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't summarizes evaluations performed by
5s weld overlay repairs and unrepaired flaws in
rculation and Residual Heat Removal (RHR)

at Georgia Power Company's Edwin I Hatch Nuclear

l. Weld rlay repairs have been applied to

and additional ultrasonic (UT)
pelieved to be indicative
corrosion cracking
the welds. The
furthe

safety margins to the weld.

examination
by analysis to continue to

et

ife of each weld cverlay repair is
les. The amount that the actual
11 be established

future a : d testing.

iling adjacent to
tion, crack

three end




welds, one elbow-to-pipe weld, one
one sweepolet-to-manifold weld.
t

-hese welds except the sweepolet-to-manifold weld

repaired ~with weld overlay ¢ evaluated in this

report. The analys ~f the unrepa.red sweepolet weld

also contained

1

elbcy, sweepolet and
to the reactor pressure

portions of the recirculation and RHR

the existing material is type 304
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END CAP WELD END CAP WEI
et 1} (BM-4) INDICATIONS IN INDICATIONS N
END CAP WELD END CAP WELU
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Fig:re 1.1
CONCEPTUAL DRAWING OF RECIRCULATION AND RHR SYSTEMS




_ZPAIR DESCRIPTION
cracks and other indi-cations around and
both sic of the existing end cap, pipe-to-pipe and
elbow weld heat-affected zones have been repaired by
tablishing additional "cast-in-place" pipe wall
ickness from weld metal depcsited 360 degrees around
either side of the existing weld, as shown in
2.2, and 2.3. The weld deposited band over
the acks will provide wall thickness equal to that

required to prcvide the original design safety

margins In addition, the weld metal deposition w.ll

produce a favorable compressive residual stress
>attern 1e deposited weld metal will be type 308L,

P

resistant to propagation of IGSCC cracks.
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Figure 2.2
SCHEMATIC OF ELBOW-TO-PIPE WELD OVERLAY
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/ALUATION CRITERIA

Weld Overlay Evaluation
lescribes the criteria that are applied in
1luate the acceptability of the weld

overlay rep 5 described in Section 2.0. Because of

the nature of these repairs, the geometric configuration

is not di >tly covered by Section II1 of the ASME
Boiler and Pressure Vessel Code, which is intended
iction. However, materials, fabrication
» and Quality Assurance requirements are in
accordance with appliicable sections of this Construction
the intent of the design criteria described
equivalent margins of safety for
iderations as provided in the
tion, because of
need for repairs,
selected for the

ensuring




Strength Evaluation

Adequacy of the stre of the weld overlay repairs

wlith

respect to applied mechanical loads is demonstrated

with the following criteria:

l.

An ASME Boiler and Pressure Vessel Code Section

o~

lass 1 (Reference 1) analysis of the weld

overlay repairs was performed.

d capacity of the repailrs was
tearing modulus analysis. The
load and applied loads was

n that required by

om the above strength
ch thermal and cther
trate adequate

each repair.




rhe maximum range of primary plus secondary stress
was compared to the secondary stress limits of

Reference 1.

The peak alternating stress intensity, including

all primary and secondary stress terms, and a
fatigue strength reducticn factor of 5.0 to account
for the existing crack, was evaluated using
~onventional fatigue analysis techniques. The
fatigue usage factor, defined as the sum of

ratios of applied number of cycles to allowable
number cycles at each stress level, must be less
than 1.0 for the design life of each repair.

s number of cycles was determined from

Evaluation

due to both fatigue
teady state s ress) was calculated.
allowable crack depth was established based on net
1

section limit load for each cracked and repaired weld

Reference 2). The design life




established as the minimum of either the predicted time
the observed crack to grow to the allowable crack

jepth or five years.

Flaw Evaluatio

growth due to
(steady state
wable crack d th was established based on the net

on limit lo: . he cracked sweepolet weld

polet weld with the observed flaw

time for the flaw to grow to the




loads considered in the evaluation of the swee
end cap, pipe-to-pipe and elbow welds consist of
mechanical loads, internal pressure, differential
therma’. exp¢nsion loads, and welding residual
mechanical loads and internal pressures

are described in Section 4.1, and

an explanation of the thermal transient conditions which

cause differential thermal e:xnansion loads is presented

in Section 4.2. Welcd.ng residual stresses are
s1derea in the crack growth analvses and are

scribed 1n Sections J,.1.2.2 and 5.2.2.2.

Mechanical and Internal

psi for the Recirculation
from Reference 3. The dead

pplied to ea




overlay repairs. Reference 3 defines several types of
transients that the Recirculation and RHR Systems are
lesigned for. These transients were conservatively

jrouped into three composite transients. The first

composite transient is a startup/shutdown transient with

a heatup cr cool down rate of 100°F per hour. The
second composite consists of a 50°F step
temperature with : in pressure. The third
composite transient is 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, 25 small temperature

change cycles, and 1 emergency cycle.




