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1. INTRODUCTION AND SUMMARY

One ot the scheduled tasks during the Reload 5 refueling and maintenance outage
in March 1982 at the Peach Bottom-2 Atomic Power Station was the performance of
a visual inspection of the core spray spargers using underwater television
cameras. This inspection was conducted as required by IE Bulletin No. 80-13
(Reference 1-1).

During this inspection, a 180 degrece, circumferentially oriented crack in the

header to T-box weld heat-affected zone of the lower core spray sparger was found.

General Electric reviewed this condition and is providing justification for
continued operation without the installation of additional hardware by address-

ing the following items.

1.1 STRUCTURAL

A structural analysis is presented in Section 2, which describes the potential
sources of stress in the spargers resulting from fabrication, installation,
normal operation, and operation during postulated loss-of-coolant accidents
(LOCAs). Potential causes of cracking are also discussed, and it is concluded
that the structural integiity of ~he sparger will be maintained for all condi-

tions of operation.

1.2 LOST PARTS

1f breakage of the sparger is postulated, the lost parts evaluation presented
in Section 3 concludes that the potential for unacceptable flow blockage of a
fuel assembly, or for unacceptable control red intecference, is essentially

zero. It is also shown that loose 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 no core spray heat

transfer credit from the cracked sparger in the calculations. This corresponds

1~1
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to a postulated worst-case core spray sparger break in which the water flowing
through the cracked sparger does not spray uniformly onto the core. The
resulting increase in peak cladding temperature (PCT) was calculated at the
request of Philadelphia Electric Company assuming no clamping repair of the
sparger is implemented. The analysis is considered to be conservative by
General Electric based on the calculations which support the continued struc-
tural integrity of the sparger and large conservatisms in the LOCA analysis as
demonstrated by large-scale tests. The analysis nevertheless justifies con-

tinued operation with no change in MAPLHGR limits.

1.4 REFERENCE

1-1 USNRC Cracking in Core Spray Spargers, IE Bulletin 80-13.

1-2
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2. CORE SPRAY SPARGER STRUCTURAL INTEGRITY
2.1 SPARGER CONFIGURATION
The core spray sparger configuration is shown in Figure 2-1 through 2-5.

The spargers are mounted in the upper shroud, as shown in Figure 2-1. Vertical
spacing is 12 inches between header pipe centerlines. The upper sparger has
bot tom-mounted nozzles and the lower sparger has top-mounted elbows. The plan
view (Figure 2-2) shows that the spargers are asymmetric. The shorter header
pipe has an arc length of 82.5°, and the longer header pipe has an arc length
of 97.5°. The T-boxes for the spargers are located *7.5° from the vessel 0°

and 180° azimuths.

Figure 2-3 shows the attachment of the T-box to the shroud. The T-box is a
6-in. Schedule 40 section of pipe with an end plate toward the vessel center-
line. The 6-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 6-in. pipe and the exterior surface of the

shroud wall.

The sparger flow nozzles are depicted in Figure 2-4. The Peach Bottom-2 upper
core spray sparger header uses l-in. shielded VNC nozzles alternating with
SPRACO 3101 nozzles. The lower header uses l-in. shielded VNC nozzles alter-
nating with 3/4~in. open elbows.

The 97.5° header pipe is supported at three locations and the 82,5° header pipe
is supported at two locations. Figure 2-5 shows the support arrangement at
locations other thau at T-box locations. The brackets are 3/8-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 into a system at reactor operating

temperature. The header pipe is 4-in. Schedule 40 Type-304 stainless steel.

2-1
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. The street elbows, 90° elbows, half-couplings and the close nipples

(used to connect the elbows and orifice the elbows) are all Type-304

stainless steel.

2.2 FABRICATION SEQUENCE

Fabrication records show that the Peach Bottom-2 spargers were fabricated as

follows:

1.

The pipe was bent using a four-roll bending process as shown in

Figure 2-6. The rollers have 2-1/4 in, radius grooves, and rollers 3
and 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 = 105.75 inches. The maximum strair in the pipe is culculated

to be 2.1%.

After the pipe is bent to the proper radius, it is placed in the

shroud to verify that the pipe fits the shroud as-built conditions.
During this fit-up process, the T-box 6-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 half-couplings are bevel welded at each nozzle

ope g

The elbows are screwed into the assembly and roughly aimed.

2=2
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‘ 2.3 INSTALLATION SEQUENCE

The sparger is {nstalled in the shroud in the following manner:

) & The brackets are welded to the shroud, thereby positioning and holding

che spargers. It also includes attaching the T-box to the shroud by

welding the seal ring to the T-box and the shroud. It is assumed that,

because of interference between sparger ends, one or more of t.e
spargers would be cold sprung during installation. This operation

was not addressed in the fabrication records.

p The next operation was to aim the nozzles as required by the sparger

drawing.

35 The elbows were then tack welded to assure that the threaded connec-

tions remain intact.

2.4 PEKFORMANCE HISTORY

Peach Bottom-2 Station first went critical in September 1973. There have been
no inadvertent core spray injections. Peach Bottom-2 does flush the core
spray spargers during refueling outages. Water is pumped from condensate
storage at a temperature of approximately 70°F. The maximum AT that has

occurred is 120°F. This AT is sufficiently low that fatigue is not a cencern.
2.5 POTENTIAL SOURCES OF STRESS

The potential sources of stress in the core spray sparcer which could result
from fabrication, installation, normal plant operation, and operation of the
core spray system during postulated loss-of-coolant accidents are presented

in this section.

2.5.1 Fabrication Stresse

Residual stresses are developed when an initially straight pipe is subjected

to a moment sufficient to cause yielding and later unloaded, as would occur

2-3
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during the fabrication cf the core spray spargers. The fabrication operation

is idealized in Figure 2-7. The steps involved in the calculation of the

residual stresses are:

1s Determine the moment-curvature curve for the pipe assuming simple

beam theory.

- 48 Calculate the applied moment, M_, corresponding to the final unloaded

=
radius of curvature. Determine the stress distribution associated

with this moment.

3. Calculate the elastic stress distribution corresponding to the applied

moment (-Mt) to describe the unloading.

4. Determine the residual stress in the pipe which is the algebraic sum
of the elastic-plastic stresses due to Ht and the elastic stresses

due to (-Ht)'

In calculating the moment-curvature curve for the pipe, thin shell theory was

applied and a representative bilinear stress-strain curve (Figure 2-8) was used.

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

the stress follows the bilinear curve for angles greater than C.

The applied moment (Mt) is given by:

&

M = 2.’. (Ee Siné) (a sind) (2atde)
t 0 (a]

n/2
+ { & . Y
Z.J: ‘(Eo Sin ¢ ey) Et - Eey; (a Sind) (2atde) (2-1)
where
I € = a/R = outside strain
a = radius of pipe
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R = radius of curvature
cy. cy = yield strain and stress

E, Et « elastic and plastic modulus

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:

M =M (1 - EJ/E) | (95 - 5in20) + 4 costp + _
£ 0 n sin® ey
¢ R
3“d Sin'j\ = £ /€ - '
y o -

MO = moment corresponding to the first onset of yielding on the outside
el

surface = cyﬂ a“t.

Clearly, for fully elastic behavior, & = n/2, and HL = MO.

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 105.75 inches, the outer fiber strain during bending is 2.33%.

The corresponding moment is 1.43 oy vazt.

The residual stress distribution can now be determined by combining the elastic
stress corresponding to (-Mt) and the elastic-plastic stress during bending.
Figure 2-11 shows the resulting stress distribution. A correction for the thin

shell theory assumption is included in the results.
Figure 2-11 shows that the 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 tersile stresses

2-5
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on the surface facing the centerline of the vessel. It should be noted that
the actual stresses could be higher due to local yielding at locations where
Hertzian contact stresses (between the roller and the pipe) occur 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 stresses shown here were calculated for room temp :. ature condi-
tions. However, for reactor operating temperatures =550°F, tle residual
stresses are expected to relax to the yield value at that temperature

(18.8 ksi at 550°F).

