the UDRPS system on the two acceptable
indications as identifiad on table A.l (indications 1BB and 2CC). The UDRPS
system is a known automated data recording and processing system which has the
capability of recording, storing, processing and imagirg ultrasonic test

data. It allows for more extensive recording of data, better visualization of
examination data through the use of color-coded images, more flexible
manipulation of data, more consistent examination quality and archival
retrieval of past examinatiuns for comparison purposes.

The best use of the UDRPS data is the ability to observe secondary responses
and their relationship to the primary signals from the indications. This aids
in the characterization of the reflectors as well as potentially providing
more accurate sizing information,

Characterization is defined as "the determination of whether a valid
indication originates from a volumetric or planar type defect". Generally,
the use of supplementa)l straight beam and angle beam techniques provide for
the verification of a volumetric type flaw, i.e. slag, porosity, since a
relatively strong reflection should occur from both,

Another supplemental characterization technigque is based on satellite pulse
observation technique (SPOT) principles [reference 1]. SPOT relies on the
observation of a doublet signal emanating from a volumetric defect. This
doublet consists of a strong specularly reflected signal, followed by a weak,
synchronous satellite pulse response. This satellite pulse is created by a
portion of the sound beam propagating around the circumference of a rounded
type of reflector and being reradiated back to the receiver transducer.
Synchronous means that when the specularly reflected signal peaks the
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associated satellite pulse signal should also peak with the satellite pulse
lagging in arrival time. Therefore these two peaks should occur in the same
A-scan. On a system such as UDRPS two relatively close paralle! images one
behind the other would be indicative of synchronous signals and therefore a
rounded volumetric type of defect.

For planar flaws, SPOT also relies on the observation of a doublet signal but
these signals are asynchronous in nature. In this case the satellite
responses are created by a portion of the sound beam being reradiated from a
planar flaw extremity back to the receiver transducer. Since the extremities
of planar flaws are separated in position the peaks of each extremity would
not occur in the same A-scan. On a system such as UDRPS two parallel images
but shifted in position would be indicative of asynchronous signals and
therefore a planar type of defect.

UDRPS was also used to determine the reflector's sizes using amplitude drop
sizing methods. The UDRPS system, however, has the same fallacies as
conventional ultrasonic examination techniques when amplitude drop sizing
methodologies are used. Fcr small flaws it will stil)l provide estimated sizes
more commensurate with the beam size of the transducer rather than the size of
the flaw, assuming as in most cases that the beam size is greater than the
size of the flaw [references 1-5].

With this in mind, for these indications a sizing methodology known as 6 dB
drop or half maximum amplitude was applied. This methodology was applied
because overal! (on a defect matrix consisting of volumetric and planar type
flaws) it has been shown tc provide the more accurate results wher compared to
other amplitude-based technigues such as 50% DAC, 20% DAC, and 20% DAC with
beam spread correction [reference 6).

Indication 1A found during the conventional inservice inspection was
re-examined using UDRPS and the Westinghouse 40-month array plate. The
transducer which detected this indication is a 2.25 MHz, 1-1/2 inches
diameter, 20 degree longitudinal wave unit identified as TR 13. This same
transducer was used in the UDRPS scans., Other angles/transducers were alse
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Figure A.8: Linear Extent of Indication 1A in Outlet Nozzle to Shel: Weld
01-021 (Transducer TR 13 - Low Sensitivity Scan), UDRPS Data

The %eries of images shown on this figure display the linear extent of indica-
tion 1A without any amplitude drop type sizing. Using 6 dB drop sizing
indication 1A can be seen ranging from 347.5 to 354.0 degrees or 14 increments,
Each increment was 0.5 degrees therefore the indication extends approximately
7 degrees. Each degree at the position of the weld/nozzle fusion line is
equal to 0.61 inch (diameter equals 70.06 inches). Therefore indication 1A by
6 dB drop sizing measures 4.27 inches.

Figure A.S: Secondary Image of Indication 1A (Transducer TR 13 - High
Sensitivity Scan), UDRPS Data - Swoep With Maximum Amplitude
from Reflector

This image shows a saturated response from indication 1A as well as a weak
trailing secondary response approximately 3.5 microseconds behind the primary
indication 1A response. These responses are indicated on the figure,
Trailing secondary responses are evidence of rounded volumetric-type
reflectors.

