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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

This report was prepared by General Electric solely for Georgia Power Company
(GPC) for GPC's use with the U.S. Nuclear Regulatory Commission (USNRC) for
the Edwin I. Hatch Nuclear Power Station, Unit 1. The information contained
in this report is believed by General Electric to be an accurate and true
representation of the facts known, obtained or provided to General Electric

at the time this report was prepared.

The only undertakings of the General Electric Company respecting information

in this document are contained in the General Electric Company Proposal No.
416-TY626~HT1, dated October 30, 1984. The use of this information except as
defined by said contract or for any purpose other than that for which it is
intended, is not authorized; and with respect to any such unauthorized use,
neither General Electric Company nor anv of the contributors to this document
makes any representation or warranty (express or implied) as to the complete-
ness, accuracy or usefulness of the information contained in this document or
that such use or such information may not infringe privately owned rights; nor
do they assume any responsibility for liability of damage of anv kind which may

result from such use of such information.
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1. INTRODUCTION AND SUMMARY

During the inspection of the Hatch Unit 1 core spray spargers in
accordance with IE Bulletin 80-13 (Reference 1-1), a crack indication was
visually observed on the lower sparger in the heat-affected zone of the
sparger to T-box weld. Based on the inspection results it is assumed that
this crack is at least 180° (but less than 360°) in length with a maximum
width of 10 mils. The crack location is shown in Figure 1l-l1.

This report presents the technical basis to establish continued struc-
tural integrity of the lower core spray sparger for all normal and injection
conditions. The results presented herein are applicable whether the sparger
is clamped cr not. A discussion of the possible consequences of potential
loose pizces from a cracked sparger is also presented. Finally, the effect
of a postulated Loss of Coolant Accident (LOCA) with a cracked core spray

sparger is discussed.

1.1 STRUCTURAL

A structural analysis is presented in Section 2, which descriles the
potential sources of stress in the spargers resulting from fabrication,
installation, normal operation, and operation during a postulated LOCA. It
is concluded that the structural integrity of the sparger will be maintained
for all conditions of operation with or withcut a clamp installed. In addi-
tion, potential causes of cracking are discussed, and it is concluded that
the most likely cause is Stress Corrosion Cracking (SCC) due to weld sensi-

tization during fabrication with increased susceptibility from cold working.

1.2 LOST PARTS

Because continued sparger structural integrity has been demonstrated,
lost parts (loose pieces) are not expected. Further, if the sparger is
clamped, loose pieces are even more unlikely. However, a lost parts analysis
has been performed and is presented in Section 3. It is concluded that the
probability of unacceptable flow blockage of a fuel assembly or for unaccept-
able control rod interference is essentially zero. The potential for cor-

rosion or other chemical reaction with reactor materials is essentially zero

i-1
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because the sparger material is designed for in-vessel use. It is also
shown that ‘'oose pieces are not expected to cause damage to the other reactor

pressure vessel internals.
1.3 EFFECT ON LOCA ANALYSIS

Section 4 presents the results of LOCA analyses assuming one cracked
core spray sparger. The results show that the current reload analysis cal-
culations are still valid because coolant injection to the upper plenum is

maintained.
1.4 CONCLUSION

A detailed evaluation of the Hatch Unit 1 core sprav sparger crack has
been performed. This evaluation included structural, lost parts and LOCA
analyses to determine the impact on plant operation of the cracked sparger.
It is concluded that Hatch Unit 1 can safely operate in this condition and
that no operational changes or restrictions are required. The results apply

whether or not a clamp is installed.
1.5 REFERENCE

1.1 USNRC IE Bulletin No. 80-13, Cracking in Core Spray Spargers, May 12,
1980. '

1-2
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Figure 1-1b. Elevation View of Cracked Core Spray Sparger
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2. CORE SPRAY SPARGER SIRUCTURAL INTECRITY
2.1 SPARGER CONFIGURATION

The core spray sparger configuration is shown in Figures 2-1 through
2-5. The spargers are mounted in the vnper shroud, as shown in Figure 2-1.
Vertical spacing is 10-1/4 inches between h-~ader pipe centerline¢. The
upper sparger has bottom-mounted nozzles and thé lower sparger has top-
mounted elbows. The plan view (Figure 2-2) shows that the spargers are
asymmetric. The shorter hieader pipe has an arc length of 80°, ard the
longer header pipe has an arc length of 100°. The { boxes for the spargers

are located *10° from the vessel 0° and 180° azimuths.

Figure 2-3 shows the attachment of the 1+~box to the shroud. The T-box
is a 5-in., Schedule 40 sectisn of pipe with an end plate toward the vessel
centerline. The 5~in. pipe extends through the shroud wall and is butt=-
welded to external piping. The T-box pipe is attached to the shroud by the
seal ring with the attachment welds to the 5-in. pipe and the exterior sur-
face of the shroud wall. This arrangement (as opposed to direct attachment)
eliminates high thermally induced stresses during core spray injection of

cold water into the reactor at operating temperature.

The sparger flow nozzler are depicted in Figure 2-4, The Hatch Unit 1
upper and lower core spray sparger headers use l-in. shielded VNC nozzles

alternating with SPRACO 3101 nozzles.

The 100° header pipe and the 80° header pipe are each supported at
three locations. Figure 2-5 shows the support arrangement at locations
between the T-box and end supports. 7Tne brackets are 1/2-in. thick and are
welded to the shroud. The pipe-to-bracket mating surfaces are not welded
to allow circumferential relative motion between the header pipe and the
shroud during a core spray injection of cold water inco a system at reactor

operating temperature. The header pipe is 3-1/2 in. Schedule 40 Type-304

stainless steel.

2-1
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. The spray nozzle assemblies are composed of street elbows, 90° elbows,

orifices, tees and the close nipples (used to connect the elbows and orifice

the elbows) which are all Type-304 stainless steel (refer to Figure 2-4).

2.2 FABRICATION SEQUENCE

Fabrication records show that the Hatch Unit 1 spargers were fabricated

as follows:

1'

6.

The pipe was bent using a four-roll bending process as shown in
Figure 2-6. The rollers have 2 in. radius grooves, and rollers

3 ard 4 are adjustable to accommodate the pipe size and to bend
the pipe to the required radius. In this case, the design radius
is R = 91.25 inches. The maximum strain in the pipe is calculated
to be 2.2%.

After the pipe is bent to the proper radius, it is placed in the
shroud to verify that the pipe fits che shroud as-built conditions.
During this fit-up process, the T-box 5-in. pipe is marked for

drilling the header pipe holes.

After removing the pipe from the shroud, the headers are welded

to the T-box.

The holes for each nozzle are drilled in the header pipes.

Stainless steel orifices are bevel welded at each nozzle opening.

The elbows are screwed into the assembly and roughly aimed.

2.3 INSTALLATION SEQUENCE !

The sparger is installed in the shroud in the following manner:

1.

The brackets arc welded to the shroud, thereby positioning and

holding the spargers. The T-box is attached to the shroud by

2-2
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welding the seal ring to the T-hox and the shroud. It is assumed
that, because of interference between sparger ends, one Or more
of the spargers would be cold sprung during installation. This

operation was not addressed in the fabrication records.

0 The next operation was to aim the nozzle as required by the sparger

drawirg.

. The elbows were then tack welded to assure that the threaded

connections remain intact.

2.4 PERFORMANCE HISTORY

Hatch Unic 1 first went critical in September 1974. There have been no
inadvertent core spray injections. Georgia Power Company does not flush the

Hatch Unit 1 core sprav spargers during refueling outages.

2.5 POTENTIAL SOURCES OF STRESS

The stresses in the core spray sparger can be due to several reasons.
The following section describes the stresses caused by: fabrication,
installation, normal plant operation, and operation of the core spray

svstem during postulated loss~-of-coolant accidents.

2.5.1 Fabrication Stresses

Residual stresses are developed when an initially straight pipe is sub-
jected to a moment sufficient to cause yielding and later unloaded, as would
occur during the fabrication of the core spray spargers. The fabrication
cperation is idealized in Figure 2-7. The steps involved in the calculation

of the residual stresses are:

2-3
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3. Determine the moment=-curvature curve for the pipe assuming simple

beam theory.

7 4 Calculate the applied moment, M_, corresponding to the final

t
unloaded radius of curvature. Determine the stress distribution

associated with this moment.

Fe Calculate the elastic stress distribution corresponding to the

applied moment (-Ht) to describe the unloading.

4. Determine the residual stress in the pipe which is the algebraic
sum of the elastic-plastic stresses due to &t and the elastic
stresses due to (-Mt)'

In calculating the momert-curvature curve for the pipe, thin shell

theorv was applied and a representative rilinear stress-strain curve

(Figure 2-8) was used.

As shown in Fipure 2-9, the strain varies linearly through the section,

while the stress follows the bilinear curve for angles greater than E.

The applied moment (Mt) is given by:

Mt = 2 £ (E‘.i0 sin¢) (a sing®) (latd?)

* 2 I {(¢ sin ¢ = ¢ ) E_ + Ec_} (a sin?) (2atd?) (2=1)
% © b § t Yy

where
. a/® = outside strain

a = radius of pipe
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R = radius of curvature
€ , 0o = yield strain
- AR ;
E, Et = eglastic and plastic modulus, respectively
The first term in Equation 2-1 is the contribution from the elastic
part of the stress distribution, and the second term corresponds to the

plastic portion of the stress distribution.

After integration and rearrangement, Equation 2-1 becomes:

|
|
:
|
|
(1 - E/E) | (23 - sin2e) R

M h -
t k. ~lo " sinég 4 coxd - E sin3
¢ R
and sin® = ¢ /g —
v o a

Mo = moment corresponding to the first onset of yielding on the outside

surface = a" azt.

Clearlv, for fully elastic behaviocr, & = =/2, and Mt = MU.

Figure 2-10 shows the variation of the applied moment with the outside
fiber strain and also the bend radius R. As shown in the figure, in order
to get a final radius of 91.25 inches, the outer fiber strain during bending

is 2.37%. The corresponding moment is 1.43 dy nazt.

The residual stress distribution can now be determined by combining
the elastic stress corresponding to (-ﬂt) and the clastic-plastic stress

during bending. Figure 2-11 shows the resulting stress distribution.