Knowing the applied stress, one can calculate the minimum crack size that could
propagate intergranular stress corrosion cracking (IGSCC) under sustained load.

Using the following worst-case assumpticns:

—
KIGSCC =6 ksi vin. ,

P4 A long continuous crack,

L 8 Sustained stress up to yield = 18.8 ksi,

the minimum crack depth for crack growth is given by:

- %a /
Kigsce = 1-1%9 /™ 344

or

1 " i
dmin T T (18.8 x 1.12) 0000 Hvtae

This shows that under worst-case conditions, a 26-mil crack could propagate

due to stress corrosion cracking.
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The conclusions from the evaluation of fabrication stresses presented in this

section are summarized below:

1. Stresses due to fabrication could be significant and would exist

throughout plant operation.

2. A possible synergistic combination of adverse metallurgical conditicns
(e.g., sensitization, cold work) and high residual stresses may

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

expected to arrest in the compressive regions.

2.5.2 1Ianstallation Stresses

Stresses sufficient and necessary to cause initiation and propagation of cracks
by intergranular stress corrosion cracking (IGSCC) can be identified by
postulating certain installation variables. Figure 2-12 shows two cases

which might 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 simplicity, the arm
is assumed to have an arc length of 90°. A 1/8-in. differential weld shrinkage

is assumed. The deflection resulting at the header end would be approximately:

1/8 A ] =
2.5 105.75 * A 2.94 inch .

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

3

A= %%7 (2¢ - sin 2¢) , where ¢ = 90°.
A
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648 1b, assuming:
105.75 in.

28.3 x 10° ksi
7.23 in."

- m ™ =
3

Since M = WR

WRC _ 648 x 105.75 x 2.25

ol 7.23
o = 21300 psi
g = 21000 psi (elastic)

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

moment on the pipe, thus increasing the radius to 105.75 inches.

. The initial inner length is 7/2 x 102.5 = 161.01. After forming, the inner
length is /2 x 103.5 = 162.58:

A

AR
inner 162.58 - 161.01
Strain £ 16101 0.010

inner

= 1.0%

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

ary stress is found to be 38,000 psi for 1.0% strain.

For the postulated conditions, these two examples show that high deflection

limited tensile stresses can occur during installation. These stresses have

not been confirmed. In addition, the welding process produces residual stresses

in the pipe near the weld. The magnitude and sign of the stresses vary with dis-

tance from the weld and depend on pipe size and welding speced. These stresses
‘ are likely to vary circumferentially. Maximum tensile residual stresses in the

range of 18 ksi to 40 ksi have been measured in weld pipe tests (Reference 2-2).

2-8
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Installation stresses considered in conjunction with the material considera-
tion discussed later (Section 2.6) may explain the cracks that have been
observed. It should be emphasized that the installation stresses postulated
above are all deflection-limited secondary stresses that will relax to the
elevated temperature yleld strength of the material during normal plant

operation.

2.5.3 Stresses During Normal Operation

All identified stresses during normal operation were found to be negligible.
Loadings that were considered include impingement loads (i.e., flow past the
spargers), seismic, pressure, thermal mismatch, stagnant line top~to-bottom
temperature gradients, stagnant line throughwall temperature gradients and
weight. Stress calculations are given in Appendices A and B.

It should be noted that, during normal plant operation, there is no core spray
flow. The sparger AP = 0 and AT 0. Impingement loads are 4.45 1bf/in. c1 the
header arm, resulting in negligible stresses. Weight of the spargers and

water is onlv 1.36 1bf/in., again resulting in negligible stresses. Stagnant
line temperature gradient calculations are not provided since the maximum AT

for top-to-bottom gradients and for through wall gradients were found to be
less'gun110°F. which would result in insignificant stresses. It should be
noted, however, that the AT for core spray injection is addressed in

Section 2.5.4.

It is concluded that the normal operating loadings do not result in stresses

that could explain the crack observed in the Peach Bottom-2 core spray sparger.

2.5.4 Stresses During Core Spray Injection

Stresses during core spray injection are the design stresses for the spargers.
Design loadings include all those discussed in Sectior 2.5.3 plus those that
occur because the system is no longer a passive system. The pressure differen-
tial in the sparger at rated flow is approximately 25 psid. The hoop stress

in the pipe is about 210 psi. Impingement load stresses are less during spray
injection than during normal operation. Thermal stresses due to the throughwall

temperature gradient are high and are known to be:

2-9
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E * a AT
2(1 = w)

These stresses are not a concern for one or a few cycles. The radius of the
sparger shrinks when the sparger is cooled, resulting in secondary bending
stresses of approximately 3000 psi. The axial stress in the pipe due to AP
and bracket friction is low--only 420 psi. Flow through the nozzles results
in a torsional stress which is low--less than 100 psi. Weight stresses are
negligible. Water hammer is no. expected because the pipe is essentially an
open pipe, and the nozzle opening areas are approximately equal to the pipe
internal area, even for the short leg. However, water hammer is addressed

in the following section.
2.5.4.1 Water Hammer Loads

Water hammer loads as discussed herein are those loads associatead with injection
of core spray water into a core spray system, where 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 injection loads, primarily on the core spray
spargers, it is assumed that reactor pressure is essentially atmospheric (as

for a large LOCA), enabling system flow to increase to runout controlled only
by the injection valve-opening characteristic. Upon valve opening, the head (H)
is available to accelerate the flow, but as the velocity increases, the accel-
eration head is reduced by friction and local losses. If I.e is the equivalent
length of the pipe system, the final velocity Vf is given by application of

the energy equation:

Le sz
H=fT 2
The maximum velocity attainable is limited to that at system runout flow
(8000 gpm), which produces a velocity of 55 ft/sec in the sparger (at the
entrance to the long sparger arm to be more concise; the velocity at the ends

is zero).

2-10
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Actually, 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 valive 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:

v (55)%

w - 144 gv | 144(32.2) (0.0160)

= 40.8 psi

or

F =P A = 40.8(12.73) = 519 1b.
m p

P = momentum pressure (psi);

F = momentum load (1b);

v = velocity (ft/sec);

2 = gravitational acceleration (32.2 ft/secz);

v = specific volume (0.0160 ft3/1b) (v80°F water); and

A = pipe flow area (12.73 in.z) (4-in. Schedule 40 pipe).

If the end plates at the ends of the spargers were removed, it is obvious there
would be no impact load. Now cap the ends and also plug the sparger nozzles.
Again, there would be no water impact load because the trapped gas in the line

acts as a surge tank.

The actual end condition of the spargers is comewhere 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.

2-11
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. The exit flow area of the sparger nozzles is computed as follows:

Area Total Area
Number (in.%) (i...2)
3101 Nozzle 33 0.307 10.1

Total Open Flow Area Per Sparger = 42.7

The exit flow area of the nozzles and elbows is actually 68% greater than ihe

flow area of the two sparger arms (2 x 12.73 = 25.46 in.z).

An estimate of pressures induced in the sparger at the end of the filling time
of the spargers and piping can be made by considering a sparger with oniy one
open elbow located at the end of each arm. 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 elbows and nozzles to this logic clearly demon-
strates that the sparger indeed behaves like an open-ended pipe, and conven-
tional 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 MATERIALS ASPECTS OF CRACKING

The potential causcs of Peach Bottom-2 core spray sparger cracking are dis-
cussed in this section. A general discussion of the effects of cold work on

the IGSCC susceptibility of Type-304 stainless steel is also presented.

2.6.1 Potential Causes of Cracking

The potential causes of core spray sparger cracking which are considered to be
most probable are indicated in Table 2-1. The table addresses cracking near

the heat-affected zone (HAZ) of the T-box to sparger arm weld, as well as

. cracking in the sparger arm remote from the weld. The crack in the Peach
Bottom-2 core spray sparger is located within the HAZ of the weld. The evidence

of each possible cause is also indicated.

