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1.0 EXECUTIVE I'MMARY

carolina Power & Light (CPGL) requested that analysis be done to address

velds at the feedwater sparger aru-to-tee

cireumferential eracking along
tion one additional

to identify allowable conditions for opera

connections,
maximum allowable flav

The analysis {nvolved determination of the

cycle.
estimation of maximum nozzle

sideration of loose parts {ssues and

size, con
leak directly onto the nozzle.

cracking for a hypothetical sparger crack

performed Lrior to speYger {nspection [1]
bsequently performed [2). The

rized below:

A preliminary analysis was

The sparger {nspections for Unit 2 were su

results of the evaluation and inspectiors are summa

’ The critical flaw size for the circumferential tee weld cracking is

14.1 inches on the outside surface.
e as 3.16 inches, due to

. The crack growth in one cycle could be as larg
165¢C, so the allowable flav size for the {nspection is 10.9 inches.

e sparger arm at the tee weld would not

. Complete separation of th
and such a separation would be

overstress the vessel bracket connection,

so there is no loose parts concern for tris

detected by the oparator,
particular cracking in the spargers.

. Analysis of the hypothetical case of sparger leakage on the nozzle blend
radius indicates that a crack would grow ro deeper than 0 85 inches due
to the leakage thermal cyeling. Including system fatigue crack growth
for u ~ cycle of 0.05 inches, & crack no deeper than 0.9 inches could be

developed in one cycle of operation.
longest circunferential crack to be

lts from this outage
cates that ne

. The Unit 2 inspection showed the
2 {nches long. Comparison of inspecticn resu

about <
and the previous outage for one of the cracks indi
last cycle.

significant crack growth occurred during the



|
: 2 0 BACKGROUND

the feedwater (FW) spargers {n Units | and 2 at the Brunswick plants

flow holes in the side of the sparger arm pipes,

!

l

|

i have the originally designed
demonstrated rapid thermal cycle cracking after a few cycles of

and in compliance with NUREG-0619, CP&L has regularly
flow holes, and has found and

w ich have

operation. As a result,

h performed penetrant test (PT) inspections of the

monitored flow hole eracking. In the process of

{ndications were also found
Vhile these indications wvere

performing PT inspections
during the last Outage, along the circunferential
nect the sparger arms to the tee.

some pictures show eircumferential {ndications at

not measu < i for length,
£ the sparger (see Flgure 2:1).

3 inches long on the visible side o

least 2
Therafore, CP&L requested an evaluation of the structural irregrity of the

spargers for the next cycle of operation.
addresses the circunferential cracking along the velds

?
I
! welds which con
]
)
|
.

The evaluation specifically

between the sparger

arms and tee, and applies to both Units.

The evaluation consists of several aspects, as described below:

. The critical flaw size for failure of the sparger is determined.

. Maximum ¢ .pected crack growth is predicted, based on consideration of

intergranular stress corrosion cracking (1GSCC) and fatigus.

. The likelihuod of complete failure of a sparger tee veld resulting in

loose parts is addressed,

re feedwater leaks through the

' For the worst case scenario whe
blend radius of the feeUwater

circumferential crack directly onto the

nozzle, thne maximum possible nozzle crack depth is predicted.

sions concerning

Inspection results for Unit 2 are presented and conclu

continued operation are made .
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1.0 FEEDWATER SPARGER ANALYSIS

The analysis process used to determine allovable flavw size for one cycle
of operation is as frllovws. The critical crack size, the crack size at which
sparger failure can realistically be expected, {s calculated, along vith the
associated stress intensity factors, K. These K values are used with crack
growth‘gorrolittonl for fatigue and stress corrosion cracking (SCC) te
derermine the amount of crack growth possible during one cyecle. Subtracting
the crack growth from the eritical crack size gives the allovable crack size
¢hat can be detected during the outage. The details of each step in this

process are described below.

