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1.0 INTRODUCTION

This report summarizes evaluations performed by NUTECH
to assess weld overlay repairs and unrepaired flaws in
the Recirculation and RHR Systems at Georgia Power
Company's E. I. Hatch Nuclear Power Plant Unit 2

(Hatch 2). Weld overlay repairs have been applied to
address ultrasonic (UT) examination results believed to
be indicative of intergranular stress corrosion cracking
(IGSCC) in the vicinity of the welds. The purpose of
each overlay is to arrest any further propagation of the
cracking, and to restore original design safetiy margins
to the weld. The unrepaired welds which had UT
examination indications have been shown by analysis to

still have the origiral design safety margins.

The required design life of each weld overlay repair is
at least five years. The amount that the actual life
exceeds five years will be established by a combination

of future analysis and testing.

UT indications have been detected adjacent to nine
28" elbow to pipe welds, eighteen 12" elbow to pipe
welds, four recirculation pipe to safe-end welds, one
12" pipe to pipe weld, two 20" inch RHR pipe to elbow

welds, one 24" RHR pipe to elbow weld, and four 22" end
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cap to header welds. These welds were repaired with
weld overlay designs evaluated in this report, with the
exception of the 28", 24", and 20" welds, which were

found to be acceptable without repair.

Figure 1.1 shows all the welds in relation to the
Reactor Pressure Vessel and other portions of the
Recirculation and RHR Systems. Table 1.1 lists the
welds evaluated in this report, describes the indica-
tions found at each location, and identifies the type of
repair (as defined in Section 2) performed. All of the
existing affected RER and Recirculation System materials

are Type 304 stainless steel.
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Weld Identification

Flaw Description
Numbe r Orientation Maximum Depth Maximum Length Flaw Disposition

nu

2B31-1RC-22AM-1 Circumferential 422 53" Weld overlay per Fig.
2B31-1RC-22AM-4 Circumferential 192 60" Weld overlay per Fig.
2B31-1RC-22BM-1 Circumferential 40% 25%" Weld overlay per Fig.
2B31-1RC-22BM-4 Circumferential 372 360° Replace Erd Cap
2B31-1RC-28A-3 Circumferential 127 55" Acceptable by analysis
2B31-1RC-28A-4 Circumferential 17% 360° Acceptable by analysis
2B31-1RC-28A-7 Circumferential 8% 360° Acceptable by analysis
2B31-1RC-28A-10 Circumferential 102 %" Acceptable by analysis
2B31-1RC-28B-3 Circumferential 157 360° Acceptable by analysis
2B31-1RC-28B-7 Circumferential 18% 360° Acceptable by analysis
2B31-1RC-28B-8 Circumferential 1% 360° Acceptable by analysis
2B31-1RC-28B-10 Circumferential 207 360° Acceptable by analysis
2B31-1RC-28B-15 Circumferential 232 360° Acceptable by analysis
2E11-1RHR-20RS-2 Circumferential 132 360° Acceptable by analysis
2E11-1RHR-20RS-3 Circumferential 147 360° Acceptable by analysis
2E11-IRHR-24BR-11 Circumferential 182 10 9/16" Acceptable by analysis
Table 1.1

Indentification of Observed UT Indications
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Weld Identification

Number

2B31-1RC-12BR-A3
2B31-1RC-12BR-B2
2B31-1RC-12BR-B3
2B31-1RC-12BR-B4
2B31-1RC-12BR-C2
2B31-1RC-12BR-C3
2B31-1RC-12BR-C4
2B31-1RC-12BR-D2
2B31-1RC-12BR-D3
2B31-1RC-12BD-E3
2B31-1RC-12BD-E3A
"31-1RC~12BD-E4
2B31-1RC-12AR-F2
2B31-1RC-12AR-F3
2B31-1RC-12AR-G2
2B31-1RC-12AR-G3
2B31-1RC-12AR-H2
2B31-1RC-12AR-H3
2B31-1RC-12AR-J2

