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1.0 INTRODUCT ION

This report summarizes evaluations performed by NUTECH
to assess weld overlay repairs and unrepaired flaws in
the Recirculation and Residual Heat Removal (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 safety margins to the weld. The
urrepaired welds which had UT examination inadications
have been shown by analysis to still have the original

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 wilil pe establ.sned 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" RHR pipe=-to-elbow welds,

GPC=07-102 Yol
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one 24" RHR pipe-to-elbow weld, and four 22" end cap=to-
header welds. As part of a program to verify UT sizing
techniques, Georgia Power Company elected to remove an
end cap with large UT indications for metallurgical
evaluation, and to install a new end cap in its place.
The 28", 24", and 20" welds were found to be acceptable
without repair. All other welds with indications as
shown in Table 1.1 were repaired with weld overlay
designs which are described and evaluated in this

report.

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 RHR and Recirculation system materials

are Type 304 stainless steel.

GPC-07-102 b
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Table 1.1

® %

E Z Identification of Observed UT Indications

S T weld ldentification Flaw Description

- - Numbe r L Orientation Maximum Depih Maximum Length Flaw Disposition

oNn
2B31-1RC-22AM~1 Circumferen’ial 42% @ wold overlay per Fig.
2B31-1RC-ZinM-4 Circumferential 19% 60" weld overlay per Fig.
2B31-1RC-22BM~1 Circumferential 40% 25-1/2" weld overlay per Fig.
2B31-1RC-22BM-4 Circumferential 374 360° Replace End Cap
2831-1RC-28A-3 Circumferential 12% 5-1/2" Acceptable by analysis
2831-1RC-28A-4 Circumferential i7% 360° Acceptable by analysis
2B31-1RC-28A-7 Circumferential 8% 360° Acceptable by analysis
2B31-1RC-28A-10 Circumferential 10% 1-1/2" Acceptable by analysis

4 2931-1RC~28B-3 Circumferential 15% 360° Acceptable by analysis

= 2B31-1RC-28B-7 Circumferential 18% 360° Acceptable by analysis
2831-1RC-28B-8 Circumferential 7% 360° Acceptable by analysis
2B31-1RC-28B~-10 Circumferential 20% 360° Acceptable by analysis
2B31-1RC-28B~-15 Circumferential 23% 360¢ Acceptable by analysis
2E11-1RHR-20RS~-2 Circumferantial 13 360° Acceptible by analysis
2E11-1RHR-20RS -3 Circumferential 14% 360° Acceptable by analysis
2E11-1RHR-24BR~-11 Circumferential 18% 10-9/16" Acceptable by analysis
2831-1RC-12BR-A~3 Circumferential 25% 360° Weld Overlay per Fig.
2B31-1RC-12BR~-B~-2 Circumferential 26% 360° weld Overlay per Fig.
2B31-1RC-12BR-B-3 Circumferential 22% 360° Weld Overlay per Fig.
2B31-1RC~-12BR-B-4 Circunferential 23% 360° weld Overlay per Fig.
2B31-1RC-12BR-C-2 Circumferential 28% 360° We!d Overlay per Fig.

nu
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weld Identification

Identification of Observed UT Indications

Table 1.1

(Continued)

Flaw Description

Number Orientation Maximum Depth Maximum Length Flaw Disposition
2B31-1RC~-12BR-C-3 Circumfarential 30% 360° Weld Overlay per Fig.
2B31-1RC-12BR-C-4 Circumferential 32% 360° Weld Overlay per Fig.
2B31-1RC-12BR-D-2 Circumferential 14% 360° Weld Overlay per Fig.
2B31-1RC-12BR-D-3 Circumferential 17% 360° Weld Overlay per Fig.
2B31-1RC~12BR-E-3 Circumferential 22% 360°* Weld Overlay per Fig.
2B31-1RC~-12BR-E-3A Circumferential 21% 360° Weld Overlay per Fig.
2B31-1RC-12BR-E-4 Circumferential 18% 360° wWeld Overlay per Fig.
2B31-1RC-12AR-F-2 Circumferential 25% 360° Weld Overlay per Fig.
2B31-1RC-12AR-F-3 Circumferential 10% 360°* Weld Overlay per Fig.
2B31-1RC-12AR-G-2 Circumferential 14% 360° Weld Overlay per Fig.
2B31-1RC~-12AR-G-3 Circumferential 15% 360° Weld Overlay per Fig.
2B31-1RC-12AR-H~-2 Circumferential 10% 360° Weld Overlay per Fig.
2B31-1RC~12AR-H-3 Circumferential 30% 360°* Weld Overlay per Fig.
2B31-1RC-12AR~-J~-2 Circumferential 23% 360° Weld Overlay per Fig.
2B31~-1RC~12AR-J-3 Circumferential 36% 360° Weld Overlay per Fig.
2B31-1RC-12AR-J~4 Circumferential 28% 360° Weld Overlay per Fig.
2B31-1RC-12AR-K-2 Circumferential 19% 360° Weld Overlay per Fig.
2B31~-1RC-12AR-K-3 Circumferential (33 360* Weld Overlay per Fig.