Figure 2-11 shows that tue pipe is subjected to high residual stresses
(approaching the yield stress), and that the stress distribution varies
around the circumference of the pipe. In particular, it shows tensile

stresses on the surface facing the centerline of the vessel. It should be

2-5
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noted that the actual stresses could be higher due to local yielding at
locations where Hertzian contact stress (between the roller and the pipe)
occurs during bending. Since this would be most likely to occur on the
surface of the sparger facing the center of curvature, higher stresses could

be expected at this location.

The residual stress shown here was calculated for room temperature
conditions. However, for reactor operating temperatures “550°F, the residual
stresses are expected to relax to approximately the yield stress at that

temperature (18.8 ksi at 530°F).

2.5.2 Weld Residual Stress

High tensile stress is a major contributor to SCC. Residual stress
due tc welding is a primary component of the overall stress state at a weld
locaticn. Residual stress measurements of small diameter piping show that
weld residual stress is typically between 30 and 40 ksi. Measurements have
also shown that the weld residual stress varies with azimuthal location.
Figure 2-12 (Reference 2-1) shows the azimuthal variation of residual axial
stress on the inside surface of a 4-inch pipe. The residual stress on the
outsic: surface of the pipe is comparable in magnitude but opposite in sign

to tha: on the inside surface.

The weld residual stress produced at the T-box sparger weld could be
higher than that for butt welded-straizht pipe. The higher residual stress
would occur in the sparger due to the added stifrness of the tee-box compared

to that of a stfaight pipe.

In addition to high weld residual stress, welding at the T-box sparger
junction causes sensitization of the material adjacent to the weld. Also,
grinding and other mechanical working of the weld HAZ region before and
after welding could lead to local cold working. Both the sensitization
and cold work have a significant effect on stress corrosion cracking in

Type-304 stainless steel components.
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2.5.3 Role of Fabrication Stresses in the Observed Cracking

The conclusions from the evaluation of fabrication stresses presented

in this section are summarized below:

Stresses due to fabrication and welding could be significant and

would exist throughout plant operation.

- A A possible synergistic combination of adverse metallurgical condi-
tions (e.g., sensitization, cold work) and high residual stresses

may explain the observed cracking.
Since the stresses change sign (become compressive) around the
circumference, a crack that initiates in the tensile region can be

expected to arrest in the compressive regions.

2.5.4 1Installation Stress

‘ Stresses sufficient and necessary to cause initiation and propagation
of cracks by stress corrosion cracking (SCC) can be identified by postulating

certain installation variables. Figure 2-13 shows two cases wvhich can be

postulated.

In Case 1, it is postulated that differential weld shrinkage occurred
during welding of the header pipes to the T-box. The outer bracket would
provide a force to cause the header to contact the shroud wall. For sim-
plicity, the arm is assumed to have an arc length of 90°. A 1/8-in. differ=-
ential weld shrinkage is assumed. The deflection resilting at the header

end would be ap_roximately:

1/

4.0 91.25°'

o

A= 2.85 inch.

Then, from Reference 2-2, Table 13.4, Case 1:

L= 553 (24 - sin 2¢) , where ¢ = 90°F
4e1 <7 sl ;
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Solving W = 647 1b, assuming:

91.25 in.

28.3 x 10° kst

4.79 1n.6

R

1
Since M = WR

5 o HRC _ 647 % 91.25 x 2.0
1 %.79

g = 24700 psi
¢ = 25000 psi (elastic)

For Case 2, it is assumed that R is incorrectly fabricated to a radius
of 90.25 inches. It is further assumed that the vessel brackets cause a

uniform moment on the pipe, thus increasing the radius to 91.25 inches.

The initial inner length is n/2 x 868.25 = 138.62. After forming, the
inner length is n/2 x 89.25 = 140.19:

AB
{

__inner _ 140.19 - 138.62
' 138.62

Strain = ¢ = = 0.011

L8
inner

= 1,1%

Using a stress-strain curve for Type-304 stainless steel, the resulting

secondary stress is found to be 37,000 psi for 1.1% strain.

For the postulated conditions, these two examples show that high
deflection limited tensile stress can occur during installation. This
stress has not been confirmed. 1In addition, the welding process produces
residual stress in the pipe near the weld. The magnitude and sign of the
stress varies with distance from the weld and depend on pipe size and weld-

ing speed. This stress is likely to vary circumferentially. Maximum

2-8
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tensile residual stress in the range of 18 ksi to 40 ksi have been measured

in weld pipe tests (Reference 2-1).

Installation stress considered in conjunction with the material con-
sideration discussed later (Section 2.6) may explain the cracks that have
been observed. It should be emphasized that the installation stress postu-
lated above is all deflection-limited secondary stress that will relax to
the elevated temperature vield strength of the material during normal plant

operation.

2.5.5 Stresses During Normal Operation

All identified stresses during normal operation were found to be
negligible. Loadings that were considered include impingement locads (i.e.,
flow past the spargers), seismic, pressure, thermal mismatch, stagnant line
top-to-bottom temperature gracvients, stagnant line througzhwall temperature

gradients and weight. Stress calculations are given in Appendix A.

1t should be noted that, during normal plant operation, there is no core
spray flow. The sparger AP = 0 and LT = 0. Impingement loads are 1.0 1bf/
in. on the header arm, resulting in necligible stress. Weight cf the spargers
and water is omly 1.37 1bf/in., again resulting in negligible stress. Stag-
nant line temperature gradient calculations are not provided since the
maximum LT for top-to-bottom gradients and for through wall gradients were
found to be less than 8°F, which would result in insignificant stress. It
should be noted, however, that the AT for core spray injection is addressed

in Section 2.5.6.
It is concluded that the normal operating loadings do not result in

stresses that could explain the crack nbserved in the Hatch Unit 1 core

spray sparger.

2-9
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2.5.6 Stresses During Core Spray Injection

Stresses during core spray injection are the design stresses for the
spargers. Design loadings include all those discussed in Section 2.5.5 plus
those that occur because the system is no longer a passive system. The
pressure differential in the sparger at rated flow is approximately 28 psid.
The resulting hoop stress in the pipe is about 230 psi. Impingement load
stress is less during spray injection than during normal operation. Thermal

stress due to the throughwall temperature gradient are high and are given by:

K _E'J'.\T
T 2(1 = wu)

This stress is not a concern for one or a few cycles. The radius of
the sparger shrinks when the sparger is cooled, resulting in a secondary
bending stress of approximately 3100 psi. The axial stress in the pipe ‘ue
to AP and bracket friction is low--less than 220 psi. Flow through the
nozzles results in stress in the nozzle-to-pipe weld which is low--less than
500 psi. Weight stress is negligible. Water hammer is not expected because
the pipe is essentially an open pipe, and the nozzle opening areas are
approximately equal to the pipe internsl area, even for the short leg.

However, water hammer is addressed in the following section.
2.5.6.1 Water Hammer Loads

Water hammer loads as discussed herein are those hydraulic loads
associated with injection of core spray water into a core spray system.
The system piping downstream of the check valve in primary containment is
assumed empty (or filled with steam) because of the draining of water from
the spargers and/or the flashing of water to steam during depressurization

prior to core spray injection.

For the purpose of maximizing injecction loads on the core spray
spargers, it is assumed that reacror pressure is essentially atmospheric
(as for a large LOCA), enabling system flow to increase to runout controlled

only by the injection valve opening characteristics. Upon valve opening, the
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head (H) is available to accelerate the flow, but as the velocity increases,
the acceleration head is reduced by friction and local losses. If Le is the
equivalent length of the pipe system, the final velocity Vf is given by

application of the energy equation:

The maximum velocity attainable is limited to that at system runout
flow (6000 gpm), which produces a velocity of 54 ft/sec in the sparger (at
the entrance to the long sparger arm to be more concise; the velocity at

the ends is zero).

This is conservative because the velocity of the water first entering
the sparger will be less than runout velocity because of the relatively slow
opening characteristics of the injection valve. The injected water fills
the pipe line between the injection valve and the sparger at a time prior
to full valve opening and therefore, before the final runout velocity is

attained.

Assuming the maximum velocity attainable, the resulting momentum load

in the sparger is:

) ,
H g (54)°
m 144 gv  164(32.2) (0.160)

P = 39.3 psi

or

F =P A = 39.3 (9.89) = 389 1b.
m m p

where
Pm = momentum pressure (psi);

Fm = momentum load (1b);

r

=11
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V = velocity (ft/sec);
g = gravitational acceleration (32.2 ft/lecz);

specific volume (0.0160 ft3/1b) (M50°F water); and

<
"

2
pipe flow area (9.89 in.") (3-1/2-in. Schedule 40 pipe).

>
W

I1f the end plates at the ends of the spargers were removed, it is
obvious there would be no impact load. Even if the ends were cupped and the
sparger nozzles were plugged, there would be no water im;act load because the

trapped gas in the line acts as a surge tank.

The actual end condition of the spargers is somewhere in between these
two extremes. It is much closer to the open end condition, except that
there are several "ends" instead of one end, and they are located along

the length of the sparger arms.

The exit flow area of the sparger nozzles is computed as follows:

Area Total Qtea
Number (in.2) (in.#4)
l=in. VNC Nozzle 27 1.018 g
3101 Nozzle 25 0.307 1.7

Total Open Flow Area Per Sparger = 35.2

The exit flow arca of the nozzles and elbows is 787 greater than the

flow area of the two sparger arms (2 x 9.89 = 19.78 1n.2).

An estimate of pressures induced in the sparger at the end of the fill-
ing time of the spargers and piping can be made by considering a sparger
with only one open elbow located at the end of each arr. Steam would be
pushed ahead of the oncoming front of water, exiting the sparger through the
assumed single nozzle. The developed differential pressure to expel the
steam would be approximately 7 psid. Adding all sparger e.bows and nozzles

to this logic clearly demonstrates that the sparger indeed behav.-s like an

2-12
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open-ended pipe, and conventional water hammer loads of any significant
magnitude would not be present. Injection conditions at higher reactor

pressure would clearly be bounded by the runout case presented here.

2.6 METALLURGICAL EVALUATION OF THE CORE SPRAY SPARGER CRACKING

The purpose of this section is to present the metallurgical evaluation
of the cracking in the Hatch Unit 1 core spray sparger. Extensive field
experience and laboratory data have confirmed the role of cold work and
weld sensitization in stress corrosion cracking (SCC) of stainless steel
components. A brief summary of data relevant to core spray sparger cracking

is presented below.