2-12
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Near the T-box, four possible causes of sparger cracking have been identified.
First, sensitization by welding the sparger arms to the tee is supported by
the patterns of cracking near the HAZ of this weld. IGSCC may result if
stresses are sufficiently high in this area. Such cracking has been observed
in piping incidents in the past.

Second, cold work inherent in arm forming followed by weld sensitization may
increase the susceptibility of IGSCC in the spargers. As discussed below,

sufficient cold work is present for enhancement of cracking tendencies.

Third, fatigue induced by thermal variations in the environment may be the
cause of the sparger indications. However, the variations in temperature
during operation of the reactor (10°F, see Section 2.5.3) are expected to be

small. No evidence of a driving force for thermal fatigue has been identified.

Finally, fatigue resulting from flow-induced vibrations could be hypothesized.
However, the natural frequencies of the sparger are high relative to any flow=-
induced excitation sources, and the sparger brackets restrain the amplitudes

of any vibrations.

In the arms remote from the T-box by distances greater than 2 inches, welding
cannot be considered a major influence on cracking. Sensitization may still

be present if the original solution heat treatment was inadequate, either in
temperature or quench rates. No direct evidence exists of this condition.
Secondly, if cold work from arm bending were followed by local heating, a
susceptible condition would more readily exist. Again, no direct evidence
exists. Thirdly, surface cold work resulting from arm bending or straightening
could hasten crack initiation and subsequent growth could occur from residual

or installation stresses. No documentation exists to support this possible
cause. Finally, fatigue by either of tve sources cited above for the T-box area

could induce cracking, although there is no confirmed source of fatigue loading.

The most probable cause of cracking adjacent to the T-box area is currently
-nnsidered to be cold work followed by weld sensitization leading to IGSCC in
a region of weld residual stress. Approximately 5% cold work could result from

sparger arm fabrication and installation.

2-13
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Stresses in excess of the yield stress may be present, and weld sensitization
could occur during arm to T-box joining. Sufficient conditions for cracking

may therefore be present.

2.6.2 Effects of Cold wWwork on 1GSCC »>f Stainless Steel

The mechanisms of cold work enhanced cracking are complex but can be visualized
through the illustration in Figure 2-13. In this illustration, factors
influencing susceptibility to cracking are shown as increasing or decreasing

susceptibility by lying to the left or right of the diagram, respectively.

Cold work serves to increase the material yield strength. This enhances
susceptibility if stresses in the material result from imposed strains because
the resulting stress state of the material would also be higher, consistent
with the increased yield stress. 1f stresses are fixed as the result of
imposed loads, susceptibility may decrease because the stress state of the

hardened material is a lower fraction of the yield stress.

Cold work serves to promote chromium activity in the material matrix, which
reduces susceptibility through the more rapid recovery of chromium-depleted
regions. However, sufficient time at higher temperatures (»500°F) is necessary
for the recovery phenomenon, and suck thermal treatment was not practical for

the spargers, nor deemed necessary.

The most significant influence of cold work is in the transformation of
austenite to martensite phases through deformation. Martensite, if present

in sufficient quantity, can assist in recrystallization of the material upon
subsequent thermal treatment. The strain energy induced in the lattice promotes
recrystallization. The result of recrystallization is migration of grain
boundaries away from chromium depleted regions, with attendant benefits in

reduc ing sensitization. However, the presence of martensite increases the
tendency for carbide precipitation and local chromium depletion during
subsequent weld sensitization. A wider HAZ can result from welding stainless

steel with prior cold work-induced martensite. If suf ficient cold work is

2-14
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present, transgranular cracking can occur in oxygenated water environments

with or without subsequunt sensitization.

Environmental tests conducted on tensile, bent beam and pressurized tube
specimens are {l1lustrated in Figures 2-14 through 2-17 (which are based on

information from References 2-3 and 2-4).

In Figure 2-14 it can be seen that the time to failure in 0.2 ppm 02 water for
sensitized and cold-worked and sensitized material varies with stress., Speci-
mens tested at cold-worked-plus-sensitized conditions (at higher stresses)
produced failure times (by 1GSCC) comparable to samples which contained no

work prior to sensitization. Cold-worked samples without subsequent sensitiza-
tion, tested at comparable stresses, did not fail. IGSCC failures could be
induced at very high stresses in cold-work/no-sensitization samples, as

illustrated in Figure 2-15.

1f the data from Figures 2-14 and 2-15 are p.otted on a basis normalized by the
material yield strength, a more clear picture is formed of the results of
deflection-induced stresses in stainless steel (Figure 2-16). Material cold
worked to various levels and subsequently sensitized can undergo stress COrro=
sion at substantially lower percentages of the material yield strength, with

cracking as low as 80% Oys in quarter-hard stainless steel (furnace sensitized).

An equivalence must be established betwcen plastic strain during sparger arm
forming and the cold-work condition of the test specimens. The yield strengths
of specimens receiving 5, 8, and 15% cold work are illustrated in Figure 2-17.
The stress-strain curves for the same heat of material without prior cold work
indicate the amount of plastic strain necessary to create a comparable yield
stress to the uniformly cold-worked specimens. Thus, 2.1% plastic strain cal-
culated for arm bending corresponds to approximately 1%Z cold work and stresses
near yield may or may not result in cracking (data are insufficiently clear).
The strain concentration from localized bending, if a factor of 4 is considered,
would be comparable to 5% cold work. A reduction of the cracking threshold

to 0.8 oy and cracking under residual and installation stresses could occur.

2-15
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2.6.3 Conclusions of Sparger Cracking

Core spray sparger cracking at the Peach Bottom-2 plant can be hypothesized by
the influence of weld sensitization or prior sensitization of the arm material
and subsequent cold work of the arms during forming and installation. Sources
of stress for IGSCC are dependent on residual stresses from arm bending, weld

residual stresses, and deflection during installation.

The principal factors suspected of causing cracking are considered to be highly
variable from one plant to another. The absence of one or several key factors
may explain the lack of reported indications in the majority of the BWR
operating plants {nspected to date (May 1982).

2.7 CRACK ARREST ASSESSMENT

In assessing the possibility of crack arrest, the following sources of stress

are considered:

1. Stress due to pressure, mechanical loads and thermal gradients.
These stresses have been shown to be negligible and are not considered

in the crack growth assessment.

y o Stresses due to bracket restraint: these are displacement controlled
(secondary) stresses and would be expected to relax as the crack

propagates.
3 Residual stress due to fabrication: as the crack propagates into a
region of compression, the stress intensity factor can be expected
to decrease, thereby resulting in arrest.
4. Weld residual stress: weld residual stresses at the T-box - sparger
welds would influence crack propagation. These stresses are likely to

vary circumferentially and also relax as the cracks become larger.

S Stresses due to vibration are assumed to be negligible.

2-16



NEDO-22139

In considering crack arrest, the stresses due to bracket restraint and

the fabrication residual stress 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 1is fixed, the

with crack growth could lead to crack arrest. This is

compliance change
t-loaded wedge-open ing-loading (WOoL)

comparable to crack arrest in a bol

specimen in stress corrosion tests. Figure 2-18 shows the variation of

compliance with crack length for a pip

was determined using the relationship between the strain energy release

rate G and the compliance change per unit area of crack extension dc/dA

For the cracks in the sparger, L/d is expected to be

(Reference 2-5).
Figure 2-18 shows that, when more than 30%

in the range of 0 < L/D < 40.
racked, the compliance of the pipe increases by a factor

for the given initial displacement, the stress in the
crease by a factor

of the pipe is ¢

of 10. Therefore,
and the applied stress intensity factor would de

sparger
is cracked. Clearly,

of 10 when more than 30% of the pipe circumference

the 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.

Nevertheless, a conservative representation of the stress is used to

calculate the stress intensity factor. The assumptions made are as

follows:

1. The crack in the sparger is modeled as a through crack in an

infinite plate.