2.2
2.2
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288-7
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LOOP A

28A-10 - FGPC83.03-01

Figure 1.1
CONCEPTUAL DRAWING OF RECIRCULATION SYSTEM



2.0

REPAIR DESCRIPTION

The indications in the pipe side of the safe ends, 12"
elbows, 12" pipes, and three of the four end cap weld
heat-affected zones have Lkeen repaired by establishing
additional "cast-in-place" pipe wall thickness from
weld metal deposited 360 degrees around and t5 either
side of the existing weld, as shown in Figures 2.1
through 2.,3. The fourth end cap was cut off and
replaced with a new end cap. The weld-deposited band
over the cracks will provide wall thickness equal to
that required to provide the original design safety
margins. In addition, the weld metal deposition will
produce a favorable compressive residual stress
pattern. The deposited weld metal will be type 308L
stainless steel, which is resistant to propagation of

IGSCC cracks.

The non-destructive examination of the weld overlays

consisted of:

1) Surface examination of the completed weld overlay
by the liquid penetrant examination technique in

accordance with ASME Sectisn XI.

GPC-07-102 0y |
Revision 0




2) Volumetric examination of the completed weld

overlay by the ultrasonic examination technigue in

accordance with ASME Section XI.

3) Volumetric baseline examination of the weld overlay
and existing circumferential pipe weld by the
ultrasonic examination technique in accordance with

ASME Section XI.

GPC~-07-102 b %
Revision O
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AS WELDED SURFACE .
TYPE 308L

ACCEPTABLE FOR
TRANSITIONS \ 2.25" v

T : & MIN

0.20” MIN
1 / 45° TYP

TP 775 N\

L

1
L

-12.75" DIA (REF)

FGPC83.,0302

Figure 2.1

STANDARD OVERLAY DESIGN 12” RECIRCULATION PIPING
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EVALUATION CRITERIA

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 Code, 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. 1In addition, because of the IGSCC
conditions that led to the need for repairs,
resistant materials have been selected for

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
Revision O




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:

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

overlay repairs was performed.

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.

Fatigue Evaluation

The stress valiues obiained from the above strength
valuation were combined with thermal and other
secondary stress condition > demonstrate adequate

fatigue resistanc ;or the design

The criteria for fatigue evaluation




a

The maximum range of primary pl
was compared to the secondary

Reference 1.

The peak alternating stress intensity, including
all primary and secondary stress terms, and a

fatigue strength reduction factor of 5.0 to account

for the existing crack underneath weld overlays,

was evaluated using conventional fatigue analys's
techniques. The total fatigue usage factor,
defined as the sum of the ratios of applied number
of cycles to allowable number of cycles at each
stress level, must be less than 1.0 for the design
life of each repair. Allowable number of cycles
was determined from the stainless steel fatigu

1

curve of Reference 1,

Growth Evaluation

(cyclic stress)

calcul

depth was established

section limit load for each cracked and

(Reference 2). The design life of each




minimum

Unrepaired Flaw Evaluation

Crack growth due toO both fatigue

and IGSCC (steady state stress)
crack depth was established
net section collapse load £« th ac

{

(Reeierence 2).

The life of the unrepaired

established as he time

»




The loads considered in the evaluation of the repaired,
replaced and unrepaired welds were mechanical loads,

internal pressure, differential thermal expansion loads,
and welding residual stresses., The mechanical loads and
internal pressures used in the analysis are described in

Section 4.1, and an explanation of the thermal transient

conditions which cause differential thermal expansion

loads is presented in Section 4.2. Welding residual

stresses are considered in the crack growth analyses and

are discussed in Sections 5.1 and 5.4.

Mechanical and Internal Pressure Loads

The desiygn pressures of 1450 p=i pump discharge and
psi for the pump suction portions

system were obtained from Reference

and seismic loads applied to each weld were also
obtained from Reference 3. The design stresses fo

RHR system were obtained from Reference 4.