2.6.1 Background

Field cracking has been discovered in non-sclution heat treated Type
304 stainless steel core spray spargers in six BWR plants. Cracking occurred
both in and away from weld sensitized regions following 64 to 136 months of
service. It has been postulated that failure in non-sensitized regions is
due to stress corrosion cracking (SCC) accelerated by localized cold work
tyvpically remaining in non-solution heat treated core spray spargers.
Cracking in weld sensitized zones was most likely a result of the combina-

tion of cold work and sensitization effects.

The metallurgical basi: for the anticipated increased susceptibility
to cracking in core spray spargers due to localized cold working is supported
by an extensive data base. Constant extension rate technique (CLRT) and con=-
stant load stress corrosion tests (Reference 2-3) performed on an archive
core spray sparger arm manufactured using fabrication procedures similar to
those used for Hatch Unit 1 showed accelerated SCC in cold worked regions.
In addition, the effects of cold work and subsequent sensitization on stress
corrosion cracking of stainless steels have been well documented in both

laboratory and field applications.
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2.6.2 Effects of Cold Work and Sensitization on SCC Behavior of Type 304 SS

Numerous studies (Reference 2-4) have shown that the presence of cold
work accelerates stress corrosion cracking in non-sensitized Type 304 stain-
less steels. However, the combination of cold working followed by sensiti-
zation can result in a synergistic deleterious effect on SCC behavior.

Since Hatch Unit 1 core spray sparger cracking occurred near the T-box
weld where both cold work and sensitization were likely, this discussion

focuses on their combined effect on SCC of Type 304 SS components.

The presence of cold work in stainless steels results in changes in
micrestructure which affect both mechanical and chemical material properties
Increased hardness, ultimate tensile strength, and yield strength along with
decreased ductility accompany increasing amounts of cold work. Microstruc-
tural phase rransformations from austenitic face-centered cubic (fcc) to
body-centered tetragonal (bct) martensite often occur in severely cold worked
Type 304 stainless steels. The inrreased internal energy associated with
cold worked metal leads to a general increase in chemical reactivity of the

material.

Increased internal energy from cold work alone enhances the kinetics of
sensitization in the temperature range where sensitization of austenitic
stainless steels normally occurs., The presence of cold work induced marten-
site has an even greater effect on sensitization. Since both chromium and
carbon diffuse more rapidly in bct martensite than in fcc austenite, preci-
pitation kinetics are more rapid and can occur at lower temperatures in the
martensitic phase. Chromium depletion will also occut at a more rapid rate.
The effects of cold work on sensitization are schematically illustrated in
Fizure 2-14 which shows a comparison of time-temperature-sencitization
(T=1=8) curves for Tvpe 304 S5 in both deformed (cold worked) and undeformed

conditions,
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The combination of cold work and sensitization results in accelerated
SCC in BWR type environments. A comparison of Type 304 stainless steel
SCC susceptibility for furnace sensitized and cold worked plus sensitized
material conditions is shown in Figure 2-15 from Reference 2-5. Specifically
it shows that SCC can occur at stresses well below the yield stress under
the combination of cold work and sensitization. The increased susceptibility
to SCC due to the presence of cold work with sensitization was expected since
SCC is a consequence of sensitization, and sensitization kinetics are accel~-

erated by the presence of cold work.

2.6.3 Archive Core Sprav Sparger Testing

Testing was performed on an archive core spray sparger arm that was
intended for installation in a BWR plant, but was scrapped because flatness
requirements were not met. The sparger arm was retrieved for testing purposes
since the material condition was otherwise typical of non-solution heat
treated Type 304 SS core spray spargers installed in BwR's such as Hatch
Unit 1,

The outer diameter of the archive sparger exhibited axially oriented
cold worked scuff bands presumably created by bending fixtures used to guide
the sparger arm during cold forming operations. Metallography and hardness
readings showed local regicns of high cold working up to Re 40 (>50% cold
work) extended to 8-10 mils deep i1n scarred areas. Ferrite scope measurements
indicated transformation to a magnetic phase such as martensite had occurred

in regions with localized cold work.

CERT and constant load stress corrosion test specimens were machined
from various locations around the archive sparger arm circumference. The
original outer diameter surface was preserved for exposure to the 8 ppm 02/
288°C water test environment. CERT results showed specimens from heavily
scuffed cold worked regions failed due to transgranular stress corrosion
cracking (TGSCC) three times faster than specimens machined from the same
sparger arm in unscarred regions. Constant load stress corrosion test
specimens from heavily scarred areas exhibited TGSCC with failure times of

64 and 325 hours. Similar specimens machined from unscuffed regions showed
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no failure until after 2600 to 3500 hours when intergranular stress corrosion

cracking (IGSCC) mechanisms at the creviced tab area became dominant.
The results of CERT and constant load tests performed on the archive
sparger arm confirm that localized cold work on non-scolution heat treated

Type 304 SS spargers may be sufficient to cause increased SCC suszceptibility.

2.6.4 Relevance to Hatch Unit 1 Core Spray Sparger Cracking

The cracking in the Hatch Unit 1 core spray sparger was discovered after
80 months of service. The cracked area was limited to the region adjacent
to the T-box to bottom sparger arm weld. The time to cracking initiation

and the location of cracking was consistent with experience at other BWR's.

Fabrication procedures followed when the Hatch Unit 1 sparger was
manufactured were similar to those used for the archive core spray sparger
arm discussed in Section 2.9.3. Hence, the presence of severely cold worked
regions on the outer diameter surface of the Hatch Unit 1 sparger arm would
be anticipated. Welding of the sparger arm to the T-box would probably be
sufficient to sensitize the 0.045 wt % carbon sparger arm without previously
cold worked regions. Howev-r, the presence of localized cold work with some

cold work induced martensi': would have increased the degree of sensitization.

2.6.5 Probable Cause of Hatch Core Spray Sparger Cracking

The most probable cause for the premature cracking of the Hatch Unit 1
core spray sparger T-box to bottom sparger weld was stress corrosion crack=
ing. The susceptibility of this particular joint was likely increased due

to the presence of cold work enhanced sensitization.

2.7 CRACK ARREST ASSESSMENT

In assessing the possibility of crack arrest the following sources of

stress are considered:

1. Stress due to pressure, mechinical loads and thermal gradients:
These stresscs have been shown to be negligible and therefore do

not affect crack growth.
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p Stress due to bracket restraint: Stress due to bracket restraint is
considered a secondary stress. This stress would relax as initial

crack propagation occurs.

3. Residual stress due to fabrication: The stress intensity factor
will decrease for a crack propagating circumferentially from a
tensile region into a compressive region. This results in slower

crack growth and eventual crack arrest.

Residual stress due to welding: Weld residual stress at the T-box -

<8

sparger welds would influence crack propagation. These stresses are
likelvy to vary circumferentially and also relax as the cracks become

larger.

. 3 Vibration induced stress: Vibration due to flow during core spray
operation and flow past the sparger during normal plant operationm,

is considered negligible.
In considering crack arrest, the stress due to bracket restraint and residual
stress due to fabrication and welding are significant and are evaluated in

detail.

2.7.1 Stresses Due to Bracket Restraint

Stresses due to bracket restraint are governed by the applied displacement
and the compliance of the pipe. Since the displacement is fixed, the compli-
ance change with crack growth could lead to crack arrest. This is comparable
to crack arrest in a bolt-loaded wedge-opening-loading (WOL) specimen in
stress corrosion tests. Figure 2-16 shows the variation of compliance with
crack length for a pipe subjected to bending. The compliance was determined
using the relationship between the strain energy release rate G and the
compliance change per unit area of crack extension dc/dA (Reference 2-6). For
the cracks in the sparger, L/d is expected to be in the range of 0 < L/D < 40.
Figure 2-16 shows that, when more than 30X of the pipe is cracked, the com-
pliance of the pipe increases by a factor of 10. Therefore, for the given

initial displacement, the stress in the sparger and the applied stress

2-17



NEDO-30825
intensity factor would decrease by a factor of 10 when more than 307 of the pipe
circumference is cracked. Clearly, when the crack length exceeds this value,

the restraint stresses become negligible and crack arrest is expected.

2.7.2 Fabrication Residual Stress

The residual stresses due to fabrication vary around the circumference,
and a precise calculation of the stress intensity is not possible. Neverthe-
less, a conservative representation of the stress is used to calculate the

stress intensity factor. The assumptions made are as follows:

1s The crack in the sparger is modeled as a through wall crack in

an infinite plate.
p It is assumed that the tensile stress (¢) is uniform and is applied
on the crack face over a length (2b). (Later this will be conserva-

tively taken as 25% of the circumference.)

i The remaining portion of the crack is assumed to be subjected to a

compressive stress, which is half the tensile stress (Figure 2-17).

4. The crack length (2a) for which the combined stress intensity factor

reduces to zero is calculated.

The stress intensity factor due to the tensile stress can be shown to be:

gtension | 228 .1 (%)
! /ra

The stress intensity factor due to the compressive stress o/2 is given by:

geompression | =2(0/2) a |r _ .1n-1 (g)
1 oo 2 a
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Setting ‘;cno + lio.' = 0, we get

awt (3) -3 ()

N .2
or, sin (‘.') 3

or, b = 0.5a

I1f we assume 2b = 25% of the circumference is under tension o_ and the
remaining portion of the crack is under compressive stress (equal to half the
tensile stress), the applied stress intensity factor becomes zero when the
crack length is equal to 50% of the circumference. Thus, even under extremely

conservative assumptions, crack arrest is expected.

2.7.3 Weld Residual Stress

As stated in Section 2.5.2, weld residual stress due to the T-box-sparger
weld is a primary contributor to the overall stress state at the cracked sec~-
tion. Circumferential growth of cracks requires the weld residual stress to
be tensile along most of the pipe circumference. However, residual stress
measurements show that the weld residual stress varies with azimuthal location
as shown in Figure 2-12. A crack initiating in a tensile stress region
(between 45° and 225°, Figure 2-12) could grow beyond the tensile region, but

would soon arrest due to the compressive stress.

Therefore, cracking at the T-box-sparger weld can be expecte! due to
the sensitized material and high tensile residual stress (along with stress
from other sources, Section 2-5). However, arrest of these cracks will occur

due to the azimuthal variation of the weld residual stress.