EVALUATION METHODS AND RESULTS

T™h

rhe evaluation cf the weld overlay repairs and the

unrepaired sweepolet weld consists of a code stress
analysis pe section III (Reference 1) and a fracturcs

mechanics evaluation per Section XI (Reference 5).

Evaluation

:nd cap welds with ultrasonic indications

with maximum
with maximum
with maximum

+h

wiTh maximum

axial, with a ] th « approxi-

overlays, porosity
Che A“_‘l, HV\'-@, dnd

the porosity were

The porosity
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to be
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5%

o~

through-wall axial crack

to be 360 degre around the

inch long on the end cap side of the

assumed crack geometry

1l observed cracks in the end

1 analyses were conserva-

ld nverlay thickness of

nt smaller than tne actual

0.275 inch. A finite

and wela overlaid region

(Reference 6) compur:r

he model.

thermal, weight and

lds are negligible. The

pressure of 1325 psi was

The weld overlay thermal
axisymmetrical
boundary was

distribuation

thermal

calicul




Reference 7. The

maximum through-wall

Lfference as determined to be less than 2°F

startup cycle, 40°F for the small

cycle and 329°F for the emergency transient.

maximum thermal stress for use in the fatigue crack

jrowth analysis was calculated

as follows: (weference 1)

5 Modulus

cient of Thermal Expansion)

r

L:near Temperature Difference

rature Difference

A Y
1 [;

AT ., and s are give in Table

al transients.

31s per Reference 1

stress vaiues [Or

nutech




Reference 1 are also giver The weld overlay repair

satisfies the Reference 1 requirementcs.

A conservacive fatigue analysis per Reference 1 was
performecd. In addition to the stress intensification
actors 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
suming 38 startups, 25 small temperature change cycles
one emergency cycle every five years. The results

summarized in Table 5.2.

acture Mechanics Evaluation

fracture mechanics
rmed. The allowable crack degth was calculated
Reference 2. Crack growth due to both fatigue
using the NUTECH computer

nce 8) wit material constants

from References 9 and 10. inally, the

imate margin to failure £ a crack assumed to




5.1.2.1 Allowable Crack Depth

The allowable depth for a 1/2 inch long axial crack was
determined usinjy Reference 2. The dimensions of the
repaired pipe were used. Thus, cthe ratio of applied
primary stress to Code allowahle stress (Sp) vas

calculated in the followir.. manner:

Stress Ratio = ma

Sm
P = 1325 psi (Design Pressure)
R = 11.20 inches (Outside Radius of Pipe)
t = 1.24 inches (Nominal ?ipe Thickness)
Sm = 16,800 psi (Reference 1)

Substitution yields:

Stress Ratio = .71

The nondimensional crack lergth (2) was calculaied in

the following manner:

GPC-04-104 18
Revision 0
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= f
2 3——-—-7—
(tt)l .
zf - i/2 inch
5 = 10.58 inches (mean radius of pipe)
t = 1.24 inches

Substitution yiclds:
Nondimensional Length = .14

Thus per Table IWB-3642-1 of Reference 2, the allowable

crack depth is 75 percent of the wall thickness.

S.1.2.2 Crack Growth

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

Reference 9. The fatigue cycles considered are shown in
Figure 5.3. The fatigue crack growth for 5 years was

calculated to be less than 0.05 inch.

GPC-04-104 19
Pevision C
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IGSCC growth depends on the total steady state stress.
The major contributor to the steady state stress is the
weld residual stress. The residual stress due to the
original butt weld was conservatively chosen to be a
worst case with through-wall bending stress of

30,000 psi with tension on the inside surface. The weld
residual stress due to the overlay was based on
preliminary results of a weld overlay optimization study
sponsored by the Electric Power Research Institute
(EPRI). The residual stress due to a weld overlay
depends on the size of the overlay and on whether the
direction of interest is hoop or axial. Figure 5.4
shows the hoop direction (axial cracks) residual stress
for the worst case without an overlay and for a 1/4

thickness overlay plus the wcrst case original residual

stress.

The IGSCC crack growth rate as a function of applied
stress intensity factor is shown in Figure 5.5. The
upper bound crack growth law of Figure 5.5 was used for

all analyses:

28 o 4.116 x 10"

12 _4.615
aT K

GPC-04-104 20
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where:

da = differential crack size
dT = differential time
K = applied stress intensity factor

Crack growth as a function of time was calculated by
conservatively assuming an infinitely long crack and
using the NUTECH computer code NUTCRAK (Reference 8).
The results are shown in Figure 5.6 for an initial crack
depth of 0.75 inch ( a/t = %:—Z,% = 0.60 ). Figure 5.6
shows that a 0.75 inch deep crack will grow to a depth
of approxima“ely 0.85 inch in five years when the

beneficial re:sidual stress due to the weld overlay is

considered.