Thermal

The thermal expansion loads for each weld were obtained
from Reference 3 for the Recirculation system and from
Reference 4 for the RHR system., Reference 5

several types of transients for which the Hatch 1
Recirculation and RHR systems were designed., It is
assumed in this report that the Hatch 1 and Hatch 2
design transients are similar. These transients were
conservatively grouped into three composite

transients. The first composite transient is a
startup/shutdown transient with a heatup or cool down
rate of 100°F per hour. The second composite transient
consists of a 50°F step temperature change with no

change in pressure. The third composite transient is an

emergency event with a 416°F step temperature change and

a pressure change of 1325 psi. In the five year overlay
design life, there are 38 startup/shutdown cycles, 2
small temperature change cycles, and one emergency

cycle,




EVALUATION METHODS

The evaluation of the welds consisted of a code stiress
analysis per Section III (Reference 1) and a fracture

mechanics evaluation per Section XI (Reference 6).

Weld Residual Stress Calculation and Measurement

Residual Stress Calculation

The residual stresses that exist in the weld heat-
affected zone after application of the weld overlays
were calculated using the methodology of Reference 7 for

each repair geometry.,

The analysis consists of four

Temperature analysis the original but
weld,

Residual SS & ysi original butt
weld.

Temperature analiysis for welding

Residual stress analysis for the
d

The temperature analysis

point source moving in

GPC-07-102
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sclid. Boundary conditions are imposed by superimposing
auxiliary heat sources to g¢give insulated pipe

surfaces. The temperature profiles generated for each
weld pass, both in the heating and cooling phases, then
serve as input to the finite elemint residual stress
analysis model. The welding parameters assumed for the
analysis of the original butt welds are shown in Table
5.1 (Reference 8), and are representative of those used
in practice. The weld overlay parameters are also shown

in Table 5.1.

The residual stress analyses utilize axisymmetric finite
element models. Material properties are temperature
dependent and the stress-strain behavior is elastic-
plastic. Elastic unlocading is allowed from a yielded
element. Deformation and stress profiles are computed

at selected steps during welding.

An axisymmetric finite element mesh was generated for

each stroess analysis. The stress analysis uses tempera-

ture dependent material properties and a bilinear stress
strain curve., The Prandtl-Reuss equations for
City are used. Residual forces are applied

of each incremental solution.

heating or cooling phase, a




matrix is made to take into account the non-proportional

loading due to an abrupt change in the load path.

Because of the results of previous analyses,

is not includec¢ in the models. 1Inclusion of a 40%
pipe wall thickness, 360° crack with a small axial
length has been shown to have little effect on the
residual stress pattern. Furthermore, inclusion of a
crack produces results which are physically unrealistic:

the crack surfaces tend to move through each other, To

correctly model a crack, a finite element type allowing

only compression would e required

The transient thermal loading from the welding process
was imposed on the structural model hy applying th
temperature distributions from the thermal analysis in

several piecewise linear changes.

Using the above method and mode 1@ residual
discributions due to the original butt welds we
calculated and used as input tc the residual stress
analysis of the overlay welds.

The resulting axial

affected zone due to

Figures 5.1 through

GPC-07-102
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5.1.2

that the weld overlay produces significant axial
compressive stress in the criginal pipe cross section.
These stress profiles will prevent or mitigate the
growth of cracks, as shown in Section 5.2. Only axial
residual stress profiles are presented, since all of the

observed cracks are circumferentially oriented.

Residual Stress Measurements

In order to empirically confirm the analytical residual
stress calculations described above, Georgia Power
Company is planning to conduct a test program to measure
the effect that application of a weld overlay has on
residual stresses. This test program is described in

detail in References 9 and 10.

The test will attempt to monitor temperatures and
stresses (via thermocouples and strain gages) at
various locations on a 12" stainless steel pipe during

application of a weld overlay.

The results will be compared with the analytical

predictions similar to those described in Section 5.1.1.

GPC-07-102 5.4
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$5.2 Weld Repair and Evaluation

T P | 12" Recirculation Inlet Safe End Evaluation

UT indications were detected in the heat-affected zones
on the pipe side of the weld between four recirculation
inlet safe ends and the recirculation piping. Three of
the indications had maximum depths of less than 30% of
the wall thickness. The mini overlay shown in

Figure 2.2 was used to repair these locations. The
12BR-C-4 weld had an indication with a maximum depth of
32% of the wall thickness (see Table l.l1). The standard
overlay shown in Figure 2.1 was used to repair this

location.
5.2.1.1 Ccde Stress Analysis

The ASME Code stress analyses of the four repaired safe
end welds were performed with ANSYS (Reference 11)
finite element models. The models were based on the
design minimum overlay thicknesses of 0,20 inch and
0.125 inch (standard and mini, respectively). Figures
5.7 and 5.8 show the models. The stresses in the
overlaid safe ends due to design pressure and applied
moments (Sections 4.1 and 4.2) were calculated with the

finite element models.