2B31-1RC-12AR-J3

Orientation

Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential
Circumferential

Circumferential

Circumferential

Flaw Description
Maximum Depth

25%
262
222
23%
28%
302
322
147
177
222

252
107
147
157
107
307
232

307

Maximum Length

360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°
360°

360°

Flaw Disposition

Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld
Weld

Weld

overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay
overlay

overlay

overlay

per
per
per
per
per
per
per
per
per
per
per
per
per
per
per
per
per
per

per

per

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
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;\i o] ;\) N ne N N ~N N N N N — — s N N N N



nu

Weld ldentification
Number
2B31-1RC-12AR-J4
2B31-1RC-12AR-K2
2B31-1RC-12AR-K3

Orientation

Circumferential
Circumferential

Circumferential

Flaw Description

Maximum Depch Maximum Length
287 360°
197 360°
6% 360°
Table l;l

Flaw Disposition

Weld overlay per Fig. 2.2
Weld overlay per Fig. 2.2
Weld overlay per Fig. 2.2
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Figure 1.1
CONCEPTUAL DRAWING OF RECIRCULATION SYSTEM
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indications in the existing safe end, 12" elbow,

pipe, and three of the four end cap weld heat-

scted zones have been repaired by establishing
tional "cas n=j ¢ pipe wall thickness from
rees around and to either
shown in Figures
end cap was cut off
new equivalent end cap.
d over the cracks will provide
-0 that required to provide the
safety margins. 1In addition, the weld metal
favorable compressive residual

1 1
metal will




2) Volumetric examination of the completed weld
overlay by the ultrasonic examination technique in

accordance with ASME XI.

3) Volumetric preservice examination of the weld
overlay and existing circumferential pipe weld by
the ultrasonic examination technigue in accordance

with ASME Section XI.
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3.0 EVALUATION CRITERIA

3.1 weld Overlay and End Cap Replacement Evaluation

This section describes the criteria that are applied in
this report to evaluate the acceptability of the weld
overlay repairs and end cap replacement described in
Section 2.0. Because of the nature of these repairs,
the geometric configuration is not directly covered by
Section III of the ASME Boiler and Pressure Vessel Code,
which is intended for new construction. However,
materials, fabrication procedures, and Quality Assurance
requirements are in accordance with applicable sections
of this Construction Cocde, and the intent of the design
criteria described below is to demonstrate equivalent
margins of safety for strength and fatigue
considerations as provided in the ASME Section III
Design Rules. In addition, because of the IGSCC
conditions that led to the need for repairs, ICSCC
resistant materials have been selected for the weld
overlay repairs. As a further means of ensuring
structural adequacy, criteria are also provided below

for fracture mechanics evaluation of the repairs.

GPC-07-102 3.1
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3.1.1 Strength Evaluation

Adequacy of the strength of the weld overlay repairs and
end cap replacement with respect to applied mechanical

loads is demonstrated with the following criteria:

1. An ASME Boiler and Pressure Vessel Code Section
III, Class 1 (Reference 1) analysis of the weld

overlay repairs was performed.

2. The ultimate load capacity of the weld overlay
repairs was calculated with a tearing modulus
analysis. The ratio between failure load and
applied loads was required to be greater than

that required by Reference 1.
k T8 B . Fatigue Evaluation

The stress values obtained from the above strength
evaluation were combined with thermal and other
secondary stress conditions to demonstrate adequate
fatigue resistance for the design life of each repair.

The criteria for fatigue evaluation include:

GPC-07-102 3.2
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surfaces. The temperature profiles generated for each
weld pass, both in the heating and cooling phases, then
serve as input to the finite element residual stress
analysis model. The welding parameters assumed for the
analysis of the original butt-welds are shown in

Table ____ (Reference 18), and are representative of
those used in practice. The weld overlay parameters are

also shown in Table

The residual stress model is an axisymmetric finite
element representation. Material properties are
temperature dependent and the stress-strain behavior 1is
elastic-plastic. Elastic ualoading is allowed from a
yielded element. Deformation and stress profiles are

;omputed at selected steps during welding.