The conclusions reached in Section 2.7.1 regarding crack arrest can also

be applied to the weld residual stress.
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2.7.4 Conclusions on Crack Arrest

Based on the above material, the following conclusions may be drawn:

Since the applied loading is predominantly displacement contrelled,
the stress can be expected to relax as the crack grows. Crack

arrest is therefore expected.

The residual stress due to fabrication varies from tension to com-
pression along the circumference of the weld. As the cracks
propagate into regions of compressive stress, the K value reduces
to zero. Even for extremely conservative assumptions, crack arrest

can bte shown for a 50% circumferential crack.

The residual stress due to welding varies from tension to
compression along the circumference of the weld. As the cracks
propagate into compressive stress regions stress intensity values

decrease.

The above conclusions are valid as long as there is no stress

cyvcling due to vibration (e.g., flow-induced vibration).

2.8 STRUCTURAL INTEGRITY WITH 360° THROUGHWALL CRACK

Even though GE believes that a 360° throughwall crack is improbable, a
structural analysis was performed (see Appendix A) which conservatively
assumed that the existing crack propagated 360" throughwall. Loads which
were considered included all loads applicable to the intact sparger (see
Section 2.5). The analysis ignored the effect of a clamp (or assumed a

clamp was not installed).

2.8.1 Normal Operation

Bending stress in the broken sparger arm due to impingement is low =-- 868

lb/inZL During the postulated seismic event, bending stress is calculated

to be 2380 lb/lnz. All other operating loads result in negligible stresses.
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2.8.2 Core Spray Injection

Stresses on the broken sparger during core spray injection are bounded
by the stresses given for the intact sparger (Section 2.5.5). Normal stress
will therefore be less than 3320 lb/1n2 in the sparger pipe. In the nozzle-
to-pipe weld, the maximum normal and shear stresses are 4270 lb/in2 and
4400 lb/inz. respectively. In the welded brackets, bounding normal and shear

stresses are 5980 lb/in2 and 752 lblinz. respectively.

2.8.3 Flow Induced Vibration

Flow induced vibration is not a concern for the broken sparger case. The
ratio of natural frequency of the broken sparger arm to the vortex shedding
frequency is greater than 6, which exceeds the GE design basis by more than

a factor of 2.

2.8.4 Conclusions

Stresses during normal operation and during core spray injection were
found to be well below allowables. The natural frequency of the assumed
broken sparger remains high enough so that flow induced vibration is not a
concern. It is concluded that the sparver will lose no pieces and will remain
attached to the shroud wall under the conservative assumption that the existing

crack propagates 360° throughwall.
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3. LOST PARTS ANALYSIS
3.1 INTRODUCTION
Based on the structural analysis given in Section 2, it is expected that
the Hatch Unit 1 core spray sparger uiéh the crack indication will not break
and result in loose pieces in the reactor. Further, if the sparger is clamped

lccse parts are even more unlikely. However, an evaluation of the possible

consequences of a potential loose piece is presented in this section.
3.2 LOOSE PLECE DESCRIPTICN

Since a piece has not been lost, it cannot be uniquely describded. Three
different tvpes of loose pieces are postulated in Subsection 3.6.2: €1) s

section of sparger pipe; (2) an outlet nozzle; and (3) a small piece of the

sparger. The entire spargcry is fabricated of Type-304 stainless steel.
3.3 SAFETY CONCERN
The follcwing safety concerns are addressed in this safety analysis:

1. Poteatial for corresion or other chemical reaction to reactor

materials.

2. Potential for fuel bundle flow blockage and subsequent fuel

damage.
3. Potential for interference with control rod operation.

4. Potential for damage to other reactor internals.

3.4 SAFETY EVALUATION

The above safetv concerns for the postulated locse pieces are addressed

in this section. The effect of these concerns on safe reactor operation is

also addressed.



NEDO-30825

3.4.1 General Description

The core spray spargers are attached to the inside of the core shroud
(Figure 3-1) in the upper plenum. For a piece of the sparger to reach and
potentially block the inlet of a fuel assembly, it would have to be carried
out of the upper plenum and pass down into the lower plenum. To accomplish
this, it would have to be carried by the fluid flow in the upper plenum up
through the steam separators then outward to the downcomer annulus, then
through the jet pump nozzle into the lower plenum, then make a 180° turn and
be carried upward to the fuel assembly inlet orifices. A part cf the sparger
cannot reach the fuel assembly inlet orifices by falling down inside the core
shroud because the core support plate and the Joaded core will prevent this.
For a part of the core spray sparger to reach a control rod it must first
traverse the upper flenum from the outer region of the shroud toward the
center, then either fall through the restrictive passage between two fuel
channels, or fall through an opening between the outside of the peripheral
bundles and the core shroud, both of which are unlikely. (A conservative

estimate of this probability is 10-6 - see Subsection 3.5.2).
Since all parts of the core spray sparger are designed for in-reactor

service, there is no possibility that any loose part will cause any corrosion

or other chemical reaction with any reactor material.

3.4.2 Postulated Loose Pieces

3.4.2.1 Sparger Pipe

The sparger pipe is 3-1/2-in. Schedule 40 pipe and is attached to the
core shroud at seven locations (T=box plus s’x brackets). The :maximum span
between supports is about 62 inches. In order to generate a loose piece of
pipe, a minimum of two throughwall cracks would have to propagate 460° around
the sparger. The weight of the largest pipe segment would be approximately
80 1b. Because of the slow propagation rate of potential cracks, and based
on previous experience with cracks in core spray spargers, it is judged that

pieces will not break off and become loose. However, for purposes of
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evaluating the probability for loore pieces potentially causing core damage,
a conservative estimate of this probability has been chosen as 10-3 (see
Subsection. 3.5).

A pipe segment could come to rest in any of three locations: (1) the
top surface of the top guide outboard of the fuel assemblies; (2) the top
surface of the fuel assembly; or (3) the bottom of the core bypass region on
the core support plate. 1In all three of these locations, the flow velocity
is low and insufficienr to 1ift a segment of the pipe. The flow velocity in
the upper plenum region is less than & ft/sec; in the bypass region near the
core support plate it is less than 1 ft/sec (see Appendix B). Therefore, any
piece will remain at one of these locations and is not expected to lift or
rattle around. Further, an 80-1b piece of pipe which falls from the core
spray sparger will not harm the core support plate, top guide or fuel assem-

blies, since these components are conservatively designed for much larger loads.

Since the pipe cannot be lifted by the flow and since the pipe cannot fit
through either the steam separator or the jet pump, it will not cause any
flow blockage at the fuel inlet orifice. Since the pipe is too large to fit
between fuel channels, it will not cause any interference with control rod

operations.
3.4.2.2 Spray Nozzle

Each spray nozzle consists of two l-in. elbows facbricated of Type=304
stainless steel, which are welded to the sparger. In order to generate a
loose nozzle, a thrcughwall crack would have to propagate 350° around the
nozzle. The weight of each nozzle assembly is approximately 1-3/4 1b. A
loose nozzle would most likely come to rest on the top surface of the core
support plate or on the top surface of the fuel top guide. The flow velocities
in these regions are insufficient to 1lift the nozzle; thus, it will remain at

one of the atove mentioned locations.

Since the nozzle cannot be lifted by the flow and since the nozzle cannot
fit through tie steam separator, it will not cause any flow blockage at the
fuel assembly inlet orifices. The nozzle is too larpe to fit between two

fuel channels; thus, it cannot cause any control rod interferences.
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3.4.2.3 Small Pieces

In order to generate small pieces of the sparger, both longitudinal and
circumferential throughwall cracking must occur. A small piece could be lifted
by the flow if it maintained an orientation with its maximum projected area
perpendicu’ar to the flow. Due to flow turbulence and nonsymmetry of the
loose piece, the piece will tend to rotate so that the minimum projected area
will be perpendicular to the flow. Wwith this orientation and based on the
velocities in the upper and lower plena, all parts in the upper plenum with a
length of greater than approximately 0.4 in. and in the lower plenum with a
length of greater than approximately 1.4 in. will sink (Reference 3-1). Thus,
most pieces will not be carried by the flow toward the steam separator. How=-
ever, in the unlikely event that a piece reaches the steam separator, it would
have to pass through the steam separater turning vane (Figure 3-2). There ar2
eight curved vanes with the outlet of each vane'overlapping the inlet of the
adjacent vane. The longest straight piece that can fit through the turning
vane is approximately 6 inches long and it must be oriented with the long
dimension in the vertical direction. The largest piece that can fit through
the turning vane is shown in Figure 3-3 and is approximately 6 x 2 x 2 inches.
The flow velocities are insufficient to carry this maximum sized piece through

the turning vane.

After passing through the turning vane, the fluid momentum is further
reduced as the water is removed. At the separator exit, the fluid is almost
entirely steam. A typical water content is 1 weight %. Thus, it is very un=
likely that any piece could be carried out of the separator by the steam. [f
any piece were carried through the separator by the steam, then it could be
carried into the downcomer annulus, through the jet pump and enter the lower
plenum. A piece that entered the lower plenum would probably be driven by the
jet pump flow to the bottom of the reactor pressure vessel where it would be
expected to remain. However, a small piece <0.4 in. could be carried by the
flow up to the flow inlet orifices. The orifice size varies from approximately

1.25 to 2.22 inches in diameter.

It is extremely unlikely for a piece larger than the 1.25-in. orifice

and essentially Impossible for a piece larger than the 2.22 in. orifice to be
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carried through the steam seaprator. The outside diameter of the sparger is
4 inches, while the fuel inlet orifices are slightly recessed relative to the
surface of the control rod guide tubes (Figure 3-4), which have an outside
diameter of 10-3/4 inches. Due to the different radii of curvature, flow
would be able to enter the fuel assemblies. Thus, unacceptable flow blockage
as defined by Reference 3-1 would require that more than one loose piece be
carried to the same inlet orifice. This is based on the size of the piece(s)
that, in a highly unlikely circumstance, have the potential of reaching the
vessel lower plenum. The probability of unacceptable flow blockage of any
fuel orifice is judged to be imsignificant. (This requires multiple pieces at
the same orifice. The prc.ability of several pieces blocking a significant
portion of the bundle inlet to cause significant fuel damage is judged to be

essentially zero - see Table 3-1).