GPC-07-102 $:5
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The weld overlay thermal model was taken to be
axisymmetrical (Figure 5.9). 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 12. 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 use in the fatigue crack
growth analysis was calculated as follows:

(Reference 1)

Ea AT]. Fa AT

2
¢ II=v * 1I=

Where:

3 = 28.3 x 10° psi (Young's Modulus)
a - 9.11 x 10-6ep~!

(Coefficient of Thermal Expansion)

&rl = Equivalent Linear Temperature Difference (°F)
ar, = Peak Temperature Difference (°F)
GPC~07-102 5.6
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5.2.1.2

The values of url, srz, and ¢ are given in Table 5.2 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 5.3. The allowable stress values from Reference 1
are also given. The weld overlay repairs satisfy the

Reference 1 requirements.

A conservative fatigue analysis per Reference 1 was
performed. 1In addition to the stress intensification
factors required per Reference 1, an additional fatigue
strength reduction factor of 5.0 was applied due to the
crack. The fatigue usage factor was then calculated
assuming 38 startups, 25 small temperature change cycles
and one emergency cycle every five years. The results

are summarized in Table 5.3.

Fracture Mechanics Evaluation

Three types of fracture mechanics evaluations were
performed. The allowable crack depth was calculated
based on Reference 2. Crack growth due toc both fatigue
and IGSCC was calculated using the NUTECH computer
program NUTCRAK (Refererce 13) witi. material constants

and methodology from References 14 and 15, Finally, the
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ultimate margin to failure for a crack assumed to
propagate all the way through the original pipe material
to the weld overlay was calculated per References 16

and 17.

The allowable crack depth for a 360° circumferential
crack in the overlaid welds was determined based on
Reference 2. The allowable crack depth is 46% oi the
mini-weld overlaid thickness, and is 57% of the standard
weld overlaid thickness. Thus, the allowable crack
depth for a 360° circumferential crack in a location
with a mini-weld overlay is 0.34 inch, and in a location

with a standard weld overlay is 0.50 inch.

The existing cracks could grow due to both fatigue and
stress corrosion. Fatigue crack growth due to the three
types of thermal transients defined in .estion 4.2 was
calculated using the material properties from

Reference 14. The fatigue cycles considered are shown
in Figure 5.10. The fatigue crack growth for 5 years

was calculated to be less than 0,01 inch.

IGSCC crack growth was calculatec¢ using the overlay
residual stress distributions shown in Figures 5.1 and

5.2 and the upper bound crack growth law for weld-
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sensitized stainless steel (Figure 5.11). The steady
state loads of pressure, dead weight, thermal expansion
and axial weld shrinkage (Section 5.4) were also

applied. The results are shown in Figure 5.12,

Inspection of Figure 5.12 will show that the maximum
depth achieved after five years by a 360° circum-
ferential crack is approximately 0.23 inch, which is

well below the allowable size.

Thus, the safe end weld overlay designs are acceptable

for at least five years.

5.2.1.3 Tearing Modulus

The largest size to which the existing crack could
reasonably be expected to grow was postulated to be a
360° circumferential crack of depth equal to that given
in Section 5.2.1.2. A tearing modulus evaluation was
then performed for this postulated crack. The applied

loads were pressure, weight, and seismic.

The evaluation was performed using the methodology of

Reference 1¢ with material properties from Reference 17.
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The postulated flaw and the results are shown in

Figure 5.13. 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 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 5.13 shows that the predicted failure load is in
excess of 4 times the normal applied loads. Thus, there
is a safety factor on normal loads (including OBE
seismic) c¢f at least 4, which is well in excess of the
safety factor inherent in the ASME Code, even in the

presence of this worst case assumed crack.

12" Elbow and Pipe-to-Pipe Evaluation

The heat-affected zone of the weld between eighteen
recirculation inlet elbow and risers have UT indica-
tions. 1In 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 1l.1. Eighteen of the nineteen welds were repaired
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with the mini-overlay design (Figure 2.2) and one elbow
weld, 12BR-C-3, was repaired with the standarad overlay

design (Figure 2.1).

5.2.2.1 Code Stress Analysis

Analyses of the standard weld overlay and mini-weld
overlay designs (Figures 2.1 and 2.2) for the 12" elbows
were based on an ANSYS three dimensional finite element
model (Figure 5.14). This model was used to develop
correlation equations for axisymmetric models of 12"
elbows. Axisymmetric models of both overlay designs
were developed using the BOSOR4 finite element program
(Reference 23). A representative model (standard
overlay) is shown in Figure 5.15. The BOSUR4 results
were factored to account for the three dimensional

effects.