An axisymmetric finite element mesh was generated for
each stress analysis. The stress analysis uses
temperature dependent material properties and a bilinear
stress strain curve. The Prandtl-Reuss equations for
plasticity are used. Residual forces are applied at the
end of each incremental solution. At the beginning of
each heating or cooling phase an iteration on the
stiffncss matrix is made to take into account the

non-proportional loading due to an abrupt change in the

load path.

GPC-07-102
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The transient thermal loading from the welding process
was imposed on the structural model by applying the
temperature distributions from the thermal analysis in

several piecewise linear changes.

The axial and circumferentiali stress profiles along the
inner pipe surface for each geometry after welding are
shown in Figures through . Also shown in

Figures and are residual stress data that were

obtained by strain gage techniques by Vertossa, et. al.
(Reference 18). Comparisons of the calculated and
measured data generally show good agreement, with the
calculated results being conservative (i.e., more

tensile).

Starting with the original butt-weld stress distribution
and the weld overlay temperature distributions, the

residual stresses for each repair were calculated.

The resulting stress distributions in the heat affected

zone are presented in Figures through . From

Figures and , it is seen that the weld overlay

produces significant axial compressive stress in the
original pipe cross section. This stress profile will

stop or considerably slow the growth cf cracks.

GPC-07-102 5.3
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The overlay places the inside half of the cross section
in circumferential compression stress as shown in

Figure . This should stop all axial crack growth.

A study of the effect of a circumferential crack on the
calculated residual stress due to an overlay has been

performed. The results are shown in Figure .

P T Residual Stress Measurements

In order to empirically coafirm the analyc-ical residuval
stress caiculations described above, Georjia Power
Company is conducting a test program to measure the
eftect which application of a weld overlay has on

residual stresses. This test program is described in

detail in References 19 and 20.

The test will attempt to monitor temperatures and
stresses (via thermocouples and strain gages) at

various locations on a 12 inch stainless steel pipe

during application of a weld overlay.

The results will be compared with the analytical

predictions described in Secticn L T I

GPC-07-102 5.4
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5.2 weld Repair and Evaluation

5sdel 12" Recirculation Inlet Safe End Evaluation

The heat affected zones on the piping side of the weld
between four recirculation inlet safe ends and the
recirculation piping had indications. Three of the
indications had maximum depth of less than 30% of the
wall thickness, thus the mini overlay shown in

Figure 2.2 was used. The 12BRC-4 weld had an indication
with a maximum depth of 32% of the wall thickness;
therefore the standard overlay shown in Figure 2.1 was

usedc.

5.2.1.! Cnde Stress Analysis

The ASME Code stress analyses of the four repaired safe
end welds were performed with ANSYS (Reference 7) finite
element models. The models were based on an overlay
thickness of 0.20 inch and 0.125 inch (standard and
mini), which are smaller than the actual minimum average
thicknesses of (___) inch. Figures 5.1 and 5.2 show the
models, The stress in the overlaid safe ends due to
design pressure and applied moments as described in

Sections 4.1 and 4.2 were calculated with the finite

element models.
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The weld overlay thermal model was taken to be
axisymmetrical (Figure 5.3). The exterior boundary was
assumed to be insulated. The temperature distribution
in the weld overlay subject to the thermal transients
defined in Section 4.2 can be readily calculated using
Charts 16 and 23 of Reference 8. The maximum through
wall temperature difference was determined to be less
than 2°F for the normal startup cycle, 40°F for the
small temperature cycle and 329°F for the emergency

transient.

The maximum thermal stress for ise in the fatijue crack
qrowth anzlysis was calculated as follows:

(Reference 1)

Eaa?l Ea AT,

" 3TL-% ©T "I-v

Where:

E = 28.3 x 10° psi (Young's Modulus)
a = 9.11 x 1075e¢"}

(Coefficient of Thermal Expansion)
AT = Equivalent Linear Temperature Difference

AT = Peak Temperature Difference
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The values of uTl, drz, and ¢ are given in Table 5.1 for

all three thermal transients.