2-17
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2. It is assumed that the tensile stress (o) is uniforn and is applied
on the crack face over a length (2b). (Later this will be conserva=-

tively taken as 25% of the circumference.)

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

compressive stress, which is half the tonsile stress (Figure 2-19).

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:

tension 2ca -1 (b
KI = —— gin -
Vra .

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

Kcompression _=2(s/2) a T _ " (g)
1 F 2 a

Setting K;ens + Kiomp

wit @) -3 5 - @)

or sin-l (E) -z
e a 6

or, b = 0.5a

= (), we get

1f we assume b = 25% of the circumference is under tension oy 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.
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‘ 2.7.3 Conclusions on Crack Arrest
Based on the above material, the following conclusions may be drawn:

1. Since the applied loading is predominantly displacement controlled,
the stresses can be expected to relax as the cracks grow. Crack

arrest is therefore expected.

2. The residual stresses due to fabrication vary from tension t> compres=
sion. As the cracks propagate into regions of compressive stress,
the K value reduces to zero. Even for extremely conservative assump-

tions, crack arrest can be shown for a 50% circumferential crack.

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

due to vibration (e.g., flow-induced vibration).
2.8 STRUCTURAL INTEGRITY WITH CRACKS

From the discussion of the potential stresses in the core spray sparger
(Sections 2.5 and 2.6), it is concluded that only deflection limited secondary
stresses approach 25% of the material yield strength (except for self equili-
brating thermal stresses). 1f a 360° throughwall crack is postulated at any
location on any sparger arm, the remaining stresses will not nroduce a failure
at any other location on the sparger. The AP stress and the stress resulting
from an axial load in the pipe due to bracket friction are proportional to the
cross-sectional area of the p.pe. The load from AP and friction was found to
be <1000 1bs, Assuming a yield strength of 30,000 psi at core spray flow
temperature, an area of less than 0.033 in.z is required to maintain continuity.
This area is much less than the original pipe metal area of 3.17 in.z. The
bending type stresses are all deflection limited secondary stresses. The
discussion in Section 2.7 shows that cracks are expected to arvest, since the
driving stress will be relieved. The bending loads may, however, in a worst
case, cause an existing crack to open up by an additional 0.005 in., assuming

the existing crack has progressed 360°. This is a geometry limited condition.
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It is concluded that uo loadings have been identified which could result in

stresses that would cause the spargers to break during normal plant operation,

transients, or postulated loss-cf~-coolant accidents.
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Table 2-1
POSSIBLE CAUSES OF CRACKIM

Possible Cause

1. Sparger Arm
Near T-Box

2. Sparger Arms

Away from
T-Box

*Sensitization and cold wor

Sensitization by Welding.

Cold Work Followed by
Weld Sensitization

Weld Residual Stresses

Fatigue (thermally Induced)
Fatigne (Fiow-Induced Vibration
Sensitization from Fabrication

Cold Work Followed by
Sensitization

Local Heavy Cold Work

Fatigue

k state of spargers not yet

2-21

Evidence
ition of cracks

_‘mate 5% Cold Work
.ar T=Box

~ation of cracks
‘7's are Low
‘mplitudes are Limited
hone*®
Pipe Bend Forming*,
No Evidence of
Sensitization

None*

Same as in 1. Above

known.
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CORE SPRAY SPARGER

Figure 2-2. Core Spray Sparger - Plan View
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105.75 in

@@

Figure 2-6. Pipe Bending Method
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Figure

2-17.

INITIAL CONFIGURATION

LOAD APPLICATION DURING FABRICATION

FINAL DEFORMED SHAPE AFTER LOAD REMOVAL

Sequence of Events Leading to the Residual
Stress Distribution
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ROOM TEMP (74°F)

—

!. g = 343 ks
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y 3
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Figure 2-8. Bilinear Stress-Strain Curves for Type-304

Stainless Steel
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INSTALLATIONAADIAL MISMATCH

BIFFERENTIAL WFLD
SHRINKAGE AT 780X

FOR SHRINK = 1/8in
o AT T-BOX = 21 ksi (ELASTIC)

ASSUME R1 = 10475
R2 = 1056.75
UMIFORM FORMING
e =1.0%
o =38 ksi (FROMo — ¢ CURVE)

TASE?

o

Figure 2-1 Postulated Installation Stresses
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Figure 2-13.

Stainless Steel
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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
Peach Bottom core spray sparger willnot break and result in loose pieces in

the reactor. However, an evaluation of the possible consequences of a poten-

tial loose piece is presented in this section.

3.2 LOOSE PIECE DESCRIPTION
Since a piece has not been lost, it cannot be uniquely described. Three
different types of loose pieces are postulated in Section 3.4.2: (1) a sec-

tion of sparger pipe; (2) an outlet nozzle; and (3) a small piece of *he

sparger. The entire sparger is fabricated of Type-304 stainless steel.

3.3 SAFETY CONCERN

The following safety concerns are addressed in this safety analysis:
1. Potential for corrosion or other chemical reaction toreactor materials.
2. Potential for fuel bundle flow blockage and subsequent fuel damage.
3. Potential for interference with control rod operation.

3.4 SAFETY EVALUATION

The above safety concerns for the postulated loose pieces are addressed in

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

addressed.

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
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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 f’uid 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 of thé.spar"er cannot

reach the fuel assembly inlet orifices by falling down inside the core shroud

as the core support plate and the loaded core will prevent this. For a part

of the core spray sparger to reach a control rod, it must first traverse the
upper plenum from the outer region of the shroud toward the center, which is

unlikely, then fall through the restrictive passage between two fuel channels.
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 to any reactor material.

3.4.2 Postulated Loose Pie-es

3.4.2.1 Sparger Pipe

The sparger pipe is 4-in. Schedule 40 pipe and is attached to the core shroud
at six locations (T-box plus five brackets). The maximum span between supports
is about 38-1/2°, which corresponds to approximately 71 inch2s. In order to
generate a locse piece of pipe, two throughwall cracks would have to propagate
360° around the sparger. The weight of the largest pipe segment would be

approximately 90 1b.

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 handles; or (3) in an unlikely evert, the top surface

of the core plate. In all three of these locations, the flow velocity is

low and insufficiznt to 1ift a segment of the pipe. Therefore, it will remain

at one of these locations (see Appendix C for flow velocity calculations).

3-2
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A 90-1b piece of pipe which falls from the core spray sparger will not harm
the core plate, top guide or fuel assembly handles, since these components

are 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
bewween fuel channels, it will not cause any interference with control rod

operaticns.

3.4.2.2 Spray Nozzle

Each spray nozzle consists of two l-in. elbows fabricated of Type-304 stain-
less steel, which are welded to the sparger. In order tc generate a loose
nozzle,a throughwall crack would have to propagate 360° 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 plate or on the
top surface of the top guide. The flow velocities in these regions are
ipsufficient to lift the nozzle, thus, it will remain at one of the above

mentioned locations.

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

channels; thus, it cannot cause any control rod interferences.

3.4.2.3 Small Pieces

A small piece of the sparger could become loose if both longitudinal and cir-
cumferential throughwall cracking occurred. A small piece could be lifted

by the flow if it maintained an orientation with its maximum projected area
perpendicular to the flow. Due to flow turbulence and nonsymmetry of the
loose part, the part will tend to rotate so that the minimum projected area
will be perpendicular to the flow. With this orientation, all parts with a
length of greater than approximately 0.4 in. will sink (Figure 3-7 of Refer-

ence 3-1). Thus, most pieces will not be carried by the flow toward the

33
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steam separator. However, in the unlikely event that a piece reaches the
steam separator, it would have to pass through the steam separator turning
vane (Figure 3-2). The turning vane has eight curved vanes. The outlet

of each vane overlaps 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 with its long dimen-

sion in a horizontal plane is shown in Figure 3-3.