The stress in the overlaid elbow due to design pressure
and applied moments as described in Sections 4.1 and 4.2
was calculated with the finite element models. The
thermal analysis was performed in the same manner as for
the safe end (Section 5.2.1), with apprepriate

dimensional changes.
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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 weld overlay

repairs satisfy the Reference 1 requirements.,

A conservative fatigue analysis per Reference 1 was
performed. A fatigue strength reduction factor of 5.0
was applied due to the crack. The fatigue usage factor
was then calculated assuming 38 startups, 25 small
temperature change cycles and one emergency cycle every

5 years. The results are summarized in Table 5.4.
5.2.2.2 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 13) with material constants
and methodology from References 14 and 15. Finally, the
ultimate margin to failure for the assumed crack was

calculated per References 16 and 17.

The allowable crack depth for a 36U° circumferential
crack in the repaired welds was determined based upon

Reference 2. The allowable crack depth for a 360° crack
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with a standard overlay thickness of 0.20 inch is 0.50
inch. The allowable crack depth for a 360° crack with a

mini-overlay thickness of 0.125 inch is 0.34 inch.

IGSCC crack growth was calculated using the overlay
residual stress patterns shown in Figures 5.3 and 5.4.
The steady state loads of pressure, dead weight, thermal
expansion and axial weld shrinkage (Section 5.4) were
also applied. The results are shown in Figure 5.16,.

The fatigue crack growth due to five years of the cycles
shown in Figure 5.10 is less than 0.01 inch. Inspection
of Figure 5.16 will show that maximum crack depth after
five years is predicted to be 0.22 which is less than
the allowable crack depth. The weld overlay repairs are

therefore acceptable for at least 5 years.

5.2.2.3 Tearing Modulus

A tearing modulus evaluation was performed for a 360°
crack of depth equal to that calculated above. The
normal operating loads of OBE seismic, pressure, and

dead weight were applied.

The evaluation was performed using the methodology of
Reference 16 with material properties from

Reference 17. The postulated flaw and the results ¢ e
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shown in Figure 5.17. 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 results in epplied J-T
combinations moving up this line, and unstable fracture
is predicted at the intersection of this applied loading

line with the material resist:-nce line.

Figure 5.17 shows that the predicted failure load is in
excess of 4 times the normal operating loads. Thus,
there is a safety factor on normal operating loads,
including OBE seismic, of at least 4, which is in excess
of the safety factor inherent in the ASYME Code, even in

the presence of this worst case assumed crack.

- T 22" End Cap Repair Evaluation

The heat-affected zones of four of the welds between the
22" pipe and the end cap have several circumferential UT
indications. The largest of the indications was
estimat.d to have a depth of a2pproximately 42% percent
of the wall thickness. Although at least one of the end
cap welds could have been shown to be acceptable without
repair, Georgia Power Company conservatively decided to

repair or replace all four welds.
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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 5.18. The stress in the end cap due to design
pressure as described in Section 4.1 was calculated with
the finit- element model. The thermal analysis was
performed in the same manner as for the safe end

(Section 5.2.1), with appropriate dim 'nsional changes.

The results of a Ccde stress analysis per Reference 1
are given in Table 5.5. 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 Rel{z2rence 1 was
performed., A fatigue strength reduction factor of 5.0
was applied due to the assumed crack. The fatigue usage
factor was then calculated assuming 38 startups, 25
small temperature change cycles and one emergency cycle

every five years. The results are summarized in Table

5.5.
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Fracture Mecnanics 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 (Peference 13) with material constants
and methodology from References 14 and 15. Finally, the
ultimate margin to failure for the assumed crack was

calculated per References 16 and 17.

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
14. The fatigue crack growth for five years of the
cycles shown in Figure 5.10 was calculated to be less

than 0.01 inch.

IGSCC crack growth was calculated using the upper
bound crack growth law shown in Figure 5.5. The
residuzl stress was based on both the original butt
weld residual stress and that due to the overlay as
shown in Figure 5.5. The crack growth analysis was
performed with the NUTECH computer program NUTCRAK

(Reference 13). Crack growth as a function of time is
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5.2.3.3

shown in Figure 5.19. Inspection of Figure 5.19 will

show that maximum crack depth after five years is
predicted to be 0.48 inch which is well below the

allowable of 0.¢9 inches.

The end cap weld overlay repair is acceptable for at

least 5 years.

Tearing Modulus

A tearing modulus evaluation vas performed tor a 360°
crack of depth egqual o that calculated in Section
5.2.3.2. The normal operating loads of OBE seismic,
pressure, and dead weight were applied. The evaluation
was performed using the methodology of Reference 16 with

material properties from Reference 17.