-
3.1 CRITICAL FLAW SIZE
o

The critical flav size wvas determined using methods similar to those
presented in ASME Cod. Section X1 Non-Mandatory Appendix C, *Evaluation of
Flaws in Austenitic Piping." The methods use a net section collapse approach
where the remaining scctigglof & cracked pipe is evaluated for fallure due to
the primary membrane and bending loads. For the FW spargers, primary 10::,
wére considered due to spaiger welght, vertical and horizontal seismic loads,

loading of impinging downcomer flow and hydraulic loads due to flow turning in

She tee. - ' -

The following assumptions were made in determining eritical flav size:

. Counteracting hydraulic forces from the flow holes were conservatively

ected.
‘nrc from the thermal sleeve connection to the safe end, either
velded or slip fit, vas conservatively assumed to be zero.
. The sparger was conservatively modeled as a straight beam equal to the
curved leagth, vwith pinned-pinned end conditions.
. The veld toughness correction factor 2y = 1.449 for shielded metal arc
or submerged arc welds, which amplifies the bending stress, vas included

{n the net section collapse analysis.






3.2 CRACK GROWTH ANALYS1S

As shown in Figure 2.1, it is likely that the circunferential weld
cracking 1is (nitiated from flov hole thermal cycling cracks. Although the
{nitftal crack growth {n the early stages {s due to thermal fatigue, the
driving force decreases vith crack length, and the crack growth is likely to
be lesy than 0.5 inches. Thus, cracks as long as shown in Figure 2.1 are not
expected to be 4ie to the flow hole cyeling phenomenon. For the FV spargers.
which are as-welded 304 stainless steel, the most 1ikely cause of subsequent
crack extenslon 1s 168CC, starting at the crack tip caused by flov hole
cyeling fatigue. The approach to determining an allowable flaw is to subtract
crack growth from the critical flaw size, which in this case results in &
rather large allowable flav size. Since the cracks are assumed to have grown
a considerable distance from the flow hole {nitiation sites, it 1s appropriate

to consider only 1GSCC growth.

For 1GSCC growth, both the sustained primary and secondary stresses are
important. The secondary stresses {nclude thermal bending due to the
temperature difference through the sparger wall and weld residual stre’s.
Based on the thermal stress relationship ¢ = EaaT/(1-¥), vith AT = 130°F, the
thermal bending secondary sStress {s 22 ksi, tensile on the inside surface.
The weld residual stress is expected to be near the yleld strength of about
30 ksi, also tensile on the inside surface. Therefore, stresses are assumed

to Le equal to the yield strength for the analysis of 1GSCC growth.

The model used to calculate stress {ntensity facter, K, is for a
longitudinal crack {n a cylindrical shell subjected to bending op through the
thickness [3), as shown {n Figure 3-2. The K computed for the surface of the
pipe vall where bending and membrane effects add is given by

K = (Co + Gb) op/xa (14w) /(34w) (3-4)

Wi, re Cm and Cb are menhrane and bending factors, between 0 and 1, from (3].
Use of this expression .. ¢ pected to be conservative for this application,
based on comparison of x.at plate &nd eylindrical shell models used to
avaluate circunferential vessel flaws., The resulting relationship of K versus
crack length 2a is shown {n Figure 3-3.

. 3-3













7 —¢ a4nbi
dig payocis) 0 Ul puipuag AJDPUOIBL, jo} |9PON M 2%
od! ML

@ o7 — |
k&l L%L(%N \




—-ll T S — e TS R — .

gt

I

oL

T

plam 1abiods |D1jU212JWINDAIY Ul S)I0LY 10

(SIHONI) 02 "HIONIT MOV
S

) oz 'sA 5 £—g enbi

1

T

(Uth—18%) M ‘“OLOV4 ALISNZLNI SSIMLS

|
&




Gl

S10A) YIUOW w1 10) pajaipeld Wmoly DISII

(SHNOH) INIL

SPUDSNOYGY
Ot S

¥ ¥

p—¢ oanbiy

ot

SOl

L

St

Sct

£l

Sgl

vl

Sri

Gl

(S3HONI) OZ ‘HLON3T MOvD TV1OL

:’.IDI..IL




VESSEL

AN  SLOTTED PLATE
r

/ ™

» | il

.