Figure A,10: Indication 1A in Outlet Nozzle to Shell Weld 01-02i With
Respect to the Weld Cross-section (Transducer TR 6 -~ Low
Sensitivity Scan), UDRPS Data - Sweep With Maximum Amplitude
from Reflector

This image is of the scan line which showed the maximum response from
indication 1A using TR 6, Estimated positions of the shell, weld and nozzle
are shown for clarity and illustration purposes. Indication 1A appears to be
two separate reflectors (approximately 1.6 inches between peax amplitude
positions) located at or near the weld/nozzle forging fusion line and embedded
within the weld. Using 6 dB drop sizing and ASME Code Section X1 IWA-3300
flaw indication proximity rules the through-wall dimension (?a) of indication
1A using TR 6 is determined to be 2.48 inches (0.59 inch for one reflector
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plus the separation distance of 0.5 inch plus 1.4 inches for the other
reflector). This dimension is shown on the figure. Trailing secondary
responses can be observed for both reflectors.

Figure A.11: Linear Extent of Indication 1A (Transducer TR 6 - Low
Sensitivity Scan), UDRPS Data

The series of images shown on this figure display the linear extent of indica-
tion 1A using TR 6 without any amplitude drop type sizing. Using & dB drop
sizing indicat‘on 1A can be seen ranging from 352.56 - 353,55 degrees or 4
increments, Each increment was 0,33 degree therefore the indication extends
approximately 1.32 degrees. Indication 1A using TR 6 and 6 dB drop sizing
measures 0.81 inch in length.

Figure A.12: Secondary Images of Indication 1A (Transducer TR 6 - High
Sensitivity Scan), UDRPS Data - Sweep with Maximum Amplitude
from Reflector

This image shows a saturated response from indication 1A ysing TR 6 as well as
a weak trailing secondary response approximately 3.0 microseconds behind the
primary indication la response. These responses are indicated on the figure.
Trailing secondary responses are evidence of rounded volumetric-type
reflectors.

Figure A.13: Linear Extent of Indication 1A (Transducer TR 5 - Low
Sensitivity Scan), UDRPS Data

The series of images shown on this figure display the linear extent of indica-
tion 1A using TR 5 withcut any amplitude drop type sizing. Two reflectors
approximately 0.9 inch apart are present. Using 6 4B drop sizing indication
1A can be seen ranging from 350.5 to 354.0 degrees or 8 increments., Each
increment was 0.5 degrees therefore the indication extends approximately 4
degreas. Indication 1A using TR 5 and € dB drop sizing measures 2.44 inches
in length.
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For information purposes, the two indications identified 2s 1BB and 2CC which
were determined to be acceptable to table IWKB-3512-1 of the ASME Code Section
XI using the conventional ultrasonic examination data were re-examined using
UORPS and the Westinghouse 40-month array plate. The transducer which
detected these indications is a 2.25 MHz, 1-1/2 inches diameter, 0 degree
longitudinal wave (with respect to the weld fusion line) unit identified as TR
6. This same transducer was used in the UDRPS scans. The same type of
scanning scheme used for indication 1A was applied to these two indications
except that the index increment was 0.33 degrees around the nozzle or a 0.2
inch increment at the location of the indication and only the detection
transducer was used.

The results of these examinations can best be observed in figures A.14 through
A.17. A brief explanation of each of these figures is provided below:

Figure A.l14: Indication 1BB in Outlet Nozzle to Shell Weld 01-021 With
Respect to wWeld Cross-section (Transducer TR 6 - Low
Sensitivity Scan), UDRPS Data - Sweep with Maximum Amplitude
from Reflector

This image is of the scan line which showed the maximum response from
indication 1BB., Estimated positions of the shell, weld and nozzle are sh .
for clarity and illustration purposes. Indication 1BB appears to be two
reflectors (approximately 0.9 inch between peak amplitude positions) 1+ ited
at or near the weld/nczzle forging fusion line and embedded within th¢ ~eld,
Using 6 dB drop sizing and ASME Code Section X1 IWA-3300 flaw indicat:
proximity rules, the through-wall dimension (2a) of indication IBB is
determined to be 2.02 inches. This dimension is shown on the figure.

Figure a.15: Linear Extent of Indication 1BB (Transducer TR € - Low
Sensitivity Scan), UDRPS Data

The series of images shown on this figure display the linear extent of indica-
tion 1BB without any amplitude drop type sizing., Using 6 dB drop sizing and
ASME Code Section X! IWA-3!00 flaw indication proximity rules, indication 1BB

Foale -08 1080 10 9




can be seen from 29.31 to 32.94 degrees or 13 increments. Each increment was
0.33 degrees therefore the indication extends approximately 4.25 degrees in
length or 2.62 inches.