The postulated flaw and the results are shown in

Figure 5.20. 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 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.
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5.2.4

Figure 5.20 shows that the predicted failure lnad is in
excess of 4 times the normal operating locads. Thus,
there is a safety factor on normal operating loads.
including U2E seismic, of at least 4, which 1s in excess
of the safety factor inherent in the ASME Cod=, even in

the presence of this worst case assumed crack.

End Cap Replacement Evaluation

The BM-4 end cap could have been repaired with a weld
overlay. However, Georgia Power Company chose (o remove
and metallurgically examine it. The =¥-4 end cap a3s
replaced with an end cap of simila design which was
fabricated fxom the same material (30« stainl=3s steel)
as the original end cap. The replacement end cap was

welded with water-backed (heat sink) welding.

A welding residual stress analysis using tha method
described in Reference 7 was performed. The actual
welding parameters used in the end cap f@gla:crent were
used in the analysis. The resulting residial stress
distributions are shown in Figure 5.6. Tnspection of
Figure 5.6 shows that both the axial and hoGp residual
stress on the inside surface of the weld heat-affected

zones are cosipressive The new end cap <esiyn is
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therefor: significantly more resistant to [GSCC than the

original end cap design.

The new end cap is equivalent to the original end cap in
all aspects except its resistance to IGSCC, which is

superior. Thus the replacement end cap is acceptable,

5.3 Evaluation of Unrepaired ilaws

UT examination of the large diamater piping of the
Recirculation and KEP systems st Hatch 2 %as revealed
twelve welds which have reportable indications. Nine of
the welds with reportable indications are in the 28"
Recirculation piping, one is in the 24" RHR piping, and
two are in the 20" RHR piping. The location of each of
these indications is shown in figure 1,1, All of these

indications ar: circumferentially oriented.

IGSCC crack growth in large diameter piping is different
than "GSCC crack growth in small diameter piping due to
a signiffiZaint difference in tiae orig nal butt weld
residial a‘ial stress. 1In large diameter piping, there
is a significant portioun of th- pige thickness near the
inside ourfare which is in c=mpressior as shown in
Figure 5.21. Typically in small diam&ter piping, the

inside one-half of the pipc thi-kness experiences axial
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5.3.1

residual tensile stress. Thus, shallow circumferentiai
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 larg>

diameter Recirculation and RHR piping.
28" Recirculation Piping

Nine welds in the 28" Recirculatior pfping have
reportable UT indicat’ons. All the welds with
reportable UT indications are pipe-to-elbow welds. All
UT indications are circumferentia.ly oriented., The
flaws are tabulated in Table 1.1 and their location is

shown in Figure 1l.i.

Weld number 28B-15 has the highest value of primary
stress and contains the largest UT indication. 7Thus,
the allowable crack depth for weld 28B-15 will b«
bounding for any of the crack indication locaticns in
the 28" Recirculation piping. The allowable crack deptn
for weld 28B~15 was determined based on the primafly
stress values from Reference 3, and on the method ir

Reference 2.

M
Pa* P *3
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where:

P = Design Pressure = 145U psi

R = Qutside Radius = 14,0 inches

T = As-built "c" Dimension Thickaness = 1,384 inches
M = Bending Moment due to Dead Weight and OBE

M = M + M = 448,920 inch=pounds

where:

My *= Mpwi = MoBei
Mpwi = Dead Weight Moment about Axis i

MOoBEi = OBE Moment ebout Axis ?
YA = Section Modulus = 734. inches3
s0:

Pp * P = 7945 psi

The stress ratio may be determined as:

P + P
. m b 7945 =
Stress Ratio = Sm - 16,800 0.47
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From Reference 2 for a 360° circumferential crack, the
allowable d2pth is greated than 63% of tle pipe
thickness. (The table in Reference 2 does not have
allowable depths for stress ratios less than 0.6.)
Based on 2 three-dimensional finite element analysis of
a 28" elbow-to-pipe joint, no stress intensification

factor is included in the above calculation for Py + P,.

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

) Crack growth mode !

5) Crack growth law

The approach was to use conservative input for applied
stress, residual stress, crack growth nodel and crack
growth law. Thus, the result of the esnalysis is a very

f conservative prediction of crack size versus time.

The steady state mcments at each crack location due to
operating pressure, dead weight and thermal expansion
were obta.i.ed from Reference 3. In additic.a, the moment

due to the axial weld shrinkage of the overlays

GPC-07~102 5.22
Revision 0

nutech




(Section 5.4) was added to the other steady state
moments. The steady state stresses were then calculated
based on design minimum weld preparation wall thickness
("C" dimension) at each specific location, as described

above,

The weld residual stress was obtained from a set of
NUTECH standard residual stress curves (Reference 18).
The residual axial stress curve for large bore piping
from Reference 18 is shown in Figure 5.21., 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.