It is very unlikely that the flow velocities would carry either of these
maximum sized pieces through the turning vane. After passing through the
turning vane, the fluid momentum is reduced as the water is removed. At the
separator exit, the fluid is almost entirely steam. A typical water content
is 1 weight percent. Thus, it is very unlikely that any piece could be car-
ried out of the separator by the steam. 1f 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 most likely be driven by jet pump flow to the bottom of the
reactor pressure vessel where it would most likely remain. However, per
Reference 3-1, a small piece could be carried by the flow up to the flow

inlet orifices. The orifice sizes are 1.244, 1.469 and 2.211 inches.

It is extremely unlikely for a piece larger than the 1.244-in. orifice and
essentially impossible for a piece larger than the 2.211-in. orifice to be
carried through the steam separator. The outside diameter of the sparger is
4.5 in., while the fuel inlet orifices are slightly recessed relative to the
surf. e of the control rod guide tubes (Figure 3-4), which have an outside
diameter of 10-7/8 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 wnuld 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 insignificant.
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The flow velocities near the sparger are lower than those above the fuel

assemblies. Thus, it is unlikely that a .mall 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 could fall

on top of a fuel assembly or between fuel assemblies.

Figure 3-5 shows a typical unit cell of four fuel assemblies and one contrcl

rod. The control rod moves in the gap between the fuel channels. The gap

between fuel channels is 0.75 inch. The length of the gap between the channel

spacer and the channel fastener is 2.3 inches. Thus, any piece larger than

2.3 in. by 0.75 in. cannot cause control rod interference. The cortrol rod

thickness is 0.312 in. and the diameter of the control rod rollers is
0.520 inches. Thus, pieces smaller than 0.334 in. will fall past the control
cod without causing any interference. A piece of preciseiy the right size

could be in contact with the control rod and one or two fuel charnéls. Such

a piece might be detected during the normal control rod exercising. The rods

are inserted one notch and withdrawn one notch each day. It is also possible,

though unlikely, that a piece might wedge between two fuel channels above the

control rod and thus not be detected by normal control rod operation. If the

rod were to be inserted, the control rod mechanism has enough force to lift

one fuel assembly with the reactor at normal operating pressure. 1f the fuel

assembly were lifted 1 or ? inches, it would be able to move horizontally
at both the bottom and the top, thus most likely relieving any interference.

The rod wou!d then insert and the fuel assembly would fall back into place.

Thus, it i{s very unlikelv that any control rod will fail to insert.

One of the licensing bases of the reactor is that the highest werth control

rods can be fully stuck out and the reactor can be safely shut down. Thus,

unacceptable control rod interference will require multiple precisely-sized

pieces interfering simultaneously with control rods that are in close prox-

imity to each other. The probability of this is judged to be insignificant.

3.5 CONCLUSION

The probability for unacceptable corrosion or otuer chemical reaction due to

a loose piece is zero. The potential for unacceptable flow blockage of a

3-5
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fuel assembly is essentially zero. The potential for unacceptable control rod

interference is essentially zero.

3.6 REFERENCE

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

Reactor", October 1977 (NEDO-10174, Rev. 1).
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4. LOSS-OF-COOLANT ACCIDENT ANALYSIS WITH NONUNIFORM
SPRAY IN ONE SPRAY SPARGER

4.1 INTRODUCTION

This section describes the methods used to evaluate the MAPLHGR requirements to
meet 10CFR50 Appendix K for the Peach Bottom Reload 5, Cycle 6, assuming ao
credit for core spray cool .ng from the cracked core spray sparger. The input .
to the apjvoved 10CFR50 Appendix K computer codes are discussed in Section &.23
the gener 1 sensitivity of the loss-of-coolant accident analysis (LOCA) results
to the spray cooling is discussed in Section 4.3; the results of the analysis

are given in Section 4.4 ard the conclusions are presented in Section 4.5.
4.2 INPUT TO THE LOCA ANALYSIS

The approved versions of SAFE, REFLOOD, and CHASTE codes were used to evaluate

the impact of a cracked core spray sparger in Peach Bottom-2.

The potential effects of cracks in one core spray spairger is to cause nonuniform
spray distribution from the sparger. If the second sparger is injecting flow
(i.e., the other core spray system is operable), the postulated effect could
only reduce the amount of spray flow to the hot fuel assembly by the contribu-
tion from one sparger. This effect is conservatively modeled by setting the
spray heat transfer coefficients in the CHASTE heatup code to one-half of their
Appendix K values. This is the same assumption used in standard Appendix K

analysis to model a core spray system out of service (Reference 4=1).

If one core spray system is rendered inoperable due to the assumed single

failure per Appendix K, the remaining sparger may be assumed to be the one with
cracks. The bounding effect (the assumed loss of all spray to the hot fuel
assembly) can then be represented by setting the spray heat transfer coefficients

in CHASTE to zero.

Therefore, in summary, the effect of cracks in one sparger is represented
conservatively in this calculation by setting the spray heat transfer
coefficients to zero or to one half their standard value, depending on the

single faiiure analyzed.

4-1



This representation is very conserv.’ - 4s discussed 1 ‘- 1lowing
paragraphs.

Counter current flow limiting (CCFL) is the phenomenon . . .ed with a steam
updraft limiting the downflow of water through a flow p- ich, in this

case, is the fuel assembly. The steam updraft in the f «mbly (due to
flasning during blowdown and to spray evaporation on the« r»ds subsequently)
can, under certain conditions, limit the downflow of s; or to an amount
smaller thau the spray injection rate in the upper plen .s CCFL is a
function of the subcooling of the water in the upper pl <cause subcocling
can quench the steam updraft and cause the CCFL to "bre. . on," eliminating

the "holdup" of the coolant downflow.

Currently-approved Appendix K LOCA models assume saturatel water CCFL condi-
tions and conservatively ignore the inventory buildup of coolant in the upper
plenum. Recent larpe-scale tests confirm that the CCFL "breakdown' can occur
soon after spray initiation, causing downflow of the upper plenum inventory
and rapid reflooding of the core. Following this, a residual pool of water
remains in tk2 upper plenum, ensuring uniform delivery of coolant to the

individual fuel bundles.

The present core reflood time f1om Appendix K models does not model CCFL
breakdown or the residual pool in the upper plenum. The effects of saturated
CCFL modeled in the REFLOOD model produce an overly conservative estimate of

the core reflooding time. If a crack, or cracks, forms in one sparger to the
extent that the flow rate through the spray nozzles is reduced, then more
injection will occur at the core periphery which will most likely cause localized
subcooling and CCFL breakdown. This would reduce the reflooding time for

Peach Bottom-2 up to 100 seconds from the value calculated with the standard

Appendix K models resulting in PCTs up to 700°F lower.

On the other hand, if no CCFL breakdown occurs, the upper plenum inventory
builds up rapidly and ensures no reduction in coolant delivery irom the core
spray sparger system to the bundle and subsequently no degradation in cooling

heat transfer.

In addition to the above conservatisms, the 1973 ANS + 20% decay heat correla-

tion was used in the analysis per Appendix K. The technical community at this
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rime recognizes that the subsequent 1979 ANS decay heat correlation provides a
more realistic basis for evaluating ECCS performance. This decay heat ~orrela-
tion would further reduce calculated steaming rates and CCFL effects, as well as
the core heatup rate, which would reduce the calculated PCT an additional 200°
to 400°F.

4.3 SENSITIVITY OF LOCA ANALYSIS TO NON UNIFORM SPRAY

For the Peach Bottom plant, there are no single failures for any break location
(other than a core spray line break) that can render both core spray systems
inoperable. For core spray line break, there are always at least two low pres-
sure ECCS pumps available, ensuring timely reflooding. For medium and large
break sizes (which depressurize relatively fast), the most limiting failurcs
are those that result in the least number of emergency core cooling sysiem

(ECCS) pumps remaining operable.

The two single-failure candidates that are potentially limiting for medium

to large 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 Failure - 2 core spray + HPCI + the ADS operable

Since the HPCI (High Pressure Coolant Injection) is steam turbine powered,
it is not a significant contributor to mitigating medium to large breaks.