The flow velocities mear the sparger are lower than those above the fuel
assemblies. Thus, it is unlikely that a small piece would be carried over the
fuel assemblies. If the piece were carried over the fuel assemblies and then
rotated so that the flow could no longer carry it, the piece would fall on

top of a fuel assembly or between fuel assemblies.

Figure 3-5 shows a tvpical unit cell of four fuel assemblies and one con-
trol rod. The control rod moves in the gap between the fuel channels. There
is a possibility that a piece small enough to fit in the channel wall=-control
bl;de gap could sink and pass through the cavity between the control blade
and the fuel support casting and migrate into the control rod guide tube.
Should this happen the piece will most likely come to rest on top of the
velocity limiter where it is expected to remain and move only with the move-
ment of the velocity limiter as the control rod is inserted or withdrawn. If
the piece is small enough to pass through the velocity limiter and the guide
tube wall it will most likely sink and come to rest at the bottom of the
guide tube. Due to the hardware geometry of the control blade drive mechanism
it is highly unlikely that any piece would be small enough to migrate into
the control blade drive svstem. Thus, any potential small piece which migrates
to the control rod guide tube is not expected to pose any concern for potential

interference with control rod operation.

3-5
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A piece of precisely the right size could be in contact with the control
rod and one or two fuel channels. Such a piece might be detected during the
normal control rod exercising. The rods are inserted one notch and withdrawn
one notch each week. It is also possible, though unlikely, that a piece
might settle between two fuel channels above the control rod and thus not be
detected by normal control rod operations. If the rod were to be inserted,
the control rod mechanism has enough force to Jift one fuel assembly. If
the fuel assembly were lifted 1 or 2 inches, it would be able to move hori-
zontally at both the bottom and the top, thus almost certainly relieving
any interference caused by the piece. The rod would then insert and the
fuel assembly would settle back into place. Thus, it is not credible that

any control rod will fail to insert.

One of the licensing bases of the reactor is that the highest worth con-

trol rods can be fullv stuck out and the reactor can be safely shut down. Thus

unacceptable control rod interference would require multiple precisely sized
pieces interfering simultaneously with control rods that are in close proxi-
mity to each other. The probability of this is judged to be insignificant

(Subsection 3.5.2).
3.5 DISCUSSION OF PROBABILITY

This section provides the basis which supports the conclusions discussed
above that tue probability of loose parts from the core spray sparger causing

a safety concern are negligible.

Based on operating history of BWRs with cracks in the core spray sparger
in the last several vears, and based on the structural evaluation of the core
spray sparger cracks, no loose parts have been found, and the generation of a
loose part is believed to be incredible, i.e., the probabi ity to have a
loose part of any size as the result of a crack is believed to be zero. How=-
ever, for the purpose of this studv, a bounding probability for having a

loose piece break off of the sparger is assumed to be 1073,

3-6



NEDO-30825

3.5.1 Fuel Bundle

For a core spray sparger loose piece to reach a fuel bundle and
potentially cause some safety concerns it would have to be carried out of the
upper plenum and pass through the downcomer, jet pumps, down into the lower
plenum and then into the core region (either block a fuel bundie or interfere
with the operation of the control rod). However, the probability for a piece
to be carried out of the upner plenum, through the steam separator, and
outvard to the downcomer annulus is limited by the minimum projected area
(erpendicular to the flow) that can be lifted by the fluid flow and the size
of piece that can physically fit through the turning vane of the separator
(Subsection 3.4.2.3). Likewise, if a piece were to have been carried to the
lower plenum, the probability of a piece to potentially be carried to the

core is also limited by the minimum projected area that can be lifted by the

fluid flow in the lower plenum.

As discussed in Subsection 3.4.2.3, it is physically possible for a
piece approximately 6 x 2 x 2 inches to fit through a separator; however, the
fluid velocities in the upper plenum are not sufficient to carry this size
piece out and hence it would remain there in the upper plenum. The maximum
size piece that car be carried out of the upper plenum is limited to approx-
imately 0.4 x 0.4 x 0.4 inches as discussed in Subsection 3.4.2.3. I1f this
piece were tc be carried to the lower plenum, which is unlikely, it could
be lifted toward the core because the vertical fluid velocity in the lower
plenum is high enough to lift this size piece. Therefore, pieces of this
size or smallcr are used to evaluate the potential of their reaching the core
region from the lower plenum. Hence, the loose piece is conservatively
assumed to be a small piece of 0.4 x 0.4 x 0.4 inch or less (the thickness of
the core spray sparger pipe is only 0.23 inch). These pieces are based on
the assumption that the part would tend to orient itself with the minimum

dimension normal to the flow stream.

Figure 3-6 is a diagram of the path that a potential loose part from the

sparger would follow if it were carried out of the upper plenum into the lower

plenum and core. For each flow path a probability is assigned and the



NEDO-30825

cumulative probability is also shown (in brackets). As discussed above the
probability for a part to break off in the upper plenum is conservatively
estimated to be P, = 10”3, Ssince it 1s postulated that a piece of this size
is small enough to be carried by the upper plenum fluid velocity it is assumed
that it will leave the upper plenum, i.e., Pz = ]1,0. Once out of the upper
plenum it is assumed that the piece travels with the liquid flow out of the
separator and is carried down the downcomer, 1.8, P3 = 1.0. There, the picce
is likelv to come to rest at the jet pump support plate at the bottom of the
shroud and remain there (Pb). However, because of the potential for the piece
to be injected into the jet pump flow (FA)’ or to be sucked into the recircula-
tion line (P7) and driven into the jet pump (PB), it is conservatively
estimated that this probability is the sum of the probability for these flow
paths, hence P9 = P8 = 0.75 x 10-3. These probabilities, i.e., P and

P7, are based on the projecccd flow areas and biased by the flow veloci:"
ratios in the jet pumps and annulus downcomer for P and by the recxrculatxon
suction line and downcomer for P7. Once in the jet pump it is assumed that the

part will be carried by the flow stream toward the core, hence PlO = 1.0.

To enter the core region from the lower plenum, the part must first pass
throagh the fuel bundle inlet orifices (?11) (there are three different sized
bundle orifices). Once past the orifice, the part must pass through the lower

tie plate (?1,) and into the fuel bundle (P13)'

The path from the lower plenum through a fuel bundle to the upper plenum

is restricted by the following flow areas:

1. inlet orifices, sizes between 1.25 and 2.22 inches, flow area

between 1.24 and 3.9 square inches;

2. lower fuel bundle tie plate, made up of 49 irregular-shaped holes

with a total flow area approximately 1l square inches;

3. fuel bundle with 64 rods inside a square channel with a free flow

area of approximately 15 square inches;

3-8
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4. seven grid spacers along the bundle with a free flow area of

approximately 13 square inches; and
5. upper tie plate similar to the lower tie plate.

For a part to enter a fuel bundle it would physically have to pass through
the lower tie plate which would further limit its size to less than approxi-
mately 0.25 inch. A part of this size w uld either pass completely through
the bundle, beginning the cycle over again, or be trapped within the fuel
bundle possibly at one of the grid spacers. If it remained trapped at a
spacer for a sufficiently long period of time there is a potential for
fretting wear. Extensive fretting may ultimately lead to local fuel rod
perforation and possibly some small release of fission products. This is not
a safety problem because it is extremely unlikely and many such failures
would be required to produce a significant offgas release. In addition, off-
gas radiation monitors are designed to detect fission product release and
limit off-site dose to within 10CFR100 limits.

For BWR fuel, the smallest and most restrictive flow path is at the fuel
bundle inlet flow orifice.' The percentage of blocked orifice area must be
greater than 757 before a boiling transition condition would be approached
for the most limiting, peak power fuel bundle (Reference 3-1). These bundles
have the largest orifices. However, for a conservative estimate the potential
for flow blockage .or the smallest-sized orifice is evaluatad. To block 75%
of the area of the smallest orifice, at least five of the loose pieces must
somehow migrate to the same fuel bundle inlet orifice. Five pieces that pass
through the inlet orifices and remain trapped within the bundle would block
considerably less flow area and hence would be less restrictive. It is
extremely unlikely to have more than one loose piece, and the probability of
more than one piece to migrate to the same fuel bundle is also negligible.
However, for evaluating this potential it is assumed that the probability for
one loose piece to enter a particular fuel bundle i3 the cumulative probability
for a piece from the upper plenum to reach the lower plenum. We call this P
and later it is set equal to the cumulative probability at PlO' There are
560 fuel bundles in the Hatch 1 core, each with inlet orifices. The probability
of having n locse pieces is PT. The probability of having n loose pieces from
the lower plenum simultaneously, partially blocking one given fuel bundle is
substantially lower. Therefore, the probability of n pieces at a given fuel

bundle is
3-9
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P = (1/560)™!, where n > 1. |
Therefore, the probability for blockage of given bundle is the product

n

L n-1
10 (1/560)

P
To block 75% of the minimum inlet orifices (which control the lowest
powered fuel bundles) would require at least five small pieces somehow arriving
and becoming wedged at the inlet orifice simultaneously. To estimate this
probability, take n = 5 in the above expression to block 75% of the smallest
inlet rrifice. As can be seen the probability of one piece entering the lower
plenum is 7.5 x lO-A. When this is used in the above expression for PIO and

for 75% blockage n = 5, the resulting probabilities are incredibly small.

For BW. fuel, the inlet orifice can withstand nearlv complete (>98%) flow
blockage before severe fuel damage within one bundle will occur (Reference 3-1).
This would require over 7 pieces simultaneously blocking the smallest orifice

and would result in an incredibly small probability.

The probability for n pieces being carried from the upper plenum to the

lower plenum and going to the same orifice is shown in Table 3-1l.

Table 3-2 summarizes the estimated probabilities and the potential
consequences related to fuel damage associated with a piece or number of
pieces either entering a fuel bundle or potentially blocking a bundle. As
chown in this table the potential consequerces do not pose any safety concerns

and further are of extremely low (incredible) probabilities.