Figure A,16: Indication 2CC in Qutlet Nuzzle to Shell Weld 01-021 With
Respect tr tha Weld Cross-section (Transducer TR 6 - Low
Sensitivity Scan), UDRPS Data - Sweep With Maximum Amplitude
from Reflector

This iwage is of the scan line which showed the maximum response from
indication 2CC. Estimated positions of the shell, weld and nozzle are shown
for clarity and illustration purposes. Indication 2CC appears to be two
reflectors (approximately 1 inch between peak amplitude positions) located at
or near the weld/nozzle forging fusion 1ine and embedded within the weld.
Using 6 dB drop sizing and ASME Code Section XI IWA-3300 flaw indication
proximity rules, the through-wall dimension (2s8) of indication 2CC is
determined to be 1.75 inches. This dimension is shown on the figure.

Figure A.17: Linear Extent of Indication 2CC (Transducer TR 6 - Low
Sensitivity Scan), UDRPS Data

The series of images shown on this figure display the linear extent of indica-
tion 2CC without any amplitude drop type sizing. Using 6 dB drop sizing,
indication 2CC can be seen ranging from 298.72 to 302.35 degrees or 12
increments. Each increment is 0.33 degrees therefore the indication extends
approximately 3.96 cegrees in length or 2.42 inches.

The UDRPS sizing information using 6 dB drop sizing techniques for indications
IA, 1BB and 2CC of weld 01-021 are summarized in table A.2. Flaw indication
analyses in accordance with Section X1 IWA-3300 and INB-3512 for each of the
indications using the UDRPS sizing data are also included in table A.2, Each
of the angle/transducer combinations used on indications 1A, 188, and 2CC
resulted in flaw indication sizes exceeding the allowable limits of table
IwB-3512-1. In comparison with the conventional inservice inspection results
on these indications (table A.1) the UDRPS & dB amplitude drop sizing
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reflectors which were at or below the recording level in the conventional
examinations. In the UDRPS 6 dB drop sizing data for indications 1BB and 2CC,
the proximity rules of Section XI were applied to smaller amplitude adjacent
reflectors even though the conventional UT measurements between 50% DAC points
indicate that the recorded indications were singularly acceptable, and
sufficiently separated from the adjacent reflectors noticed in the UDRPS
examinations,

In summary, indications 1A, 1BB and 2CC using UDRPS data are interpreted to be
rounded, volumetric type reflectors that are clearly subsurface in nature and
are located at or near the weld/nozzle forging interface.

A-7.0 FRACTURE MECHANICS EVALUATION

The three indications (1A, 188, 2CC) found in weld No. 01-021 have been
evaluated bty a fracture mechanics analysis using the flaw chart developed in
the main body of this report, and both conventional ultrasonic examination and
UDRPS examinatiin sizing data (table A.1 and table A.2). This evaluation is
provided in fig.re A.18 for indications 1A, 1BB, and 2CC.

A1l the indications identified by both the conventional ultrasonic examina-
tions and the UDRPS examinations are acceptable by the fracture mechanics
analysis,
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TABLE A.2

SUMMARY OF INDICATIONS IN OUTLET NOZZLE TO SHELL WELD 01-021
UDRPS DATA (6 dB OROP SIZING), 1988 EXAMINATIONS

Indication 1A 1A 1A 188 2CC
Search Unit TR 13 TR 6 RS TR 6 TR 6
Length (1)* 4.27" 0.81" 2.44" 2.62" 2.42"
Through Wall

Dimension (2a)* 0.743" 2.4%" 1.38" 2.02" 1,75
Depth from 0.0.

Surface (S)** 2.73" 2.1 2.73" 3.34" 4.01"
Upper Shell

Thickness Minus

Cladding (t) 10.75" 10.75" 10,.75" 10.75" 10.75"
Code Classifi- Subsurface Subsurfe-a Subsurface Subsurface Subsurface
cation***

“a" 0.37* 1.24" 0.69" 1.01" 0.88"
Aspect Ratio (a/1) 0.09 0.5 0.28 0.38 0.36
a/t% 3.4 11.5 6.4 8.4 8.2
Allowable a/ta*** 2.8 6.5 3.9 5.2 4.6

*6 dB drop sizing
**Measured from scaled plots, figures A.4 through A.6
*x*ASME Code Section XI, 1980 Edition through 1981 Winter Addenda
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FiGURE A.1 : PLAN VIEW OF WATERFORD UNIT 3 REACTOR VESSEL THROUGH THE
NOZZLES
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FIGURE A.2 : WATERFORD UNIT 3 OUTLET NOZZLE DETAIL DRAWING



FIGURE A.3 : WESTINGHOUSE REACTOR VESSEL-ISI 40-MONTH ARRAY PLATE FOR
WATERFORD UNIT 3
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