Also, since the function of the ADS (Automatic Depressurization System) 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 each results in a dependence on only

two ECCS.

Per the Reload 5 analysis, failure candidate B (LPCI Injection valve failure)
{s limiting because of the conservative modeling of CCFL at the fuel assembly

upper tie plates, which limits the downflow from the core sprav systems and

prolongs reactor reflooding.

4-3
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These two single-failure candidates were re-examined for larger breaks assum-
ing a cracked spray sparger as described in Section 4.2. The limiting single
failure, break size and location does not change, since the calculated core
uncovery and recovery times and the reactor depressurization rates do not

change with the methods described in Section 4.2.

For emaller break sizes, the limiting single failure is the high-pressure ECCS
(HPC1), ~ince the LOCA transient is a high pressure transient that is limited

by the time required to either reflood the rea~tor with the high pressure

system or the time to depressurize the reactor so that the low pressure systems
become effective. Furthermore, the effects of 7CFL 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 cooling and reflooding occurs very
rapidly oace any one or two of the six low pressure ECCS begin injecting coolant

into the reactor vessel.

Only medium and large break LOCAs are significantly affected by core spray
sparger cracking, and the effect is only significant with the conservative
assurscion of no CCFL breakdown in the peripheral bundles coupled with an

assumed nonuniform spray distribution.

4.4 ANALYSIS RESULTS

The most limiting fuel type and exposure combination for the limiting LOCA
per the Reload 5 analysis results is a calculated PCT of 1965°F. This is for
prepressurized 8x8R fuel at an exposure of 20,000 MWd/t and a MAPLHEGR of

12.3 kW/ft.

A reanalysis of this limiting case with the unrealistically conservative assump-
tions discussed in Section 4.2 results in a calculated PCT of 2075°F. Therefore,
a maximum increase in PCT of 110°F bounds the effect of a cracked spray

sparger for all fuel types and exposures.

A calculation of the maximum PCT for the limiting break with a single failure
of a diesel generator using the cracked sparger assumptions of Section 4.2

results in a PCT of less than 1700°F.

4=4
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’ 4.5 CONCLUSIONS

A conservative analvsis of the effect of one cracked core spray sparger in

the Peach Bottom-2 BWR results in a maximum increase in PCT of 110°F.

Since the Reload 5 analysis shows a minimum margin f 235°F to the 10CFR50
Appendix K limit of 2200°F, the maximum increase in PCT of 110°F can be
accommodated with no change in MAFLHGR limit.

Thus, with cracks in one core spray sparger and with the MAPLHGR limits
unchanged, Peach Bottom-2 retains a minimum of 125°F margin to the 2200°F
PCT limit. This PCT margin is still in excessof the PCT margin taken credit
for in the generic study on the effect of increased fission gas at higher

exposures (References 4=2 and 4-3).
4.6 REFERENCES

‘ 4-1 SER, 0.D. Parr (NRC) to G. G. Sherwood (GE), "Review of General Electric
Topical Report NEDO-20566, Amendment 3," June 13, 1978.

4-2 R. E. Engel (GE) to T. A. Ippolito (NRC), "Extension of ECCS Performance
Limits," MFN-077-81, May 6, 1981.

4-3 R. E. Engel (GE) to T. A. Ippolito (NRC), "Additional Informati .
Regarding Extensien of ECCS Performance Limits, MFN-102-81, May 28, 1981.
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‘l' APPENDIX A

STRUCTURAL ANALYCIS
OF THE
PEACH BOT™ )M 2 CORE SPRaY SPARGER

Summar
Stress
1. Sparger Pipe (1b/in.2
Bending - Seismic 853
(No Break) - Impingement 698
Bending - Seismic 901
(Break) - Impingement 737
Bending - Thermal Mismatch 2980
24 Nozzle
Normal (Weld) 5460
. Shear (Weld) 5700
3. Bracket (Lower)
Normal 5140
Shear 1502
Normal (Weld) 3540
Shear (weld) 633
&, Bracket (Middle)
Normal 9030
Shear 201
Normal (Weld) 2233
Shear (Weld) 215
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' A.1 DESIGN LOADS

A.1.1 Impingement Loads (to deflect flow 90°)

/uu,mouucone R .

o
™
]

—— o = 45.87 1b/ft> @ 550°F

4.5
P* 12

vV = 10.0 ft/sec*

-

F _ 45.87 (10.0)° (4.5/12)
L 32.2

£ = 53.4 1b/ft = 4.45 1b/4n.

A.1.2 Pressure/Flow Loads

Maximum Flow = 8000 gpm** (Rated Flow = 6250 gpm)

. 1 min fr3
Q 8000 gal/min x 50 sec X 7.48 sl
= 17.83 ft’/sec
‘ *erv conservative - more realistic value is "2 ft/sec.

**See page B-5, Appendix B.
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B Maximum pressure in sparger arm

APm?as = 29 psig @ 6068 gpm

)
8000\
Apmax 29 (6063) = 50.4 psig

- Pressure load on spaiger segment

2 " 2 2
F & = — = — 4 = 2
F AP A A 4 di A (4.026) 12.73 in.

F = 50.4 (12.73) = 642 1b
max —_—

* Maximum nozzle flow

The l-in. VNC nozzle has the highest flow rate and will produce the

maximum nozzle thrust.

—.*‘—MG " 2 2 2
A, = — (1.181° - 0.3137) = 1.018 in.“ (min.)

P—
&

2 2
(1.75 - 0.3757) = 1.804 in.

-
<O
>
ro
(]
I E

o = 62.2 1b/ft3 @ 80°F

2 — I 72 gpm @ 6068 gpm test flow
l#—m _ ., (8000 _
max ~ (6068 95 gpm
1.181 MIN
i 95(62.2) _
"max = 60(7.48) 13.2 1b/sec
130
wm,ax 13.2(144)

| w BEE g SSRlAl ol - @ i
- Y 62.2(1.018) 30 ft/sec @ nozzle exit
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‘I' A.1.3 Nozzle Thrust

Y HEADER Y

1-IN. VNC NOZZLE

| ™o

F_ = AP A + ——
o :

AP 25 psi @ 6068 gpm test flow

s
) ,s (8000} _ a
AP 25 (6086) 43.5 psi @ runout

2
A= Z d“ , where d = 1.181 In. (the minor dia. of l-in. straight
internal threads)

" 2 2
A= (1.181)° = 1.095 in.

wma\ 13.2(144)

: max _  iJ.e 84) _ » taec @

v Y 3.3(1.095) 28 ft/sec @ exit from header
2.2(28)° 1.095

F = 43.5(1.095) + -f““SfE) (1.093) 60 1b

(144)

. y e



NEDO-22139

2
Fz = 5—{——é'+ Af': v = 30 ft/sec (see Section A.1.2)

| 62.2(30)°(1.018) _
z 32.2(144) —= =

A.l.4 Weight
4-in. Schedule 40 pipe
wpipe = 10.8 1b/ft
W = 5.5 1b/ft

water

W= 10.8 + 5.5 = 16.3 1b/ft

- 16:3 . 1,36 1b/in.

A.1.5 ﬁiﬁEﬂFFB_DEEDEB_IhEEPal Expansion

°0
3625° 18°
18°
° 1
ma ! 30.4°
31414 smackeT] &
WLET
TEE
BRACKET
4 BRACKET CENTERLINE
n4 CENTERLINE g 38.4°
g CSPwE
78 7°
- BRACKET BRACKET .
CENTERLINE CENTERLINE

A-5
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216 .

Rs - -'2—— + B = 108.75 in.
216 4.5

Rc = "2 105.75 in.

Shroud = 550°F

CS Pipe = 198°F l (See page B-2, Appendix B)

AT = 352°F
AR = a R AT a= 9.6 x 10'6 in./in.=-°F for SST

-
R = :%9 = 108 in. at shroud-to-pipe interface

For 90° arc

BRgge = 9.6 X 10°% (108)(352) = 0.365 in.