The crack growth law is the upper bound law from

Reference 14 and is given below (Figure 5.11):

da

22 = 4.116 x 10712 g4.615
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where:

da = Differential crack size
dT = Differential time

K = Applied stress intensity factor

The crack growth model is a linear interpolation beiween
an inside diameter (I.D.) cracked cylinder and an edge-
cracked plate. The magnification factors for both an
I.D. cracked cylinder with T/R = 0.1 and an edge-cracxed
plate (T/R = 0.0) were obtained from Reference 19. It
was conservatively assumed that each maygnification
factor for 0 < T/R £ 0.1 could be obtained by linear
interpolation between T/R = 0 and T/R = 0.1. The value
of T/R for weld 28B-15 is T/R = 1.384/14 = 0,099 while
the smaliiest value of T/R for any of the unrepaired 28"

welds is T/R = 1.089/14 = 0,078 (for weld 28a-4).

The predicted crack growth of each of the nine cracked
welds was calculated with the NUTECH computer program
NUTCRAK (Reference 13). Figure 5.22 is a plot of the
stress intensity factor for both applied and residual
stresses versus crack depth for weld 28B-15 which has
the largest flaw at present., Figure .23 is a plot Gf
the predicted crack depth as a function of time for weld

28B-15. Examination of Figure 5.23 will show that the
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UT indication will not grow to the allowable size for at

least 290 months.

Ancther way of expressing the same margir is to
determine the crack size that would grow to the
allowable crack size in the next 18 month fuel cycle.,
From Figure 5.23 for weld 28B-15, a crack size of 60%
would grow to the allowable of 63% in 18 months. Thus,
the currently allowable crack size is 60%, which is 2.5
times the largest measured crack size. The predicted
crack growth for all nine UT indications are tabulated
in Table 5.6. 1Inspection of Table 5.6 shows that none
of the nine unrepaired indications will grow to the
allowable size in less than 5 years. The crack which is
predicted to grow to the allowable size in the shortest
time is in wela 28A-4. [his crack could grow to the
allowable size in 218 months. Alte:natively, the
allowable present flaw depth in weld 28A-4 is 55%, while

the measured depth is 17%.

5.3.2 24" RHR Piping
One weld (24B-R-11) in the 24" RHR piping has reportable
UT indications. The weld with reporcable UT indicaticans
is a pipe-to-elbow weld, The UT indications are
GPC-07-102 5.25

Revision 0

nutech



circumferentially oriented. The flaws are tabulated in

Table 1.1 and their location is shown in Figure 1.1.

The allowable crack depth for weld 24B-R~11 was deter-
mined based on the method in Section 5.3.1 to be 63% of
the pipe wall thickness.,

The predicted crack growth of weld 24B-R-.l1 was
calculated using the method described in Section
5.3.1. The results are tabulated in Table 5.6. The
indication in the 24" piping will not grow to the

allowable size in less than 5 years.

5.3.3 20" RHR Piping

Two welds in the 20" 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.

Weld number 20RS-3 has the highest value of primary
stress and contains the largest Ui indication. Thus,
the allowable crack depth for weld 20RS-3 will be
bounding for both of the crack indication locations in

the 20" RHR piping. The allowable crack depth for weld
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5.4

20RS~-3 was determined based on the method in Section

5.3.1 to be 63% of the pipe wall thickness.

The predicted crack growth for each of the cracks was
calculated using the method described in Section

5.3.1. The results are tabulated in Table 5.6, Neither
indication in 20" piping will grow to the allowable size

in less than 5 years.

Effect on Recirculation and RHR Systems

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

the maximum axial shrinkage was 0.23 inch.

The effects of the radial shrinkage are limited to the
region adjacent to and underneath the overlay. Based on
Reference 20, the stresses due to the radial shrinkage
are less than yield stress at distances greater than 4"
from the ends of the overlay. Weld residual stresses
are steady state secondary stresses and thus are nct

limited by the ASME Code (Reference 1).
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The effect of the axial weld shrinkage on the
Recirculation and RHR systems we- evaluated with the
NUTECH computer program PISTAR (Reference 21) and the

piping model shown in Figure 5.24.

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

stress ind’ces were set eqgual to 1.0.

The maximum calculated ctress was 4,3 ksi. The location
of this stress is shown or Figure 5.24., Steady state
secondary stresses of 4.3 ks. are judged to have no

deleterious effect on the Recirculation or RHR systems.