TOP VIEW

.

SLOTTED PLATE WELT~ TR
\\54

%
/

L |

ith
£ BRACKET PIN L]

FRONT VIEW

Figure 3=5. Schematic of Sparger Arm Bracket Connection



4.0 FEEDWATIR NOZILE CRACKING IMPACT

ger weld cracks opened so that

In the unlikely event that the spar
adius of a FW nozzle, rapid

feedwater was flowing directly onto the blend

cycling conld cause crack initiation and crack growth., The nature of the

damage to the nozzle is simila: to two documented cracking phenomena: FW

thermal sleeve leakage rapid cycling and flow hole rapid cyecling.
lysis of the thermal sleeve leakage rapid

Extensive testing and ana
g the triple thermal sleeve.

ing was conducted in the process of designin
valuation of the expected crack growth in the

The results showed that AK values

eyel
Among the analyses done was an e
blend radius due to rapid cycling (4].

associated with the rapid thermal cycling drop as a crack proceeds into the

arrest AK chreshold of 3 ksi-/in (for high R-ratios) is

nozzle until the crack
frequency of

reached. The depth of the arrestad crack is a function ef the

the cyecling, as shown in Figure 4-1.

similar analysis wvas done for the flow hole cyeling phenorennn 134,

\gain, the AK values drop as a function of distance from the flow hole, until

the crack arrest AK threshold is reached. In this case, with low R-ratio, the

threshold is § ksi-J/in.

The frequencies and magnitudas of thermal cycle: for the case of sparger
leakage onto the nozzle are unknown, so any fatigue crack growth calculation
would be based on arbitrary assumptions. Instead, the maxirum expected crack

depth is determined based on the same 4K attenuation and AK threshold approach

used for the thermal sleeve leakage and flow liole cases.

4,1 METHODS

The method used to estimate the crack arrest depth follows the methods
used for the blend radius in (4], benchmarked by the actual cracking seen in
the sparger ilow holes. The flow hole cracks have been found to be as large
as 0.5 inches, so the benchmark of the &K vs. depth calculation is that the

curve should pass through 5 ksi-/in at 0.5 i ach depth.




le blend radius was msdeled, as shown in thuro -2,

The model was subjected to cycles of
and thermal

d with the

The feedwater noz«

for finite elemenc analysis by ANSYS.
§50°F and 420°F at varying frequencies,

130°F sctep changes between
performed. The ANSYS results were use

and srress computations were

AK relation hip from {&6]:

Ky = 1.12 /ra [Ag + Ay*2a/% * Az*‘z/z + 53*“13/3*] (4-1)

jents to the cubic polynomial curve fic of

vhere AQ through Ay are coeffic
blend radius, obtained from ANSYS .,

s+ress versus depth in the nozzle

4.2 ASSUMPTIONS

following assumptions were made for thie purposes of conservatively

The
leakage flow from the sparger onto the blend

simplifying the problem ol

radius:

. Leakage flow from the cracked sparger would have similar thermal cycling

characteristics to those of the sparger flow through the flow loles.

shown at the flow holes with a

Radial therma! cycling cracks currently
ag due to steady state

tength or 0.5 inches yepresent the maximum erack:
Further growih of these cracks is due to transient

flow fluctuations.
This is conservative, as

as fesdwater flow initiacion.
ten years of transient events.

events such
these cracks have already seen over
flow holes are greater

e fluctuations at tne

. Magnitudes of temperatur
the blend radius.