For segment” assume .

AR = AR,.o (1 = cosB) = 0.365 (1 - cosb)

90
0°
18° '
\ 'JNL!TTEE“HX!DD
s34°
‘\ \
N
.1‘P —_ \ \ — '

A-6
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‘ bRygo = 0.365 (1L - cos 15°) = 0.0124 in.
AR53.6° = 0.365 (1 - cos 53.4°) = 0.1474 in.
AR91.8° = 0.365 (1 - cos 91.8°) = 0.3765 in.
AR-38.4° % 0.365 (1 - cos 38.4°) = 0.0790 in.
AR—76.8° = 0.365 (1 - cos 76.8°) = 0.2817 in.
*"l\-
.
-

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

3 3
WR uWR
AR o e - 20) - & - 3
AR 4EL (26 sin 26) AEL (cos 26 4 cosB + 3)
4EILR

R3 (26 - sin 28 - ucos 286 + 4 ucos 8 - 3p)

2

£ = 28 x 10° 1b/1n. R = R_ = 105.75 in.

1= 4.5% - 4.026%) = 7.23 1n."

u = 0.2 (coefficient of friction)

 4(28 x 10°)(7.23)8R :
(105.75)3(29 - sin 20 - 0.2 cos 26 + 0.8 cos @ - 0.6)

A-7
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- 684.7 LR
(20 - sin 26 - 0.2 cos 26 + 0.8 cos8 =~ 0.6)

s 684.7(0.0124)
o
15 (2w x fﬁ% - sin 30° - 0.2 cos 30° + 0.8 cos 15° - 0. 6)

W = 367 1b

684.7(0.1474)
i 106.8° - 0.2 cos 106.8° + 0.8 cos 53.4° - 0.6)

W =
53.4° 53.4
(Zw X 180

120 1b

684.7(0.3765)

o180 7 (2n x 25 - atn 193.6° - 0.2 cos 183.6° + 0.8 cos 91.8° - 0. 6)
=91 1b
Vong v ® T 684.7(0.0790)
(2r x 25t - sin 76.8° - 0.2 cos 76.8° + 0.8 cos 38. 4 - 0.6)
= i55 1b
. 684.7(0.2817)

276.8"
76.8 (2ﬂ - 76.8

° °
6:8 _ atn 153.6° - 0.2 cos 153.6° + 0.8 cos 76.8° - 0.6)

96 1b

A.1.6 Flow-Induced Vibration - Natural Frequency

The vortex shedding frequency, fn, is given by:

fv D
*‘V" = (0,21

A-8
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. v = velocity past the shroud wall = 10 ft/sec*
p = sparger pipe diameter = %ﬁ? ft

| 0.21(10)
.=t~ > B

General Electric design basis requires natural frequency:

Calculate the natural frequency of the unsupported sparger segmert. Assume

the segment acts as a cantilever and has a uniform load, w (lbs per unit

length):
:j -
/] Ka  [El
A4 PPty fmm LG
? J wL
/7
7 . ﬂ{ .
‘ﬁr‘* kn 3.52
- 6 2 4 2
¢ = 25.75 x 107 1b/in. I =7.23 in. g = 32.2 ft/sec
L = <£2-x » x 105.75 = 28 in. (distance from crack to nearest support

180 bracket)

w = 1.36 1b/in. (Section A.1.4)

"
¢ . 352 \/EE;]§ x 10 (7.23)232.2)(12) . 167 ¥z
1.36(28)

Ratio = = =

#Very conservative - more realistic value is 2 ft/sec.

A-9
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the sparger by examinirng the longest seg-

. Calculate the natural frequeacy of
Assume this section has a uniform load, w, and

ment between support brackets.

both ends are simply supported:

=

bibb bbby

1= 7.23 ln.a

£ = 25.75 x 10° 1b/in.2 g = 32.2 ft/sec’

38.4
L 380 x 7 x 105.75 = 71 in.

w = 1.36 1b/in.

. 9.87 [25.70 x 10%(7.23)(32.2) 12) _
’ 1.36(71)"

~
’
=
N

l

sk n_ 72
Ratio f 5.6 3

parger by examining the longest seg-
This case is

Calculate the natural frequency of the s
en support brackets ignoring an intermediate support.
L=2x 71 = 142 inches.

ment betwe

the same as the above case except that

72
fn -‘Ti = 18 Hz

£
n

Ratio £ - 5.6 3
v
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5 Calculate the natural frequency of the sparger by considering the sparger arm

as a "free-free'" beam (or floating ship). Assume the arm has a uniform load,

w, and is free to rotate at the three support brackets as shown below:

K =K = 61.7
n Fa

g = 25.75 x 10° 1b/1n.2

I =7.23 in.“ g = 32.2 ft/sec2

w = 1.36 1b/in.

L = 97,3 x 17 x 105.75 = 180 in.

6
61.7 \/25.75 x 10 (7.23)232.2)(12) 30 &a
1.36(180)

STRESSES DURING NORMAL OPERATION AND DURING CORE SPRAY INJECTION

>
ro

A.2.1 Sparger Pipe

A.2.1.1 Impingement Load and Seismic

Impingement Only

w, = -4.45 1b/in. (upward) (Section A.l.1)

A-11
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Seismic Only - Assume 3g (Very Conservative)

w, =W t 3u w = 1.36 1b/in. (Section A.1.4)

= 1.36 - 3(1.36) = -2./2 1b/in. (upward)

W
S

w = 1.36 + 3(1.36) = 5.44 1b/in. (downward)

s

Impingement + Seismic

- <4.45 - 2.72 = =7.17 1b/in. (upward)

A

- -4 45 + 5.44 = 0.99 1b/in. (downward)

W

Assume No Break

For simplicity, assume continuous beam - three equal spans.

HHHHHHHHH&

1

R, =040 A g” 110 uR o= 110wk Rp = 04C
0.40 Wt 0.80 0.80 i
SHEAR Bb) nw
0.80 oA 0.50 A 040 Wi
010 A° 090 we?
MOMENT Gin b) i ' ;
+0.028 A2 Jy
0.08 wi? 2
U wi +0 OB &
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L = %2&; x 7 x 105.75 = 71 in.

M = 0.10(5.44) (71)% = 2732 1n.-1b
max
o w28 [ = 7.23 in.% c® 353 = 2.25 in.

2742(2.25) _ 2
Omax =333 g::: 1b/in.“ (Seismic)

4.45 2
S 853 (5 ““> 698 1b/in.“ (Impingement)

Assume Break

Assume two equals spans, uniformly loaded with end moment M3 and force P3

at the third support.

-

RERTAAREREAN,

.:L;} ‘_:"

From the theorem of three moments .

-

~

A-13
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I
4

w
2 8

M3 {s caused by the cantilevered section of pipe between the support

bracket and the break:

Likewise, P3 is caused by the cantilevered section:

P3 = wl3

For Seismic .
= 28 in. L =71 in.

w = 5,44 1b/in. £

P3 = 5.44(28) = 152 1b

M

2
. §1fﬁ§3§l— « 2132 in.-1b

M. = 5.6&(71)2
"2 8

. ztfz - 2895 in.-1b (max)
. - I =7.23 in.* c - 353«- 2.25 in.

s = 2895(2.25) _ g1 1b/in.?

A-14
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' For Impingement .

w = |=4.45| = 4.45 1b/in.

4.45
P3 = 152 (5.46) = 125 1b

M, = 2132 (ﬂ:ﬁé) = 1744 in.-1b

M, = 2895 ("“5

2 5.&&> = 2368 in.-1b

2.25"

9 = 2368 (—L—— = 737 lb/in.2

max Tk

Determine reaction loads for seismic + impingement:

w = 7.17 1b/in.