The worst case for an end cap overlay occurs for the end
taps that have a crack completely through the original
pipe. The crack will not propagate into the overlay
w2ld material due to IGSCC but will grow approximaiely
0.05 inch due to fatigue in 5 years. Thus, the worst
case axial crack depth is 1.05 inch which is 82 percent
of as-built total wall thickness. Although the crack
depth after 5 years exceeds the Reference 2 allowable

depth by 7 percent of wall thickness, the weld overlay

GPC=-04-104 21
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design is judged to be acceptable for the following
reason. The allowable crack depths in Reference 2 were
not allowed to exceed 75% of the wall tnickness even
though net section collapse analysis would permit much
larger cracks for very short crack lengths. This
truncation is scmewhat artificial and could be
eliminated for short, almost through-wall cracks, if
leaks are prevented by a weld overlay. Elimination of
the truncation results is an allowable depth in excess
cof 82 percent. Thus, the overlav design is acceptable

for 5 years.

5.1.2.3 Tearing Modulus

The largest size to which the existing crack could
reasonably be expected to grow was postulated to be a
one inch radius flaw. This assumes growth of the crack
in the radial direction completely through the original
pipe material to the overlay. After such propagation,
the assumed crack would be completely surrounded by
IGSCC resistant material: the weld between end cap and
manifold, the weld overlay, and the end cap and
manifold. A tearing modulus evaluation was then

performed for this postulated crack. The only applied

load was pressure.

GPC-04-104 22
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The evaluation was performed using the methodology of

Reference 1! with material properties from Reference 12.

The postulated flaw and the results are shown in

Figure 5.7. The upper dotted line represents the
inherent material resistance tc unstable fracture in
terms of J-integral and Tearing Modulus, T. The line
originating at the origin represents the applied
loading. Increasing pressure results in applied J-T
combination moving up this line, and unstable fractucre
is predicted a* the intersection of this applied loading

line with the material resistance line.

Figure 5.7 shows that th: predicted burst pressure is in
excess of 5500 psig. Thus, there is a safety factor on
design pressure of at least 4, which is well in excess

of the safety factor inherent in the ASME Code, even in

the presence cf this worst case assumed crack.

Sl Elbow Evaluation

The largest measured ultrasonic indications in
elbow-to-pipe weld number 1E11-1RHR-20-BD-3 are an axial

crack of depth 94% of wall and length of 3/8 inch, and a

GPC=-04-10C4 23
Revision 0
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®

circumferential crack of length 1-1/2 inches and depth

approximately 33% of wall.

5.2.1 Code Stress Analysis

# finite element model of the cracked and welli cvrerlaid
region was developed using the ANSYS (Reference 6)
computer program. Figure 5.8 shows the model. This

figure also shows the material that was removed to

represent the cracks.

Based on Reference 4, the applied moments on these welds

are:

Weight + OBE Seismic = 743,100 inca-pounds

Weight + Steady State Thermal = 675,1C0 inch-pounds

SSE loads are not limiting for the elbow.

The thermal analysis was performed in the same manner as

for the end cap (Section 5.1.1), with appropriate

dimen=ional changes.

GPC=-04-104 24
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The results of a code stress analysis per Reference 1
are given in Table 5.3. The allowable stress values for
Referenc2 1 are also given. The weld overlay repair

satisfies 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

five years. The results are summarized in Table 5.3.
Se2s2 Fracture Mechanics Evaluation

Three types of fracture mechani~3 evaluations were
performed. The allowable crack depth was calculated
based on Reference 2. Crack growth gue to both fatigue °
and IGSCC was calculated using the NUTECH computer
program NUTCRAK (Reference 8) with material constants

and methodology from Refecrences 9 and 10. Finally, the
ultimate margin to failure for a crack 25sumed to
propagate all the way through the original pipe material

to the weld overlay was calculated per References 11

and 12.

GPC=-04-104 25
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5.2.2.1 Allowable Crack Depth

The allowable depth for a 3/8 inch long axial crack was
determined using Reference 2. The‘uimensions of the
repaired elbow were used. Thus, the ratio of applied
primary stress to Code allowable stress (S_' was

calculated in the following manner:

Stress Ratio EgLE

Il

P = 1325 psi

R = 10.50 inches (Outside Radius of Overlay)
t = 1.16 inches (Overlaid Pipe Thickness)
Sm = 16,800 psi

Stress Ratio = .71

The nondimensional crack length (&) wa# calculated in

the following manner:

P R -
(rt)l/2

GPC-04-104 26
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2 = «375 inch (Crack Length)
4 = 9.87 inches (Mean Radius of Pipe)
t = 1.24 inches

| = .11

Thus, per Table IWB-3642-1 of Reference 2, the allowable
crack depth is 75 percent of the overlaid wall thickness
or a depth of 0.47 inch. Emergency and faultzd

conditions are not limiting.