3.5.2 Control Rod Mechanism

The probability of forming @ small loose piece (small enough to fall duwn

3 as previously

from the sparger to the bvpass region) is assumed to be 107
discussed. Small pieces could be lifted by the flow velocities in the upper
plenum and during a hot shutdown condition of the reactor could drop or fall

back and possibly pass through the flow area from the upper plenum to the

3-10
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bypass (approximately 18.5 ft2 total). The total flow area in the upper
plenum above the fuel bundles is approximately 182 ftz. Therefore the prob-
ability of such a piece (after being formed) to fall into the bypass region
is 18.5/182 % 0.1. The total probability of the piece forming and reaching
the bypass is 0.1 x 10'3 =1 x 10-6.

As indicated in Section 3.4.2.3 multiple small pieces are required to
cause unacceptable control rod interference. The probability of multiple

pieces (i.e., n pieces) reaching a specific control rod guide tube is:

P(a) & (10" (no. guide tubes)™ ",

-4, 2

Ifn=2, P(2) = (10 )°/'37 % 7 x 107!,
Therefore the probability of multiple pieces reaching a guide tube

(control rod drive) and causing unacceptable interference is negligible.
3.6 CONCLUSION

The core sprav sparger at Hatch Unit 1 is expected to remain intact;
therefore, is is highlr unlikely that pieces cf the sparger will break off.
Nevertheless, from the above evaluation it is concluded that the probability
for unacceptable corrosicn or other chemical reaction due tc loose pieces
from the sparger is zero. The potential for unacceptable flow blockage or
other damage to a fuel assembly is essentially zero. The potential for
unacceptable control rod interference is essentially zero. Therefore, it

is concluded that there is no safety concern posed by the lost parts issue.
3.7 REFERENCE

3-1. "Consequences of a Postulated Flow Blockage Incident in a Boiling Water

Reactor," General Electric Company, October 1977 (NEDO-10174, Rev. 1).
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Table 3-1
PROBABILITY OF FUEL BUNDLE BLOCKAGE

- (1/560)™"} P

£ R i ] L e ~ n

2 2 x 1073 1 x 107
3 3 x 10”8 1 x 10”03
>3 <10”® ec10”t3

Total number of pieces generated

Probability that there is at least one orifice which is blocked
by two or more pieces up to a total of n
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. Table 3-2
SUMMARY OF RESULTS OF THE PROBABILITY STUDY OF FUEL
BUNDLE FLOW BLOCKAGE

No. Pieces or
Percent Flow

Blockage Probability Consequences
1 piece y £% b ?0‘6 May become trapped within a bundle

and after extended period could lead
to local fuel rod perforation and
subsequent fission product release

in RPV
. -15
<5 pieces <10 Same as above
5 pieces <<10“15 Same as above with possibility of
75% blockage local boiling transition and
several perforated rods.
7 pieces <<<10-15 Same as above with possibility of

987 blockage local fuel melting within one bundle
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. Figure 3-3. Largest Piece That Can Fit Through
the Turning Vane (End View)
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4. LOSS~OF-COOLANT ACCIDENT ANALYSIS WITH A
CRACK IN ONE CORE SPRAY SPARGER

4.1 INTRODUCTION

A crack indication has been found in the core spray sparger at the Hatch
Unit 1 plant, located in the lower sparger. The structural integrity of the
sparger is not degraded by the crack as shown in Section 2. The intendec
cooling function of the spray system is not adversely affected by the presence
of the crack for the reasons given below. Therefore, no change in Emergency
Core Cooling Svstem (ECCS) performance analysis or Maximum Average Planar
Linear Heat Generation Rate (MAPLHGR) limits is required.

This section describes the methods used to evalute the MAPLHGR require-
ments to meet 10CFR50.46 feor the Hatch Unit 1 operating ~ycle 8 with an
assumed crack in the core spray sparger. The potential effect of spray dis-
tribution on the choice of the limiting break size and single failure that
must be analyzed is discussed in Section 4.2. The phenomena involved and
the inputs to the approved 10CFR50 Appendix K computer codes are discussed in

Section 4.3, the results of analyses performed are given in Section 4.4, and

the conclusions are presented in Secticn 4.5.
4.2 LIMITING BREAK SIZE AND SINGLE FAILURE ANALYSIS

For the Hatch Unit 1 plant, there are no single failures for any break
location (other than a core sprav line break) that can result in less than one
core spray svstem injecting water into the upper plenum above the reacter -ore.
For a core spfay line break, there are alwavs at least three low pressure ECCS
pumps injecting water into the reactor vessel, thereby ensuring that this break
is not a limiting event. For medium and large break sizes (which depressurize
relatively quickly), the most limiting failures are those that result in the
least number of ECCS pumps remaining operable (i.e., injecting water into the

reactor vessel).

4-1
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‘ candidates that are potentially limiting for medium to large recirculation

Independent of the core spray heat transfer, the only two single failure
pipe break sizes are:
|

A. Diesel Generator Failure: 1 core spray (LPCS) + 1 Low Pressure
Coolant Injection (LPCI) + HPCI + the ADS operable;

B. LPCI Injection Valve Fajilure: 2 core spray (LPCS) + HPCI + the
ADS operable.

Since the High Pressure Coolant Injection (HPCI) is steam turbine powered,
t is not a significant contributor to mitigating medium to large breaks which
depressurize rapidly. Also, since the function of the Automatic Depressuriza-
tion System (ADS) is to depressurize the reactor as a backup to the HPCI, it
contributes little toward mitigating medium and large break LOCAs. Therefore,
failure candidates A and B are limiting and each result in a dependence on only

two ECCS pumps.

The plant specific LOCA analysis based on the SAFE and REFLOOD codes
(Reference 4~3), indicates that failure candidate B (LPCI Injection valve
failure) is limiting by a large margin because of the conservative mode.ing of
counter current flow limiting (CCFL) at the fuel assemblv upper ti. plates.
The calculation limits the coolant delivery or downflow from the core spray
svstems to the fuel bundles and further delays core reflocding by neglecting

the water held back in the upper plenum.

Both single failure candidates (A and B) were re-examined for large
breaks to determine whether there would be a change in the limiting break.
The limiting single failure, break size, and location were found not to change.
This is becaucse the calculated core uncovery and recovery times and the reactor
depressurization rates are insensitive to changes in spray cooling heat transfer

due to the conservative treatment of CCFL (see Section 4.3).
For smaller break sizes, the limiting single failure 1s the high pressure

ECCS (HPCI) since the transient is a relatively slow depressurization event that

is dominated by the time required to either reflood the reactor with the high

4-2
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pressure system or the time to depressurize the reactor so that the low
pressure systems become effective. Furthermore, the effects of CCFL in
limiting coolant delivery to the core are not as large at higher reactor
pressures. The small break LOCA transient is, therefore, insensitive to spray
distribution because reflooding occurs very rapidly once any one or two of the

six low pressure ECCS pumps begin injecting coolant into the reactor vessel.

Therefore, only medium and large break LOCA calculations have any potential
for dependence on spray distribution, and detailed LOCA calculations need only
be performed for large limiting break sizes with the current limiting single
failure.

4.3 PHENOMENA INVOLVED IN THE ANALYSIS OF SPARGER PERFORMANCE

The kev phenomena involved in evaluating core cooling performance resulting
from the injection of spray through the core spray sparger in the BWR are
listed in Table 4~1. The analytical assumptions regarding these phenomena
which are important to understanding svstem performance and the predicted

core cooling are also tabulated.

The models used in the standard reload analyvsis include these phenomena,
but the input assumptions that are usec in these analvses (SAFE and REFLOOD
codes) are overly conservative. The extent of this conservatism is evident
from Table 4-1 in. light of the realistic phenomena observed and tabulated. The
bases for the first three of these realistic inputs are derived from recently
completed, jointly sponsored, large scale BWR safetv research programs between
NRC, EPRI and GE (Reference 4~1). 1t should be noted that these phenomena are
realistically modeled in the newly NRC approved BWR LOCA/ECCS model, SAFER

(Reference 4-4).

The relevant phenomena do not depend on the distribution of the injected
spray through the nozzles but on the injection of coolant into the upper
plenum (Reference 4-1). The NRC staff has evaluated the issues related to the
adequacy of the core sprav svstems in the BWR and their ability to distribute

spray water to the core (Reference 4-2). This evaluation was in response to
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‘oncerns that the core spray systems may not distribute any spray to certain
regions of the core when injected into an upper plenum steam environment. The
staff testimony (Reference 4-2) concluded that the spray distribution adequacy
is not a safety concern because the coolant injected into the upper plenum will
either disperse uniformly in a pool of water above the core or will flow to

the lower plenum producing rapid reflooding. Therefore, the current reload
calenlations using the plant specific LOCA analysis basis is applicable and

conservative despite the presence of any crack(s) in the core spray sparger.
4.4 ANALYSIS RESULTS

The current reload anlaysis for the limiting LOCA with the most limiting
fuel type and exposure combination results in a calculated PCT of approximately

2200°F.

Figure 4-1 shows the heat transfer assumed as a function of time (Curve 1)
eonpared with the realistic heat transfer (Curve 2). A bounding calculation
(Curve 3) of the limiting LOCA with approved Appendix K reload models but with
CCFL breakdown input based on observed large scale tests, and no convective
core cooling prior to reflooding, results in a maximum PCT of less than 1380°F
at a MAPLHCR of 12.1 KW/ft. This result demonstrates that the current reload
calculation is conservative br more than 820°F. No credit for steam cooling
or the improved decay heat correlation which would further reduce the PCT are

included in this calculation.