1 The actual shrinkage values for welds C-4, E-3A and E-4
(Figure 1.1) were not available, Therefore, the average axial
shrinkage of the other twenty weld overlays on 12" pip2 was
used for these three welds. The average axial shrinkage is
0.11 inch.
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Table 5.1

WELDING PARAMETERS

Energy Input Welding Speed
Case Location (KJ/in.) (in/min.)
Original
Butt Weld
End Cap Root 9.5 3
End Cap Fill 34.3 6
12" Pipe & Safe End
Layer 1 20.0 3
» 2 35.0 6
" 3 40.0 6
v B 40.0 6
" 5 45.0 6
Replacement
Butt Weld
End Cap Root 39.38 2
End Cap Fill iy P | 3.3
wWeld
Overlays
All 23.52 3
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SMALL
;ﬁﬁgﬁﬁb TEMPERATURE | EMERGENCY
PARAMETER CYCLE CHANGE CYCLE
. CYCLE
(CYCLE 1) | (CYCLE 2) | (CYCLE 3)
EQUIVALENT 2°F 32°F 265°F
LINEAR
TEMPERATURE
AT
1
PEAK 0 8°F 64°F
TEMPERATURE
aT,
THROUGH 368 PSI 8,840 PSI | 72,370 psI
WALL THERMAL
STRESS ¢
FGPC83,03-29
Table 5.2

THERMAL STRESS RESULTS
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ACTUAL
. STRESS
EQUATION SECTION III
CATEGORY CR NE ALLOWA
NUMBER 5. LLOWABLE
FACTOR
S N/A N/A Sy ® 16,700 PSI
PRIMARY (9) 10,200 PSI| 25,050 PSi
PRIMARY +| .
SECONDARY (10) 26,300 PSI 50,100 PSI
Pere (37,300)5
CYCLE 1 - *
cycLe 2 | (1) |(13,000)5+ N/A
CYCLE 3 (143,300)5*
USAGE
FACTOR N/A 0.049 1.0
(5 YR) L

* THE FACTOR OF § IS THE CONSERVATIVELY ASSUMED

FATIGUE STRENGTH REDUCTION FACTOR.

Table 5.3

£GPC83.03-10

SAFE END CODE STRESS RESULTS
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ACTUAL
STRESS :
EQUATION SECTION 171
CATEGORY OR
NUMBER | cpoe | NB ALLOWABLE
FACTOR
s N/A N/A |S, = 16,700 PSI
PRIMARY | (9) |9.600 PSI| 25,050 PSI
PRIMARY + ,
seconoARy | (1G)  [25,200 PSI) 50,100 PSI
PEAK :
CYCLE 1 (20,300)5*
eree 2 | () (13,3005 e
CYCLE 3 (126,200)5*
!JSAGE
FACTOR N/A 0.024 1.0
(5 YR) |
5

* THE FACTOR OF 5 IS THE CONSERVATIVELY ASSUMED

FATIGUE STRENGTH REDUCTION FACTOR.

Table 5.4

FGPC83.03-11

12” ELBOW CODE STRESS RESULTS
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ACTUAL

STRESS
EQUATION SECTION III
CATEGORY CR NB ALLOWA
NUMBER USAGE LLOWABLE
FACTOR
S N/A N/A S, * 16,700 PSI
PRIMARY (39) 19,300 PSI 25,050 PSI
PRIMARY +
SECONDARY (10) 25,200 PSI 50,100 PSI
PEAK ,
CYCLE 1 (22,700)5*
cveee 2 | (M) [(13%000)5+ N/A
CYCLE 3 (129,700)5*
USAGE
FACTOR N/A 0.023 1.0
(5 YR)

* THE FACTOR OF 5 IS THE CONSERVATIVELY ASSUMED

FATIGUE STRENGTH REDUCTION FACTCR.

Table 5.5

FGPC83.03-30

SAFE END CODE STFESS RESULTS
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Table 5.6

Crack Growth of Unrepaired Flaws

Flaw Depth
weld Identification Allowable for
Numbe r Current 360° Crack
2831-1RC-28BA-3 12% 63%
2B31-1RC-28BA-4 17% 63%
2B31-1RC-28A~-7 8% 63%
2B31-1RC-28A-10 10% 63%
2B31-1RC-28B-3 15% 63%
2B31-1RC-28B-7 18% 63%
2831-1RC-28B-8 7% 63%
2B31-1RC-28B-10 20% 63%
2B31-1RC-28B~-15 23% 63%
2E11=-1RHR-20RS-2 13% 63%
2E11-1RHR-20RS-3 14% 63%
2E11-1RHR-24BR-11 18% 63%

Margin

Allowable Current
Flaw Depth

Number of Months
Required to Grow to
Allowable Depth

57%
55%
57%
58%
58%
57%
57%
59%
60%
56%

56%
6i%

293
218
332
349
359
264
347
384
290
248
256
574
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