"he allowable epth of a 1-1/7 inch long circumferential

crack was also determined using Reference 2. From

Table 5.3, the primary stress at the crack locwcion is
16,200 psi. Thus the str2ss ratio was calculated in the

following manner:

- " . Pm + PD 16,200 -
Stress Ratio 3 = 16,800 .96

The nondimensional crack length was calculated in the

following manner:

GPC-04-104 27
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2
- g TEE .k
t = 23R * 2x(10.5) ~ *02

Thus based on Table IWB-3641-1 of Reference 2, the
alloweble crack depth is 75 percent of the wall
thickness. Emergency and faulted conditions are not

limiting.
5.2.2.2 Crack Growth

Crack growth was calculated in a manner similar to
section 5.1.2.2, except: 1) the residual stress due to
the weld overlay was changed to reprresent a one-half
thickness overlay; 2) the axial residuél stress was used

for the circumferential crack.

The axial crack which is essentially through-wall will
grow into the IGSCC resistant weld overlay only due to
fatigue. The fatigue crack growth for five years of the
thermal cycles shown in Figure 5.3 is less than 0.05
inch. Tbus, the axial crack depth after five years
would be 0.81 inch which is 70 percent of overlaid wall
thickness, which is less than the allowable of 75

percent.

GPC-04-104 28
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The circumferential crack will grow due to both fatigue
and IGSCC. The fatigue crack growth due to five years
of the cycles shown on Fiqure 5.3 is less than 0.05
inch. The IGSCC crack growth was calculated using the
upper bound growth curve shown in Figure %5.5 and the
residual stress curve shown in Figure 5.9. Crack depth
as a function of time is shown in Figure 5.10. Thus,
the circumferential crack depth after five years is
approximately 0.30 inch which is 26 percent of the
overlaid wall thickness which is less than the allowable
of 75 percent. Thus, both the worst case axial crack
and th- worst case circumferential crack will not grow

to an unacceptable size within the next 5 years.

5.2.2.3 Tearing Modulus

The largest size to which the existing axial crack could
reasonably be expected to grow was postulated to be a
0.80 inch radius flaw. This assumes growth cof the crack
in the radial direction completely through the original
pipe material to the overlay. After such propagation,
the assumed crack would be completely surrounded by
IGSCC resistant material: the weld between elbow and
pipe, the weld overlay, and* the elbow and pipe. A

tearing modulus evaluation was then performed

GPC-04-104 29
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for this postulated crack. The normal operating loads

of pressure, weight and thermal expansion were applied.

The evaluation was performed using the methodology of

Reference 11 with material properties from Reference 12.

The postulated flaw and the results are shown in Figure
5.11. 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 5.11 shows that the predicted failure load is in
excess of 3 times the normal operating loads. Thus,
there is a safety factor on normal operating loads of at
least 3, which is in excess of the safety factor
inherent in the ASME Code, even in the presence of this

worst case assumed crack.
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5.3 Pipe-to-Pipe Evaluation

The pipe-to-pipe weld number 1lEl1l1-1RHR-24-BR-13 was
determined by ultrasonic examination to have axial crack
indications. The lafgest axial crack is approximately
one-half inch Jong with a depth of approximately 47% of

the wall thickness.
. o Code Ftress Analysis

Th~ weld overlaid regions were assumed to be axisym-
metric. That is, a 47% through-wall axial crack was
conservatively assumed to be 360 degrees around the pipe
and 1/2 inch long centered on the weld. Thus, the
assumed crack geometry conservatively envelopes all
observed cracks in the pipe-to-pipe weld. 1In addition,
all analyses were conservatively performed using a weld
overlay thickness of 0.30 inch which is 25 percent
smaller than the actual thickness of 0.375 inch. A
finite element model of the cracked and weld overlaid
region was developed using the ANSYS (Reference 6)

computer program. Figure 5.12 shows the model.

Based on Reference 4, the applied thermal, weight and

seismic moments on this weld are:
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Weight + OBE Seismic = 1,113,000 inch=-pounds
Weight + Steady State Thermal = 1,626,000 inch=-pounds

SSE is not limiting for this weld. The thermal analysis
#as performed in the same manner as for the end cap
(Section 5.1.1), with appropriate dimensional changes.
The results of a code stress analysis per Reference 1
are given in Table 5.4. The allowable stress values for
Reference 1 are also given. The weld overlay repair

satisfies the Reference 1 requirements.

A conse rvative fatigue analysis per Reference 1 was
performed. An additional fatigue strength reduction

fa “or of 5.0 was applied due to the crack. The fatigue
usage factor was then calculated with the thermal
transients shown in Figure 5.3. The results are

summarized in Table 5.4.
Bsdeid cracture 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
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and IGSCC was calculated using the NUTECH computer
program NUTCRAK (Reference 8) with material constants
and methodology from References 9 and 10. Finally, the
ultimate margin ct¢ Jfailure for a crack assumed to
propagate all the way through the original pipe material
to the weld overlay w s calculated per References 11

and 12.  ®

5.3.2.1 Allowable Crack Depth

The allowable depth for a 1/2 inch long axial crack was
determined using Reference 2. The dimensions of the
repaired pipe were used. Thus, the ratio of applied
primary stress to Code allowable stress (S,) was

calculated in the following manner:

Stress ratio = Pg/t
m
P - 1325 psi (Design Pressure)
R = 12.30 inches (Outside Radius <f Overlay)
t = 1.44 inches (Overlaid Pipe Thickness)
Sm = 16,800 psi (Reference 1)
GPC-04-104 33
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Substitution yields:

Stress ratio = .67

The nondimensional crack length (&) was calculated in

the following manner:

L
- £
2 =
(|:t:)1/2
lf = 1/2 inch
r = 11.58 inches (Mean Radius of Pipe)
t B 1.44 inches

Substitution yields:
Nondimensional Length = ,12

Thus per Table IWB-3642-1 of Reference 2, the allowable
crach depth i1s 75 percent of the wall thickness.

Emergency and faulted conditions are not limiting.
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5.3.2.2 Crack Growth

Crack growth was calculated in a manner similar to
Section 5.1.2.2. The fatigue crack growth for five
years of the cycle shown in Figure 5.3 is less than 0.05
inch. The IGSCC crack growth calculated with the upper
bound growth law and an infinite crack length is shown
in Figure 5.13. Thus, the axial cracks in the pipe-to-
pipe weld will not grow to an unacceptable size in the

next 5 years.

5.3.2.3 Tearing Modulus

vhe largest size to which the existing crack could
reasonably b. expected to grow was postulated to be a
1.14 inch radius flaw. This assumes growth of the crack
in the radial direction completely through the original
pipe material to the overlay. After such propagation,
tne assumed crack would be completely surrounded by
IGSCC resistant material: the pipe-to-pipe weld, the
weld overlay, and the annealed piping. A tearing
modulus evaluation was then performed for this
postulated crack. The applied loads were pressure,

seismic, steady state thermal and weight.
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the evaluation was performed using the methodology of

Reference 11 with material properties from Reference 12.

The postulated flaw and the results are shown in Figure
5.14. 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 5.14 shows that the predicted failure load is in

excess of 4 times the normal loads. Thus, there is a
safety factor on normal operating loads of 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.

5.4 Sweepolet Evaluation

Seven small ultrasonic indications were found in the
weld between a sweepolet and the 22 inch manifold (weld

number 1B31-1RC-22AM-1BC-1). All the indications are
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transverse to the weld. The largest indication is
approximately 1/2 inch long with a depth of
approximately 12% of the wall. Figure 5.15 shows the

approximate location of the indications.

Code Stress Analysis

Due to the three dimensional geometry of the sweepolet
and the difficulty of performing a repair, a three-
dimensional finite element model was developed using
ANSYS (Reference 6). The model is shown on Figures 5.16

and 5.17.

Based on Reference 4, the upplied moments are:
Wweight + Seismic = 176,000 inch-pounds

Weight + Steady State Thermal = 246,000 inch-pounds

The maximum primary stress intensity in the sweepolet is
16,600 psi which is significantly less than the

allowable of 25,200 psi.




S8 Fracture Mechanics Evaluation

Three types of fracture mechanics evaluations were
performed. The allowable crack depth was calculated
based on Reference 2. Crack growth due tc both fatigue
and IGSCC was calculated using the NUTECH computer
program NUTCRAK (Reference 3) with material constants
and methodology from References 9 and 10. Finally, the
ultimate margin to failure for a crack of the depth
equal to the upper bound predicted depth after an
eighteen month fuel cycle was calculated per References

11 and 12.

5.4.2.1 Allowable Crack Depth

Due to the three-dimensional state of stress that exists

at the sweepolet, the allowable depth was calculated in

the same manner as for a circumferential crack.

Stress Ratio = EE§1_29
m
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Pm + Pb = 16,600 psi (Section 5.4.1)
Sm = 16,800 psi

Stress Ratio = 0.99

The nondimensional crack length was calculated in the

following manner:

L
— f
l = _m
(rt)
lf = «50 inch
B = 11.0 inches
t = .975 inch

Thus per Table IWB-3641-1 (Reference 2) the allowable

crack depth is 75 percent of the wall thickness.

5.4.2.2 Crack Growth

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
calcuiated using the material properties from

Reference 9. The fatigue crack growth for five years of

GPC=-04-104
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the cycles shown in Figure 5.3 Wwas calculated to be less

than 0.05 inch.

IGSCC crack growth was calculated using the upper bound
crack growth law shown in Figure 5.5. T'e residual
stress distribution normal to the crack is unknown. It
was judged that the sweepolet weld residual stress would
be equal or less than that due .o a but: weld.
Therefore, the residual stress was conservatively
assumed to be 30 ksi through-wall bending with tension
on the inside surface. The normal stress parpendicular

to the crack was determined from the finite element

model.

The crack growth analysis was performed per Appendix A
of Reference 5. All of the observed cracks are oriented
transverse to the sweepolet-to-manifold weld.