The results of Code stress analyses of the standard and
the limiting mini overlays per Reference 1 are given in
Table 5.2. The allowable stress values from Reference 1

are also given. The weld overlay repairs satisfy the

Reference 1 regquirements.

A conservative fatigue 2nalysis per Reference 1 was
performed. In addition Lo the stress intensification
factors required pe: Reference 1, an additicnal fatigue
strength reduction factor of 5.C was applied duc to the
crack. The fatigue usage factor was then calculated
assuming 38 startups, 25 small temperatur2 change cycles
and one emergency cycle every five years. The results

are summarized in Table 5.2.
5.2.1.2 Fracture Mechanics Evaluation

Three types of fracture mechanics evaluations were
performed. The allowable crack depth was calculated
based on Reference 2. Crack growth due to both fatigue
and IGSCC was calculated using the NUTECH computer
program NUTCRAK (Reference 9) with material constants

and methodoloqy from References 10 and 1ll. Finally, the

GPC-07-102 5.7
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ultimate margin to failure for a crack assumed to

propagate all the way through the original pipe mate' lal

to the weld overlay was calculated per References 12

and 13.

The allowable crack depth for a 360° circumferential
crack in the overlaid welds was determined based on
Reference 2. The allowable crack depth is ___ percent
of the overlaid (___) weld thickness. Thus, the
allowable crack depth for a 360° circumferential crack

28 X ) inch.

The existing cracks could grow due tco both fatigue and
stress corrosion. Fatigue crack grocwth due to the three
types of thermal transients d:fined In Section 4.2 was
calenlated using the material properties from

reference 10. The fatigue cycles considered are shown
in Figure 5.4. The fatigue crack growth for 5 years was

calculated to be less than 0.0l inch.

IGSCC crack growth was calculated using the overlay
residual stress distribution shown in Figure . The
steady state loads of pressure, dead weight and thermal

expansion were also applied. The results are shown in

Figure .
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loading. Increasing load results in applied J-T
combinations moving up this line, and unstable fracture
is predicted at the intersection of this applied loading

line with the material resistance line.

Figure 5.6 shows that the predicted failure load is in
excess of ___ times the normal applied loads. Thus,
there is a safety factor on normal loads (including OBE
seismic) of at least ___, which is well in excess of the
safety factor inherent in the ASME Code, even in the

cresence of this worst case assumed crack.

(3]
.
r

12" Elbow and Pipe-to-Pipe Evalvation

The neat a‘fected zone of the weld between eight=en
recirculation inlet elbow and risers have UT indica-
tions, In addition, one 12" pipe to pipe weld has
indications., To ensure a conservative overlay design,
it was assumed that a 360° circumferential crack

exists in the welds, with maximum depths as shown in
Table 1.1. Eighteen of the nineteen welds were repaired
with the mini design (Figure 2.2) and one weld, 12BR-C3,
was repaired with the standard design (Figure 2.1). The

pipe to pipe weld was repaired with the mini design.

GPC-07-102 5.10
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combinations moving up this line, and unstable fracture
is predicted at the intersection of this applied loading

line with the material resistance line.

Figure 5.9 shows that the predicted failure loads is in
excess of ____ times the normal operating loads. Thus,
there is a safety factor on normal operating loads,
including OBE seismic, of at least __ , which is in
excess of the safety f[actor inherent in the ASME Ccde,

even in the presence of this worst case assumed craci.

$.2.3 22" End {ap Peparr Evalua*ior

The heat affocted zone: of four of the welds between tne
22" pipe and the end cap have several circumfarential UT
indications. The largest of the indications was
estimated to have a depth of approximately 42% percent

of the wall thickness.