A comparison of the current reload analysis with the conservatively
calculated PCT using CCFL breakdownis shown in Curve &4 at the bottom of
Figure &4~1. It is clear from this figure that the overly conservative treat-
ment of CCFL results in the unrealistically slow core reflooding time and

high calculated PCT in the reload analysis.
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4.5 CONCLUSIONS

An analysis utilizing the approved Appendix X reload evaluation models

has been performed for Hatch Unit | to bound the effects of a potential crack 1

in the core spray sparger. The results of this analysis demonstrate that with P

CCFL breakdown (derived from a conservative interpretation of recent large ;’
L}

scale tests) the calculated PCT is at least 820°F less than the current reload 5.
calculation. Without CCFL breakdown the upper plenum inventory (pool of water)
ensures adequate coolant delivery to the core. Therefore, the current reload

(or any subsequent reload) calculation is applicable and conservative.
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Table 4-1

PHENOMENA RELATED TO CORE SPRAY COOLING PERFORMANCE

Phenomera

Analvtical Assumptions Used in
the Current Reload Analysis

Realistic Assumptions

Upper Plenum
Inventory

Conservatively assumed to not
interact or contribute to core
reflocd during LOCA transient

Pool of water piesent
throughout transient
assures coolant delivery
to all fuel bundles
(supported by Large Scale
Tests)

Counter Current
low Limicing

Saturated water in upper plenum
above core

Some subcooling and less
CCFL occurs. A residual
pool of water remains
during and after core
reflooding. (supported by
Large Scaie Tests)

No CCFL breakdown

Breakdown of CCFL shortly
after spray initiation
causes rapid rerlooding
(supported by Large Scale
Tests)

Core heat
transfer

Limited spray cooling after
blawdown (Appendix K credit
only)

Steam cooling contribution
as much as 10 times grester
than Appendix K spray
cooling

Decay Heat

1971 ANS + 20% specified by T
Appendix K

1979 ANS (CE has submitted
a technical basis as u
part of the Standard Plant
docket which is based on
the 1979 ANS decay heat
correlarion)
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Appendix A
STRUCTURAL ANALYSIS OF THE HATCH UNIT 1 CORE SPRAY SPARGER

SUDMARY

This appendix contains structural analyses that support Se:tions 2:5:3; 2.5.4;
2.6, 2.7 and 2.8 of this report.

Section A.l contains the calculation of loads during normal plant operation and

during the core spray injection event for input into Section A.2, A.3 and A.4
of this Appendix.

Section A.2 contains flow-induced vibration and natural frequency calculations
that show that flow-induced vibration is not a problem for the intact sparvger

condition and for an assumed broken sparger condition.

Section A.3 contains the structural analysis of the core spray sparger in
an intact condition. The stresses were found to be low during all identified

loading conditions.

Section A.4 contains the structural analysis of the core spray sparger which
conservativelv assumes a 360° throughwall crack in the longer sparger arm at
the T-box. The analysis ignores the effect of a clamp (or assumes no clamp

is installed).

The stresses were found to be low during all identified loading conditions.

Section 4.5 contains heat transfer calculations to determine the maximum

(bounding) temperature differential between the sparger pipe arms and the

shroud wall.
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. Because the calculateJ stresses were well below the allowables, it was deemed
unnecessary to calculate principle stresses and stress intensities. The

material properties are given below for comparison purposes.
e Material - 304 SS
e Temperature - 550°F
e Material Properties (ASME Section III)

S = 16.9 ksi (upset allowable)
S = 18.8 ksi
S = 57,3 ksi

E = 25.75 x 10° 1b/in.?

The structural analysis results of the intact sparger and the broken sparger

are summarized below.

SUMMARY OF STRESSES FOR INTACT SPARGER

Seismic Impingement Thermal Mismatch
Bending Bending Normal
S:ress’ Stress f Stress
(1b/in:?) (1b/in.*) (1b/in.2)
Sparger Pipe 476 174 3319
Normal Shear
Stress Stressﬁ
(1b/in.%) (0b/in. %)
Nozzle 369 101
(Weld)
Lower Bracket 3845 954
(Plate)
Lower Bracket 3067 617
(Weld)
Middle Bracket 1422 31 (avg)
(Plate)
. Middle Bracket 654 44 (avg)

(Weld)
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SUMMARY OF STRESSES FOR BROKEN SPARGER

Seismic Impingement Thermal Mismatch
Bending Bending Normal
Stress Stress Stress
(1b/in.2) (1b/in.2) (1b/in.2)
Sparger Pipe 2380 868 3316
Normal Shear
Stress Stress
(1b/in.2) (1b/in.?)
Nozzle 4267 4396
(Weld)
Lower Bracket 3031 752
(Plate)
Lower Bracket 5974 534
(Weld)
Middle Bracket 5210 158 (avg)
(Plate)
Middle Bracket 1800 224 (avg)
(Weld)
A.l1 DESIGN LOADS
This section contains the calculation of loads on the core spray sparger

during normal plant operation and during the core spray injection event. The

loads are used in Section A.2 for natural frequency calculations and in

Sections A.3 and A.4 for calculating stresses in the intact sparger condition

and the assumed broken sparger condition respectively.

A.l1.1 We

ight of Sparger

31/2

pipe

" sch. 40 pipe

ﬂ 2 2 3
"% (Fo E di ) Pstainless steel Fss neadhi b

2 2
.. 4.0 3,548
) ((12) - ey ) (488) = 9.1 1b/ft

A-3
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(3.548 2

i3 62.2 = 4.3 1b/ft

IS E]

w
water

unozzlel‘ 3 1b/te

¥ = 9.1+ 4.3+ 3 =164 1b/ft
- 282 = 1,37 1/in,

Impingement Loads (90° Deflection of Flow)

3.1/2 SCH 40 PIPE \

45.87 15/ft> @ 550°F

©
"

D= — ft V=35 ft/sec
(conservative value =
more realistic value P -
is ~3.5 ft/sec)

3 e r e e—
L 45.87 (3)° (4.0/12) )
32.2

11.87 1b/ft = 1.0 1b/in. 1 f '

™

™
"

3 Impingement and Seismic Load

Impingement Only

Ni = =1.0 1b/in. (upward) (Sect A.1.1)
Seismic Only - Assume lg (conservative)

Rs =Wz (1.0) W W=1.37 1b/in. (Sect A.1.2)

U‘ = 1,37 =~ 1(1.37) = 0 1b/in. (upward)

U’ = 1.37 + 1(1.37) = 2.74 1b/in. (downward)

A-4
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. Impingement & Seismic
wr = =1,0 - 0.0 = -1.0 1b/in. (upward)
"T = -1.0 4+ 2.24 = 1.74 1b/in. (downward)

Seismic loading (absolute value) is more severe than seismic plus

impingement loading.

A.l1.4 Pressure/Flow Loads

Maximum Flow = 6007 gpm (Rated Flow = 4625 gpm) (Section A.5.3)

1 min - ft
60 sec © 7.48 gal.

Q = 6000 gal/min x
e 13.37 £t7/sec
e Maximum pressure in sparger amm

’ 2 ?(‘/ 1
“Pmeasured = 28 psig @ 4491 gpm

6000

2
d = —_— :'22“
“Pmax 8 (;491) 2 Psig

« Pressure load on sparger segment

£ 38 2
F = LPA A=T ¢ =7 (3.568)° = 9.89 in.

F,, = 50.0 (9.89) = 495 1b

® Maximum nozzle flow

The one inch VNC nozzle has the highest flow and will produce the

greatest nozzle thrust.




1

e~ 5/16

c—
—g — 7/

el 1.181 MIN

13/4

Wnax  11.85(144)

NEDO-30825

(1.181% - 0.313%) = 1.018 in.

—
)

2 2
(1.75 - 0.8757) = 1.804 in.

~
IS E]

o = 62.2 1b/ft> @ BO°F

64 gpm @ 4491 gpm

L
"

0
"

6000
64 (&491> 85.5 gpm

85.5(62.2) _ : :
e T O A8 " BB Wi

=
L

. 26.95 ft/sec @ exit from nozzle

Soix "ok T 010010

A.1.5 Noz:zle Thrust Loads

HEADER
PIPE

-

2

(min.)

1IN VNCNOZZLE
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2
-

oVTA

APA +
)

28 @ 4491 gpm test flow

28 (6000/4491)% = 50.0 psi @ mount

(]

1.181 in (minor diameter of 1" straight internal threads)

2 2
(1.181)° = 1.095 in

2 &l

max 11.85 (144)

B ———— = 2 @ - A
- 533 (1.095) 75.05 ft/sec @ exit from HEADER

50(1.095) +

26.95 fr/sec @ EXIT FROM NOZZL

+ A v =

2
O
el
"o
-
or
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. A.1.6 Thermal Expansion Mismatch Loads - Intact Sparger

CENTERLINE
INLET TEE
350°

\ /
CENTERLINE CENTERLINE
BRACKET BRACKET

”
CENTERLINE CENTERLINE CENTERLINE
BRACKET $HROUD BRACKET
Re
CENTERLINE
28 PIPE

CENTERLINE
“BRACKET

e
R e 3888 .13 . g4 qn.
5 2 P
186! 4.0
= el o - {
Rc 3 3 91.25 in.

SHROUD TEMPERATURE = 550°F

See Section A.5-1
CS PI®E TEMPERATURE = 200°F

o &T = 350°F

LR = oRLT For 304 STAINLESS STEEL,
o= 9.6% 10°° in/in."F

. R = 2' « 93.25 in. at shroud-to-pipe interface

A-8
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& tRgpe = 9.6 x 107° (93.25) (350°) = 0.313 in.
(For 90° arc)
FOR SEGMENT:

Assume LR = ;Rgo. (l-cos8) = 0.313 (l=cos?)

————

=N
. 17.42° o
¢
INLET
TEE _—
(FIXED) s
07102

B8R , o= 0.313 (1 - cos 40%°) = 0.075 in.
LR_71, = 0,313 (1 =« cos 71°) = 0,211 in.
AR e ® 0.313 (1 - cos 97%°) = 0.354 in.

&Rype ® 0.313 (1 = cos 204°) = 0.0196 in.
4

LRS,. = 0.313 (1 = cos 51°) = 0,166 in,
LRosve = 0,313 (1 =~ cos 77%°) = 0.245 in.
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-

Assume the AR is resisted only by each bracket support in turn:

3 3

; - 2R 2e o 76y - UWR 8 = 8

LR ZE1 (25 sin 2%) ZEl (cos 26 4 cos & + 3)

. " - 4EILR

R° (2 8 = sin 28 = u cos 26 + 4y cos § - 3u)
6 2

E = 28 x 107 1b/in. R = Rc e 93.25 - 2,0 ~ 91.25

1 - (46.0° - 3.568%) = 4.79 in.”
. ¥ e 0.2 (coefficient of friction)

6 (28 x 10°) (4.79) :8

: " 191.25)) (25 - sin 26 ~0.2 cos 2% + 0.8 cos & = 0.6)
; ) | 706 :R
(2¢ = sin 24 = 0.2 cos 2% + 0.8 cos & ~ 0.6)
AR lgﬁaé%gglil 131 1b
eogir' 7061f2521X) - 89 1b
Ve g b
e s

A-10
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. : _ 706 (0.116)

¥s1e 5.5 Tl
Wam,e 7.04 85 1b

A.1.7 Thermal Expansion Mismatch Loads - Broken Sparger

: Assume break in sparger at

T-Box during core spray & 0°®
20-1/2 >
injection. (=30-1/2%)
\
r B Assume AT at sparger-to-
51
shroud = 350°F (maximum - 0%

see Section A.l1.6).