Therefore, the IGSCC crack length is limited to the
width of the heat-affected zone. A finite sized flaw of
constant length equal to 1/2 inch was assumed. The
predicted crack depth as a function of time is shown in
Figure 5.18. Maximum crack depth after 5 years is
predicted to be 0.38 inch (38 percent of wall
thickness), which is well below "he allowable of 75

percent of wall thickness.
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5.4.2.3 Tearing Modulus

The largest size to which the existing sweepolet crack
could reasonably be exp.~ted to grow to within one fuel
cycle was postulated to be a 0.50 inch radius flaw.
This assumes growth of the crack at a faster rate than
the upper bound prediction in Section 5.4.2.2. A
tearing modulus evaluation was then performed for this
postulated crack. The applied loads were pressure,

seismic, steady state thermal and weight.

The evaluation was performed usirg the methodology of

Reference 11 with material properties from Reference 12.

The postulated flaw and the results are shown in Figure
5.19. The upper dotted line represents the inherent
material resistanc. 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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Figure 5.19 shows that the predicted failure load is in
excess of 3.3 times the normal operating loads. Thus,

there is a safety factor on rormal operating loads of at
least 3.3, which is well in excess of the safety factor
inherent in the ASME Code, even in the presence of this

worst case assumed crack.

5.5 Effect on Recirculation and RHR Systems

Installation »f 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 1/4 inch

(elbow=-to-pipe).

The «2ffects of the radial shrinkage are limited to the
region adjacent to and underneath the overlay. Based on
Reference 13, the stresses due to the radial shrinkage
are less than yield stress at distances greater than 4
inches from the ends of the overlay. Weld residual
stresses are steady state secondary stresses and thus

=7 not limited by the ASME Code (Reference 1).

The effect of the axial weld shrinkage on the

Recirculation and RHR Systems was evaluated with the
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NUTECH computer program PISTAR (Reference 14) and the

piping model shown in Figure 5.20.

The four end cap weld overlays are adjacent to free ends
of the recirculation manifold. Thus, axial weld
shrinkage will not induce stress in any other section of
the piping. The measured axial shrinkage of the elbow
weld overlay (.25 inch) and of the pipe-to-pipe weld
overlay (.19 inch) were imposed as boundary conditions
on this model. Since the AME Code does not limit weld

residual stress, all stress indices w7ere set egqual to

1.0.

The maximum calculated stress was less than 9 ksi. The
location of this stress is shown on Figure 5.20. Steady
state secondary stresses of 9 ksi are judged to have no

deleterious effect on the Recirculation or RHR Systems.
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NORMA SMALL
oTARTUp | TEMPERATURE | EMERGENCY
PARAMETER CYCLE CHANGE CYCLE
= CYCLE
(CYCLE 1) | (CYCLE 2) | (CYCLE 3)
EQUIVALENT 2%F 32°F 265%F
LINEAR
TEMPERATURE
PEAK 0 8°F 64°F
TEMPERATURE
—'2
THROUGH 368 PSI 8,840 PSI | 72,370 PSI
WALL THERMAL
STRESS o
Table 5.1

THERMAL STRESS RESULTS
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EQUATION STV | secrrow i1
3 STRESS -
CATEGORY | NuMBEP o8 NB ALLOWABLE
THICKNESS
s N/A N/A|S, = 16,800 PSI

PRIMARY | (9) lﬂ;ffo 25,200 PSI
PRIMARY + 18,950
SECONDARY (10) pe 50,400 PSI
PEAK

CYCLE 1 (23,370)5*

cvele 2 | (1Y) |(16)950)5 N/A

CYCLE 3 (129,300)5

USAGE

FACTOR N/A 0.02 1.0

(5 YR)

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

Table 5.2
END CAP CODE STRESS RESULTS
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EQUATION e SECTION III
ooy |EQUATI STRESS
CATEGORY | nNuMBER 0R NB ALLOWABLE
_| THICKNESS
5 N/A N/A |5, < 16,800 85I

PRIMARY (9) lsp'SZIOO 25,200 PSI
PRIMARY + 19,600
secoNDARY | (O pe1 50,400 PsSI
PEAK (16,200)5*

E;Etg ; (11) |(8,800)5 N/A

- (83,900)5

CYCLE 3

USAGE

FACTOR N/A 0.01 1.0

(5 YR)

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

Table 5.3
ELBOW CODE STRESS RESULTS

GPC~-04-104
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ACTUAL
EQUATION} STRESS SECTION III

CATEGORY | nyMBER 0R NB ALLOWABLE
THICKNESS
S N/A NA - [S, = 16,800 PSI

PRIMARY (9) 12,300 PSI 25,200 PSI

PRIMARY *1 (10) |16,000 PSI| 50,400 PSI

SECONDARY
PEAK
CYCLE 1 (19,500)5* N/A
orie 2| M (120905 ’
CYCLE 3 (125,400)5
USAGE
FACTOR N/A 0.018 1.0
(5 YR)