5.2.3.1 Code Stress Analysis

A finite element model of the repaired end caps was
prepared using ANSYS as above. This model is shown in
Figure 5.10. The stress in the end cap due to design
pressure as described in Section 4.1 was calculated with

the finite element model. The thermal analysis was

GPC-07-102 5.14
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5.2.3.2

performed in the same manner as for the safe end

(Section 5.2.1), with appropriate dimensional changes.

The results of a Code stress analysis per Reference 1
are given in Table 5.4. The allowable stress values
from Reference 1 are also given. The repaired end cap

configuration satisfies the Reference 1 requirements.

A conservative fatigue analysis per Reference 1 was
performed. A fatigue strenjth reduction factor of 5.0
was applied due to the assumed crack. The fatigue usage
tactor was tnen calculacted assuming 38 startups, 25
small temperature change cycles and one emergency cycle

every five years. The rcosuius are summarized in Table

3.4.

Fracture Mechanics Evaluation

Three types of fracture mechanics evaluations were
performed. The allowable crack depth was calculated
based on Reference 2. Crack growth due to both fatigue
and IGSCC was calculated using the NUTECH computer
program NUTCRAK (Reference 9) with material constants
and methodology from References 10 and 1ll. Finally, the
ultimate margin to failure for the assumed crack was

calculated per References 12 and 13.

GPC-07-102 5.15
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The existing cracks could grow due to both fatigue and
stress corrosion. Fatigue growth due to the three types

of thermal transients defined in Section 4.2 was

calculated using the material properties from Reference

10. The fatigue crack growth for five years of the

cycles shown in Figure 5.4 was calculated to be less

than 9.01 inch.

I1GSCC crack growth wvas calculated using the upper
bound crack growth law shown in Figure 5.5. The
residual stress wazs based on bcth the orig¢inal butt

we'!d residval stress and that due "o the overlay as

showa in Figure . The crack growth analysis was
performed with the NUTECH computec program WUTCRAK
(Reference 9). Crack growth as a function of time was
determined for a circumferential crack of size described
in Section 5.3. Maximum crack depth after five years

is predicted to be inch which is well below the

allowable of inches.
5.2.3.3 Tearing Modulus

A tearing modulus evaluation was performed for a crack
of depth equal to . The normal operating loads of

OBE seismic, pressure, weight and thermal expansion were

GPC-07-102 5.16
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applied. The evaluation was performed using the
methodology of Reference 12 with material properties

from Reference 13.

The postulated flaw and the results are shown in

Figure _____ . The upper dotted line represents the
inherent material resistance to unstable fracture in
terms of J-integral and Tearing Modulus, T. The line
originating at the origin represents the applied
loading. Increasing load resulcs in applied J-T
combinations moving up this line, aad unstable fracture
is predictea at the intersection of this applied loading

line with the material resistance line,

Figure ____ <chows that the predicted tailure load ic¢ in
excess of ____ times the normal operating lecads. Thus,
there is a safety factor on normal operating loads,
including OBE seismic, of at least __ , which is in
excess of the safety factor inherent in the ASME Code,

even in the presence of this worst case assumed crack.

5.2.4 End Cap Replacement Evaluation

( LATER)
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5.3 Evaluation of Unrepaired Flaws

UT examination of the large diameter Recirculation and
RHR. System at Plant Hatch Unit 2 has revealed twelve
welds which have reportable indications. Nine of the
welds with reportable indications are in the 28 inch
diameter Recirculation Piping, one is in the 24 inch
diameter RHR Piping, and two are in the 20 inch diameter
RYR Piping. The location of =ach of these defects is
si.owin 1n Figure 1.1. Ail of these indications are

circumferentially oriented.

IGSCC crack growth in large diameter piping is ditferent
than IGSCC créck growtihh in small diameter pipin, due o
a significant difference in the original butt weld
residual axial stress. In large diameter piping there
is a significant portion of the pipe thickness near the
inside surface which is in compression as shown in
Figure 5.12. 1In small diameter piping typically the
inside one-half of the pipe thickness experiences axial
residual tensile stress. Thus, shallow circumferential
flaws in large diameter piping will generally grow
significantly slower than similar flaws in small
diameter piping. The following Sections provide the
results of crack growth analyses of the flaws in large

diameter Recirculation and RHR Piping.