chan fluctuations expected from leakage onto



4.3 RESULTS

les were developed for frequencies of 1/8, 1/&

cryess range and &K profi
eeting the

The 1/4 Hz case wvas found to come closest to m
The stress range profile is

as fit with a cubic

ard 1/3 Hz.
benchmark condition of 5 ksi-Jin at 0.3 inches.

chown in Figure 4-3. The stress range profile ¥

polynomial, and then the coefficients were adjuste slightly until the

benchmark conditions were mset. The resulting AK vs.
stress threshold of 3 ksi-Jin

depch plot is shown in

The curve extends to the high mean

Figure 4-4.
rapid cycling behavior which causes a

at a depth of 0.85% inches. Therefore,

crack of 0.5 inches at the flow holes is predicted to cause a crack of 0.85

inches in the blend radius.

In iddition to the possible crack growth due TO rapid cycling, system

cycling crack growth could occur. *n the most recent NUREG-0619 analysis for

Unit 2 [6], which has the greater crack growth rate, the system cycling crack
n with a crack 0.83 inches deep is

growth for 18 months of operatio
d crack depch for sparger leakage

0.05 inches. Therefore, the maximum expecte
Lo the nozzle is 0.9 inches. While this is significant, it is less than the

flaw depth allowed in NUREG-0619 of 1.0 inch.
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Figre 4-2. ANSYS Model of Feedwater Nozzle Blend Radius
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5.0 CONCLUSIONS

the results of this report are {ntended to provide justificat.on for

operation for one additional cycle given circumferential cracks lass than the

maximums allowed in this report.
Conclusions can be drawn for Uait 2., based on

are similar to

The inspections were doune for Unit 2 in

O:toher, as discussed below.

thosy inspection results. 1f the {nspe~tion results for Unit 1

those for Unit 2, the same conclusions apply.

§ 1 UNIT 2 ISSPECTION RESULTS

The Unit 2 feedwater nozzler and spargevs were inspected according to

the requirements of NUREG-0619. The documer ed results are included in

Appendix A. Ths blend radius of sach feedwater nozzle wos liquid penetrant

(LP) tested, showing no indications,

LP tested and ultrasonically tested (UT).
The UT results show thac
LP indications on

The circumferential welds were
The LP tests show the longest crack to be 2 inches.

the crack lengths inside the spargers are no more than the

the outside surfaces. Comparison of a crack length mearured during the last

outage and daring this ouctage shows that no significant crack growth has

occurred.

$. 2 OPERATION JUSTIFIED

The analysis in Section } provides amn allowable through-wall crack

length of 10.9 inches, bared on 3.16 inches of IGSCC growth in one cycle. The

inspection results for Unit 2 show much shorter cracks, about 2 inches, and

litcle if any IGSCC growth, Therefore, operation for the next cycle is

justified.

growth rates are shown to be acceptable by
nal cycle will be

Once crack lengths and IGSCC

inspectio~ of the Unit 1 spargers, operation for one additio

justifiea.
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CPBL _

Carotina Powe: & Light Company

Octuber 20, 1991

TO: A. D. Ketcham
GE Site Services Manager

FROM: J. E. Gates
NED Rasponsikls Engineer

BUBJECT: Unit 2 Feedwater Nozzle Blend Radius and Sparger
Inspection

Oon October 12, 1991 CP&L inspacted the Unit 2 feedwater nozzle
inner blend radius in accordance with Nursg 0619 and alco perxormed
an LP examination of the feedwater sparcgers to document the flow

hcle cracking and circumferential weld cracking. The results of
the inspection are as tnllows:

1. No relevant indications were found on the nozzle inner blend
radius.

- crack growth continues on the flow holes but no pieces have
separated. Note: The pieces did not separate during the

hydrolase cleaning operation using a 20,000 psi plus
hydrolaser unit prior to the examination. In addition to the
horizontal piece between the fiow holes which has been
previously addressed by GE, the size of other potential locse
pieces is as shown. The largest of which ha- also been
previously addressed by GE.
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