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

Table 5.4
PIPE-TO-PIPE CODE STRESS RESULTS
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Figure 5.11
TEATING MODULUS




Figure 5.12
PIPE-TO-PIPE FINITE ELEMENT MODEL




Figure 5.13
PIPE-TO-PIPE AXIAL CRACK GROWTH
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Figure 5.14
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SWEEPOLET CRACK GEOMETRY
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Figure 5.17
SWEEPOLET FINITE ELEMENT MODEL (INSIDE)




Figure 5.18
SWEEPOLET CRACK GROWTH
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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 o = §_/2)
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Figure 6.1

TYPICAL RESULT OF NET SECTION COLLAPSE ANALYSIS OF
CRACKED STAINLESS STEEL PIPE
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7.0 SUMMARY AND CONCLUSIONS

The evaluation of the sweepolet flaws and the repairs to
the Recirculation and RHR Systems reported herein shows
that the resulting stress levels are acceptable for all
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 margir. over that
provided by the current Code of Construction for
Class 1 piping and pressure vessels (ASME

Section III).

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

che above safety margins would be exceeded.

Analyses have been performed and results are presented

which demonstrate that the sweepolet flaws and the
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repaired welds satisfy these criteria by a large margin,

and that:

1. The design life of each repair is at least five

years.

2. The sweepolet flaws will not grow to an

unacceptable size wichin five years.

Furthermcre, it is concluded that the recent IGSCC
experienced in the reactor recirculation system at

Hatch 1 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 1, and the likelihood that other
similar -“racking 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 “hrough-wall and leak before affecting its
structural load carrying capacity (which indeed was the
case in the defects observecd at Hatch 1); 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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June 29, 1981

J. T. Beckham, Jr.

U. S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Division of Licensing

washington, O. C. 20555

ATTENTION: Mr. Darrell G. Eisenhut, Director

NRC DOCKETS 50-321, 50-366
OPERATING LICENSES DPR-57, NPF-5
EDWIN I. HATCH NUCLEAR PLANT UNITS 1, 2
NUREG-N313, REVISION 1 IMPLEMENTATION RESPONSE

Gentlemen:

Georgia Power Company hereby submits the following information in
response to NRC Generic Letter 8l1-04 dated February 26, 1981, regarding the
implementation of MNUREG-0313, Revision 1, "Technical Report On Materizl
Selection and Processing Guidelines For BWR Coolant Pressure Boundar:
Piping"”.

Please be advised that Technical Specification changes will not be
submitted for either unit for implementation of the NUREG, but, by this
letter, Georgia Power Company commits to performing augmented inservice
inspection on "nonconforming, nonservice-sensitiva" and "nonconforming,
service-sensitive" piping as discussed herein. In addition, Technical
Specification changes pertaining to leakage detection systems will not be
made as existing Technical Specifications for both units and the leakage
detection systems meet the intent of NUREG-0313, _Revision 1 and Regulatory
Guide 1.45.

The Hatch units were built before issuance of NUREG-0313, and stainless
steel piping and safe ends at that time were Type 304 material. This
material, including weld material, as defined in NUREG-Q313, Revision 1 is
considered as nonconforming. Class 1 "nonconforming, nonservice-sensitive"
and "nonconforming, service-sensitive" piping and safe ends (as defined in
NUREG-0N313, Revision 1) found in each of the Hatch units are as follows:

Nonconforming, Nonservice-Sensitive

22" Reactor Recirculation (Recirc) Manifold

28" Reactor Recirculation (Recirc) Suction and Discharge

6" Reactor Water Cleanup (RWCU) Suction
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Nonconforming, Service-Sensitive

4" Reactor Recirculation (Recirc) Bypass

12" Reactor Recirculation (Recirc) Ricers

Recirc Inlet Nozzle Thermal Sleeve Attachment Welds
20" Residusl Heat Removal (RHR) Suction

24" Residual Heat Removal (RHR) Return

The iN" Core Spray and 3" Control Red Orive (CRD) hydraulic return piping
would normally have been identified as nonconforming, service-sensitive
material; however, modifications have beeri performed either prior to or
during commercial operation and conforming materials have been installed.
Therefore, those particular lines are exempt from augmented inservice
inspection. It should be noted that there is not any Class 2 stairless
steel on either unit under the jurisdiction of the inservice inspection
program.