<pC-07-102 5.18
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5.3.1 28 Inch Recirculation Piping

Nine welds in the 28 inch diameter Recirculation Piping
have reportable UT indications. All the welds with
reportable UT indications are pipe-to-elbow welds. All
UT indications are circumferentially oriented. The
flaws are tabulated in Table 1.1 and their location is

shown in Figure 1l.l.

Weld number 28B-15 has the highest value of primary
stress and contains the largest UT indication., Thus,
the allowable crack depth for weld 28B-15 will be
pounding For any cf the crack indicaticn locaticns in
the 28" Recirculation Piping. The allowable crack depth
for weld 28B-15 was determined based on Reference 2 to

be 63% of the pipe wall thickness.

The predicted growth of each of the existing UT

indications requires several inputs:

1) Steady state applied stress
2) weld residual stress

3) Flaw characterization

4) Crack growth model

5) Crack growth law
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The approach was to use conservative input for applied
stress, residual stress, crack growth model and crack
growth law. Thus, the result of the analysis is a very

conservative prediction of crack size versus time,

The steady state loads at each crack location due to
operating pressure, dead weight and thermal expansion
were obtained from Reference 3. The steady state
stresses were then calculated based on design minimum
weld preparaticn wall tnieknasc ("C" dimension) at each

specific location.

The weld residual shiress was obtained from a get of
NUTECH standard residual stress curves (Reference 14).
The residual axial stress curve for large bore piping
from Reference 14 is shown in Figure 5.12. This

residual stress curve was used for each crack growth

analysis.

The flaw sizes are tabulated in Table 1.1. It was
conservatively assumed that each crack was full depth

for the entire crack length.
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The crack growth law is the upper bound law from

Reference 10 and is given below: (Figure 5.5)

4.116 x 10”12 g4-615 *

Differential crack size

Q.
o
]

Differential time

Q
-
0

Applied stress intensity factor

=
]

The crack growth model is an edge cracked plate. This

model is very conservative when appliecd to ar inside

diameter crack cylinder Yecause the cracked-plate model
introduces extra bending stresses which are tensile at
the crack Location., The maygnitude of *hLis conservatism

will be discussed below.

The predicted crack growth of each of the nine cracked
welds was calculated with tha NUTECH Computer Program
NUTCRAK (Reference 9). The limiting crack is in weld
28B-15. Figure 5.13 is a plot of the stress intensity
factor for both applied and residual stresses versus
crack depth for weld 28B-15. Figure 5.14 is a plot of
the predicted crack depth as a function of time for weld
28B-15. Examination of Figure 5.14 will show that the
UT indication will not grow to the allowable size for at

least 26 months.
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Another way of expressing the same margin is to
determine the crack size-that would grow to the
allowable crack size in the next 18 month fuel cycle.
From Figure 5.14 for weld 28B-15, a crack size of 29%
would grow to the allowable of 63% in 18 months. Thus,
the currently allowable crack size is 29%, which is 1.25
times the largest measured crack size., The predicted
crack growth for all nine UT indications are tabulated

in Table 5.5.

The results tabulated in Table 5.5 are very ccnservative
due tc the conservative methoa used in the crack growth
calculation., One of the largest ccnservatisms is the
use of an edge cricked plate nccdel instead of an inside
diameter crack cylinder model. Repeating the above
crack growth analysis for weld 28B-15 with an inside
diameter cracked cylinder model results in a time of
approximately 320 months before the crack would grow to
the allowable size or alternately a currently allowable

size which is more than 2.5 times the measured crack

size.
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5.3.2 24 Inch RHR Piping

One weld (24BR-11) in the 24 ianch diameter RHR Piping
nas reportable UT indications. The weld with reportable
UT indications is a pipe-to-elbow weld. The UT indica-
tions are circumferentially oriented. The flaws are
tabulated in Table 1.1 and their location is shown in

Figure 1l.1.