AR = = R 4T
. -6 717.12°
« = 9,6 x 10 in./in.=°F 126.1/2°)
(304-58) -

R = 93.25 in. at shroud-

to-pipe interface

tRgpe = 2.6 x 107% (93.25) (350°) = 0.313 in.

As sume :.Re = :Rgo. (1 = cos &)

Take the 51° bracket as & = 0°

Then: 20';° bracket is at 8 = 20 - 51 = =30%"°.
77’19 bracket is at 8 = 77"’; - 51 = 26‘;0,

LR _yqr,e ® 0.313 (1 = cos 30%°) = 0.043) in.

LP'26"1' = 0.313 (1 - cos 26%") = 0.0329 in.

A-11
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.

Y

Assume that the 51° bracket is fixed and thuat the corresponding AR is resisted

by the brackets to each side of it:

o ., . MR
A = S & a .. .5 S = &
AR TE1 (2¢ sin 29) iE1 (cos 2% 4 cos & + 3)
V- 4EILR
R” (25 - sin 28 = u cos 26 + & u cos & - 3.
AB _ Py 1
E =28 x 0 1b/in. R = Rc = 93,25 - 2.0 = 91.23

1 =2 %.0% - 3.548%) = 4.79 in.*

u = 0.2 (coefficient of friction)

4 (28 x 10°) (4.79) tR
(91.25)° (2% = sin 28 = 0.2 cos 2¢ + 0.8 cos & = 0.6)

706 LR
(28 = san 2% = 0,2 cos 29 + 0.8 cos 5 - 0.6)

W = 706 x 0.0433
-30%° (27 x 30.5/180 - sin 61° - 0.2 cos 61° + 0.8 cos 30.5° - 0.6)

= 168 1b

¥ o 706 x 0.0329
26%° (27 x 26.5/180 - sin 53° = 0.2 cos 53° + 0.8 cos 26.5° =~ 0.6)

= 190 1b (maximum)

A-12
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A.2 FLOW INDUCED VIBRATION - NATURAL FREQUENCY

GE Design Basis requires that the natural frequency fn is equal to or greater

thar three (3) times the vortex shc ding frequency.

A.2.1 Flow Induced Vibration

The vortex shedding frequency, fn' is given by

£
< = 0.2

V = velocity past shroud wall = 5 ft/sec (Conservative value - more
realistic vulue is 3.5 ft/sec)

A
D = sparger pipe diameter = 22 ft

12
- L.—él - F
. (%'12) 313 o

"

£

tal~~

A.2.2 Natural Freguency

The sparger ratural frequency is now calculated for four different cases. The
first two cases are bounding for the intact sparger. The last two cases are

for the broken sparger.
Case 1 - Intzct Sparger

Calculzte the natural frequency of the sparger by examining the longest
segment hetween support brackets. Assume this section has a uniform load

w per unit length, both ends simply supported.

L bb bbb L [
V wL
o~ . e K, = 9.87

2

= 25.75 x 10° 1b/4n. 1e4.79 1n.°

L= ﬁ%ﬁ% X 7 x 91.25 = 64.5 in. (distance from T=box centerline to
the first bracket on longer pipe arm)

W= 1,37 1b/in.

A-13
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= 9.87 \/;5.75 X 106 (‘579) (32-2) (12) = 70.4 Hz

£ =
. 4 1.37 (64.5)"
£
n 70.4
Ratio fv = 3.1 > 3

Case 2 - Intact Sparger (Missing Bracket)

Calculate the natural frequency of the sparger by examining the .ongest
segment between support brackets ignoring an intermediate support. Values

other than L are same as previcus case.

L = %%5 x v x 91.25 = 113

’ s |
£ = 70.4 (9:=3)° . 22.9

3
£
hatoe o9 L 22.9
Ratio ?: 315 B

Case 3 - Broken Sparger (Simple Cantilever)

Calculate the natural frequency of the unsupported sparger segment. Assume

the segment acts as a cantilever and has a uniform Joad w {force/unit length).

Conservatively assume that the crack is located in the long arm of the sparger.

NOTE: Length of unsupported segment {s taken 13" from T-box centerline

to account for location of crack.

ASSUMED w

. 360° CRACK ]
£ - .E Eli

kn = 3,52

IASNNNNNNNN

£« 25.75 x 10° 1b/in.°

A-14
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1 - 4,79 1n.‘

Lnax = [40% (n/180) x 91.25) =~ 3 = 64.5 ~ 3 = 61.5 in.
(~-distance from crack to bracket)

w = 1.37 1b/in. (Section A.l.1)

6 |
oA 3;2 /25.75 x 10° (4.79) (}2.2) (12) . 29.6 H2
1.37 (61.5)°
f
S R N
Ratio fv 3.15 > 3

Case 4 - Broken Sparger (Include Effect of Two Near Brackets)

Calculate the natural frequency accounting for the effect of the two near
brackets. Conservatively assume that the crack is located in the long arm of

the sparger.
Ravleigh's Method:

The total kinetic energy of the system is zero at the maximum displacement
but is maximum at the static equilibrium point. On the other hand, the total
potential energy is maximum at the maximum displacement but is zero at the

static equilibrium point. From conservation of energy:

(K.E.)max - (P.E.)max

7
Wy wn2
i = K5I Wy
- 2
where
W = weight, 1b
y = deflection, in.

A-15
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g = gravitational constant = 386 in./uc2

v - natura! frequency, radians/sec

The deflection of the member is obtained by successive graphical integrations

starting with the shear diagram.

The loading diagram is shown below. The reaction
develop the shear diagram. The slope at the left

initialize the slope (dy/dx) aiagram.

loads are calculated to

end (Rl) is calculated to

W= 1.37 LB/IN
ﬂ‘ (BRACKET) j i & { } ‘
’7 ’ ' ’}nzilRACKET) IAS$UMEDJOO°CRACKD—)
LOADING

1.37 (61) (49 + 61/2) =

:Ml =0 49 R

102.0 1b

=
"

2 "
L 137 49 L 1.37 (61)°
2 2

85.6 1b

™, = 49 R

r
-
[
"

%
1.37 (49)°

2

85.6 - 1,37 (49) - 102.0 + 1.37 (61) = 0 (Check)

Slope at R

l:
ety NN e W 1.37 (61)°
& "3 —r *% My » 22000 @ 2549 dn.-1b
X '”13 My Py 1,37 (@) | 2549 (u9) &
6El1 = 7% + ‘6 - - 5% + == g . 275}0'1h-xn.

A=16
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The shear diagram is now constructed. It is then graphically integrated to

construct the moment diagram.
836

. N
| R

»y

-
« %7 | &3 93 87 279 | 82
< [} o v :
- 715 | 664 | 527 | 390 | 283
@

~20 184

AL P

80} P’I’/’
856

10470

MOMENT lin Ib)
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The slope (dy/dx) diagram is now constructed by graphical integration of the

mement diagram.

30,000 |- 27530

10,000

dyldn E1 ibn D

-10,000

- 30,000

—40.000

~50 200

~60 00C

~70.000

~80 000

~90 000

100 000 b 98 290
100,200 100610

Craphical integration of the slope diagram yields deflections.
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(lb-in.z) (in.)
yEI (X1000) y (107%)
Left End Bracket 0 0
241 1.95
435 3.53
495 4.01
361 2.93
Bracket 0 0
-590 -4.79
-1362 -11.05
-2252 -18.26
-3211 -26.04
~4203 -34.09
Right End =5307 -43.04

i
El = 123.3 (10%) 1b-in.”

The deflection diagram is now constructed.
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o

-10

Y110 ) tin)

The weight of the member is now distributed as shown above. The natural

frequency can now be determined.
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Myl = (12.3 1.00% +13.7 2.8)% + 13.7 3.8)% +
13.7 (3.5)% + 13.7 (1.5)% + 13.7 (2.4)% +
13.7 (.92 + 13.7 Q4.0 +13.7 @2.1% +
13.7 (30.0) + 15.1 (38.5)%) (107%)

2
= 0.04581 1b-in."

Wy = [12.3 (1.0) + 13.7 (2.8) + 13.7 (3.8) +
13.7 (3.5) + 13.7 (1.5) + 13.7 (2.4) +
13.7 (7.9) + 13.7 (14.7) + 13.7 (22.1) +
13.7 (30.0) + 15.1 (38.5)] (107

= 1.809 1b-in.

2 - 1.809 . _ "
L (386) (0:6235) 15240
W = 123.5 rad/sec
w
n 123.5
fn 3% = 19.6 Hz
f
n 19.6
Ratio f 3.15 6.2 >3
v
A.2.3 Conclusjions
1. The natural frequency of the intact sparger, even when a bracket is

assumed missing, is greater than three (3) times the vortex shedding
frequency. Therefore, fatigue resulting from flow-induced vibrations
cannot be hypothesized as a cause of cracking. Also, the loads used
to calculate stresses for the intact sparger condition (see

Section A.3) do not require amplification.
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2. The natural frequency of a broken sparger (assumed 360° throughwall
crack near the tee-box) is greater than three (3) times the vortex
shedding frequency. Therefore, flow-induced vibration under this
assumed condition will not be a problem and the loads used to cal-
culate stresses for the assumed broken sparger condition (see

Section A.4) do not require amplification.

A.3 STRESSES FCR UNBROKEN SPARGER

This section contains the calculation of stresses in the intact sparger con-
dition during normal plant operation and during the core spray injection
event. During normal plant operation, there is no core spray flow. The
sparger AP = 0 and AT = 0. Impingement loads and weight loads are low and

are bounded by the postulated seismic event.

Design loads during core spray injecticn are the design loads for the sparger,
Thermal mismatch between the cold sparger (due to injection) and the hot
shroud produce significant loads on the sparger pipe arms and on the brackets.

Pressure and thrust loads produce stresses in the pipe arm and nozzles.

A.3.1 Pipe Stresses

A.3.1.1 Seismic and Impingement

For simplicity assume continuo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>