Georaia Power Company takes exception to the designating of Recirc Riser
piping as being service-sensitive. The NUREG itself indicatcs that there
has not been any incidence of intergranular stress corrosion cracking
(16SCC) in domestic plants. In addition, by designatinn the Riser pipina
accordingly, inspection personnel would be faced with much higher radiation
exposure in order to meet NUREG-N313, Revision 1 examination requirements.
Therefore, Georgia Power Company will consider the Recirc Riser piping as
having the same inspection requirements as nonservice-sensitive piping anrd
wili perform augmented inservice inspection on .n £J-month frequency in
accordance with the requirements of Section IV.8.1.b of NUREG-031., Rev. I
This position is considered justifiable since there has not been any
incidence of 1IGSCC of this particular piping in domestic BWR's. In
addition, radiation levels were aporoximately 2 R/hr. on several of the
Recirc Riser piping welds on Hatch Unit 1 during the last outage and ALARA
concepts must be considered and adhered to. If examination of the Piser
piping during the 80-month perind reveals no incidence of IGSCC, the
examination freguency therezfter shall revert to 120 months as prescribed in
Section XI of the ASME Foiler and Pressure Vessel Code.
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Augmented inservice inspection will be performed on both Hatch units for
the nonconforming, nonservice-sensitive and nonconforming, service-sensitive
piping. Class 1 welds will be selected in accordance with NUREG-0313,
Revision 1 Sections IV.B.l.b and 1IV.B.2.b for nonservice-sensitive and
service-sensitive piping, respectively, except that high stress welds will
be identified from the unit stress report.

Hatch Unit 1 service-sensitive piping was fully examined during the
inservice inspection performed during the 1978 refueling outace per original
commitment to NRC. Ne indications of IGSCC were detected. Examination
areas included 4" Racirc Sypass (capped), 3" CRD Hydraulic Returr (capped),
20" RHR Suction, 24" RHR Return, and 10" Core Spray. Core Spray piping and
safe ends have subsequently been replaced with conforming material. The CRD
Hydraulic Return was cut and capped ouring the previous refueling outage and
is of conforming material alse. The Recirc Inlet Nozzle Thermal Sleeve
attachment welds were not examined at that time as they were not considered
service-sensitive. Ceorgia Fower Company met its original commitment to NRC
and after more tnan three yesrs of operation found no indications of IGSCC
and considers performing examinations during three successive refueling
outages as unnecassary. The next refueling outage for Unit 1, which is
tentatively scheduled for Soring 1982, will be considered the tirst of the
three 36-month + 12-month examinations. Examination areas will include 4"
Recirc Bypass (capped), Recirc Inlet Nozzle Thermal Sleeve attachment welds,
20" RHR Suction, and 24" RHR Return. Georgia Power Company commits to
performing a 50% examination of the Recirc Inlet Nozzle Thermal Sleeve
attachment welds, dependent upon radiation levels encountered, during the
next refueling outage. In case indications are found, the other 50% will be
examined. In the event these 36-month + 12-month period examinations reveal
no unacceptable indications for three successive inspections, the frequency
of examination will revert to B80-month periods. This schedule for
performing the examinations of the service-sensitive lines is considered
justified due to good inservice inspection and operating histories.

The examination of the Unit 1 nonservice-sensitive lines, which will
include *he Recirc Riser piping, will be examined on an 80-month frequency
as required by the NUREG. Examinations on this frequency are considered to
have started during inservice inspection activities in March 1981 (during
the refueling outage). In the event there are no indications, examination
frequency will revert to 120 months as prescribed by Section XI of ASME
Code.

Examination o the Unit 2 service-sensitive lines will continue to be
performed in accordance with commitments already made tg NRC to examine the
lines during three successive refueling outages. The examination schedule
is included in the existing Unit 2 Long-Term Inservice Examination Plan for
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Class 1 Comgonents. The Recirc Inlet Nozzle Thermal Sleeve attachment welds
will be added to those examinations to be performed. It should be noted
that Georgia Power Company will take credit for the 100% examination of the
attachment welds performed during January 1979 and commits to performing
examinations on a representative sample of 50% of the attachment welds,
dependent upon radiation levels, during the next two refueling outages. If
examinations of service-sensitive lines are free of IGSCC indications, the
examination frequency will be extended to three 36-month + 12-month period
examinations, and later to an 8J-month period examination, as appropriate.

Unit 2 nonservice-sensitive line examinations, including the Recirc
Riser piping, will be performed on an B80-month frequency. These
examinations shall be considered to have started at commerical operation
(i.e., September 1979) of the unit. The examination frequency will revert
to a 120-month frequency if the lines are free of IGSCC indications after
the 80-month examination period.

Wwith regard to specifying a replacement schedule for the nonconforming
material as requested by NRC Generic letter 8l-04, Georgia Power Company
cannot justify the indiscriminate replacement of piping that hac not shown
signs of IGSCC in the Hatch plant. The inspection program described above
should identify development of IGSCC in the systems involved. Oue to this
and the high radiation exposure involved in the replacement of the piping,
Georgia Power Company does not plan to replace piping that has not shown
evidence of IGSCC at Plant Hatch. In the event that repairs or replacement
of nonconforming material is required, at such time the affected component
will be replaced with conforming material and processed in accordance with
Section III of NUREG-0313, Revision 1.

If you have any questions in this regard, please contact this office.

Sincerely yours,

I A AL

J. T. Beckham, Jr.
Vice President and General Manager
Nuclear Generation
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xc: M, Manry
R. F. Rogers, III