The allowable crack depth for weld 24BR-11 was deter-
mined based on Reference 2 to be _of the pipe wall

*hickness.

The predi-ted crack grawth ot weld 24BP-14 was
calculated using the m2tnoa described in Section

5.3.1l. The results are tabulated in Table 5.5.
5.3.3 20 Inch RHR Piping

Two welds in the 20 inch diameter RHR Piping have
reportable UT indications. Both of the welds with
reportable UT indications are pipe-to-elbow welds. All
UT indications are circumferentially oriented. The
flaws are tabulated in Table 1.1 and their location is

shown in Figure 1.1.
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weld number 20RS-3 has the highest value of primary

stress and contains the largest UT indication. Thus,
the allowable crack depth for weld 20RS-3 will be
bounding for both of the crack indication locations in
tne 20 inch RHR Piping. The allowable crack depth for
weld 20RS-3 was determined based on Reference 2 to

be of the pipe wall thickness.
Tne predictea crack growth of both of the cracks were
calculated using the method described in Section

5.3.1, The results are tabulated in Table 5.5.

Effecc on Recirculation and RHR Systems

Installaticn of the weld overlay repairs caused a small
ameunt of radial and axial shrinkage underneath the
overlay. Based on measurements of the weld overlays,

the maximum axial shrinkage was inch.

The effects of the radial shrinkage are limited to the
region adjacent to and underneath the overlay. Based on
Reference 15, the stresses due to the radial shrinkage
are less than yield stress at distances greater than B
inches from the ends of the overlay. Weld residual
stresses are steady state secondary stresses and thus

are not limited by the ASME Code (Reference 1).
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The effect of the axial weld shrinkage on the
Recirculation and RHR Systems was evaluated with the
NUTECH computer program PISTAR (Reference 16) and the

piping model shown in Figure 5.15.

The measured axial shrinkage of all weld overlays were
imposed as boundary conditions on this model. Since the
ASME Code does not limit weld residual stress, all

stress indices were set equal to 1,0.

The maximum calculated stress was less than +« The
location of this stress is shown on Figure 5.12. Steady
state secondary stresses of are judged to have no

deleterious effect on the Recirculation or RHR Systems.
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[ EQUATIOM é%EEQL SECTION III
! S
CATEGORY | NuMBER 0R N8 ALLOWABLE
THICKNESS
S N/A N/A  |S, = 16,800 PSI

PRIMARY (9) 25,200 PSI
PRIMARY +
S ZCONDARY (10) 50,400 PSI
PEAK

CYCLE 1

cree 2 | (1) WA

CYCLE 3

USAGE

FACTOR N/A 1.0

(5 YR)

* THE FACTOR OF 5 IS THE CONSERVATIVELY ASSUMED

FATIGUE STRENGTH REDUCTION FACTOR.

Table 5.2
SAFE END CODE STRESS RESULTS

FGPC83.03-10
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EQUATION §$§2é2 SECTION III‘-
CATEGORY | NuMBER 0R NB ALLOWABLE
THICKNESS
S N/A N/A Sy * 14,400%*PST
PRIMARY (9) 21,600 PSI
PRIMARY +
seconoary | ‘19 - 43,200 PSI
PEAK
CYCLE 1
CYCLE 3
USAGE
FACTOR N/A 1.0
(5 YR)

* THE FACTOR OF 5 IS THE CONSERVATIVELY ASSUMED
FATIGUE STRENGTH REDUCTION FACTOR.

#*» | IMITING LOCATION IS IN THE 308L WELD OVERLAY.

FGPC83.03-11

Table 5.3
12" ELBOW CODE STRESS RESULTS
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- ACTUAL
EQUATION| STRESS SECTION III
CATEGORY | NuMBER 0R NB ALLOWABLE
THICKNESS
S N/A N/A Sy * 14,4007*PS1
PRIMARY (9) 21,600 PSI
PRIMARY +
SECONDARY (10) - 43,200 PSI
PEAK
CYCLE 1 1
cveee 2 | Y e
CYCLE 3
USAGE
FACTOR N/A 1.0
(5 YR)

* THE FACTOR OF 5 IS THE CONSERVATIVELY ASSUMED
FATIGUE STRENGTH REDUCTION FACTCR.

#* L IMITING LOCATION IS IN THE 308L WELD OVERLAY,

FGPC83.03-11

5.4

Table &8—2—

R 12" SLBOW CODE STRESS RESULTS
4
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Flaw Depth Margin

Number of Months

Weld Identification Allowable Current Required to Grow to
Number Current Allowable Flaw Depth Allowable Depth

2B31-1RC-28A-3 125 637 367 80

2B31-1RC-28A-4 17% 637 347 53

2B31-1RC-28A-7 8% 63% 377 110

2B31-1RC-28A-10 10% 63%

2B31-1RC-28B-3 152 637

2B31-1RC-28B-7 18% 63% 37% 59

2B31-1RC-28B-8 7% 637% 37% 118

2B31-1RC-28B-10 207 637 407 69

2B31-1RC-28B-15 237 637 297 26

2E11-1RHR-20RS-2 13%

2E11-1RHR-20RS-3 147

2E11-1RHR-24BR-11 187

Table 5.5

Crack Growth of Unrepaired Flaws

2
g
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margin between the crack length to produce 5.0 GPM
leakage and the critical crack length, and that this

margin increases with increasing pipe size.

Historical Experience

The above theories regarding crack detectability have
been borne out by experience. Indeed, of the
approximately 400 IGSCC incidents to date in BWR piping,
all have been detected by either UT or leakage, and none
have even come close to violating the structural

integrity of the piping (Reference 21).
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CRITICAL CRACK U

rOHINAL | S o LEAK (tn.) | LENGTH R (in.) | "¢
4" SCH 80 4.50 6.54 0.688
10" SCH 80 4.86 15.95 0.30S
24" SCH 80 4.97 35.79 0.139

Table 6.1

EFFECT OF PIPE SIZE ON THE RATIO OF THE CRACK LENGTH
FOR 5§ GPM LEAK RATE AND THE CRITICAL CRACK LENGTH
(ASSUMED STRESS 0 = Sp,/2)
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7.0 SUMMARY AND CONCLUSIONS

The evaluation of the repairs to the Recirculation
System reported herein shows that the resulting stress
levels are acceptable for ail design conditions. The
stress levels have been assessed from the standpoint of
load capacity of the components, fatigue, and the

resistance to crack growth.

Acceptance criteria for the analyses have been
established in Section 3.0 of this report which

demonstrate that:

1. There is no loss of design safety margin over that
provided by the current Code of Construction for
Class 1 piping and pressure vessels

(ASME Section III).

2. puring the design lifetime of each repair, the
observed cracks will not grow to the point where

the above safety margins would be exceeded.

Analyses have been performed and results are presented
which demonstrate that the unrepaired pipe welds and the
repaired welds satisfy these criteria by a large margin,

and that:
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1. The dqy%gn life of each repair is at least

five years.

2. The unrepaired flaws will not grow to an unaccep-

table size for at least the next fuel cycle.

Furthermore, it is concluded that the recent IGSCC
experienced in the Reactor Recirculation System at

Hatch 2 does not increase the probability of a design
basis pipe rupture at the plant. This conclusion
expressly considers the nature of the cracking which has
been repaired at Hatch 2, and the likeliood that other
similar cracking may have gone undetected. The
conclusion is based primarily on the extremely high
inherent toughness and ductility of the stainless steel
piping material; the tendency of cracks in such piping
to> grow through-wall and leak before affecting its
structural load carrying capacity (which indeed was the
case in the defects observed at Hatch 2); and the fact
that as cracks lengthen and are less likely to "leak-
before-break", they become more amenable to detection by

other NDE techniques such as UT and RT.
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