‘ M M

) of . 5 Y3 7.17(71) , 2811 _ 3815 _ ,,
Ry = Py + =5 L ol 201 + 3 + 553 h 441 1b
© a L _ My 2.17071) _ 3815 _ 501 1p
R e 2 71T =
M, M
, 2 % ., 3815 _ 2811 _
Ry = ob +2 -5 (M5 =My = 70700 + 25 = 57 577 1b

Rl + R2 + R3 = 1219 1b

checks

w (22 + :‘) = 1219 1b

A.2.1.2 Differential Pressure

AP = 50.4 psi
max

R0 = 4.5/2 = 2.25 in.

A-15
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‘ R1 = 4.026/2 = 2.013 in.
¢ = 0,237
nom.
tmin = 0.237 - 2[0.003 (corrosion allowance)] = 0.231 in.

. Hoop Stress

PR
s (N ZQL_L_Lflll « 440 1b/in.>

4
t 0.23

N

. Axial Stress

PRy 440
g = -
t

2
——— ) w— O 2
3 5 220 1b/in.

‘ A.2.1.3 Mismatch Due to Thermal Expansion

M = WR sin8 - uWR (1 - cosB)

“r_-\\) M = WR [sin® - u(l - couf)]

.\l &

Assume u = 0.2 (Coefficient of friction)
R = 105.75 in.

’ See Section A.1.5 for loads at each bracket:

A-16
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e 15° Bracket
M, g0 = 360(105.75) [sin 15° - 0.2(1 - cos 15°)]
= gggg in.-1b (Maximum)
e 53.4° Bracket
Moy 4 = 111(105.75) [sin 53.4° - 0.2(1 - cos 53.4°)]
= 8580 in.-1b
® 91.8° Bracket
M91.8° = 79(105.75) [sin 91.8° - 0.2(1 - cos 91.8%)]
= 6630 in.~1b
e -38.4° Bracket
M_yg 40 = 147(105.75) [sin 38.4 = 0.2(1 - cos 38.4°)]
= 8980 in.-1b
e ~-76.8° Bracket
M_.6.8° " 86(105.75) [sin 76.8° - 0.2(1 - cos 76.8°%)]
= 7450 in.-1b
e ® %? c = 352 = 2,25 in.
I =7.23 in.“
Oy ™ 9599(2.23) - 2980 1b/1n.2
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A.2.2.1 Nozzle Thrust

/

VARIES -
ASSUME 15°

012

Weld properties:

[ = - (1.76* = 1.52%) = 0.209 in.”
n 4 4 _
K = 2 (1.76% = 1.52%) = 0,418 in.

) 2 g
A= — (1.76° - 1.527) = 0.618 in.”

¢c = —=— = (0,88 in. t = 0.12 in. r = —3- = 0.88 in.
Loads:
‘ F\_ = 60 1b fz' = 12.3 1b (See Section A.1.3)

P = 43.5 psi
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‘ The resulting loads at the weld are . . .

Faxial = y = 60 1b

F =F~” =12.3 1b
shear z

T, aton ™ P 3.29(12.3) = 40.5 in.-1b

M =1.96 F ~ = 1,96(12.3) = 24.1 in.-1b
moment z

The stresses are conservatively calculated as . .

oot R e, 26000.88) 60 6.35(0.88)
y =t T YA YT T 0.209 0.618 T 2(0.12)
® - +101 + 97 + 160 1b/in.’

o, = 358 1b/in.2 , 156 1b/in.’

T - ——  aq - a = 2 (thin wall cyl.)

_ 40.5(0.88) , , 12.3

0.418 2568+ 40

A-19
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‘ A.2.2.2 Differential Pressure

Assume 360° break, nozzle loaded by bracket.

SECTION 1.2)

F=842.8

0.12

The resulting loads at the weld are .

F = F = 642 1b
shear

. = 2,68F = 2.68(642) = 1720 in.-1b
torsion

M = 1.96F = 1.96(642) = 1260 in.~-1b
moment

The stresses are conservatively calculated as .

43.8(0.88) _

s oy awmiie @ @ S=aetssesisen - e e —— *

y I 2t . 0.209 2(0.12) ]

-

o, = =5,140 1b/in.” , 54599,1b/1n.2

@

5300 + 160
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t FS
- — % a Y a= 2.0

1720(0.88) , , 642 = 3,620 + 2,080
0.418  0.618

N

Txy = zflgg_lb/in.

2.3 Bracket (Lower)

/ T
//
/
../ 4+
V/
% !
2 :
// ] p——
- - . 4 LOWER BRACKET
?
g = 3.26 in L = (1 + cos 45°)(2.25) = 3.84 in.

3.26 | (1 - sin 45°)(2.25) = 2.29 in.

LRe =

ray

b = 0.38 in h = 0.25 in.
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A.2.3.1 Seismic and Impingement

Ry = 577 1b Rx = 0 Rz = 0 (Section A.2.1.1)

(Conservatisms - Uses highest bracket load at weakest bracket and assumes

seismic and impingement downward.)
Maximum stresses in the fillet weld . . .

R o
y _ Y2 __(577) 3 2
% = 5 TG0 - 2 Wi

v

o)

” =

Avg

~|

p- 3VZ LR =
y 3N y . 372 3.8 (77) . 3540 1b/in.”
Bending 2

h 2 h 22 0.25(3.26)% =

A.2.3.2 Mismatch Due to Thermal Expansion

. R, = 367 1b R, = u R = 0.2(367) = 73.4 1b
(Section A.l1.5)

Maximum shear stress in the fzllet weld is . . «

A % T Re , 2 M
2 hi 2 (b+h)(t-hh
where
M=i R,
L. 72 Q61 +13.4) V2 2.29(73.4)
2 0.25(3.26) 2 (0.38 + 0.25)(3.26 - 0.25)(0.25)
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® v = 382 + 251 = 633 1b/in.’

Maximum normal stress in weld is . . .

L .2 Ry , Mz R m?, 32
max = 2 ht hi(b + h) 2 hl2
where
M= R
X
, «0Z_0eD__, 32 (2.29)(367)
max 2 0.25(3.26) 0'25(3'26)2
M 73.4 - ,2(3 8‘.)2 " (0,38 + 0.25)2
0.25(3.26)(0.38 + 0.25) . ' 2
. o = 318 + 1342 + 779 = 2439 1b/1n.2
max e~
Maximum normal stress in the plate is .
R ¢ R C, LR_C
= - X & XY & z zZX
max A I
Xy zZX
A = 0.38(3.26) = 1.24 §n.°
3 3
_bi” 0.38(3.26)" _ 4
xxy '+ phedosneey ¢ 1.097 in.
« 3:26 _ 1,63 in.
xy
3 3
< b 3.26(0.38) " _ 4
A ¥ 0.01491 in.
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|l' c =238 090,19
Zx 2

L. b 2.29(367)(1.63) . 3.84(73.4)(0.19) _ 300 + 1250 + 3590

Opax =~ 1.264 1.097 0.01491

-~

3 = 5140 1b/in.*
max et

Maximum shear stress in plate is .

R +R, LR (32 + 1.8b) 3¢5 4 73.4

bk 12 b2 0.38(3.26)

T.

+ 2.29(73.4)(3 x 3.26 + 1.8 x 0.38)
(3.26)2(0.38)°

¢ = 356 + 1146 = 1502 1b/4n. >
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‘ A.2.4 Bracket (Middle)

»° E (:
P 4 2

ARRY AR
—

AR SARR Y AN

"NV AV

¢ = 12.12 - 2(2.25) = 7.62 in. b = 0.38 in.

1 » 1282 4 (1 - sin 30°)(2.25) = 4.9 in. h

)

"

0.25 in.

L= (1 + cos 30°)(2.25) = 4,20 in.

ie = (2.25 + 1.96) cos 15° + (1.50 + 1.18) sin 15° - 2.25 = 2,51 in.

A-25
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‘ Ly = 2.25 = (2.25 + 1.96) sin 15° + (1.50 + 1'218) cos 15°

LF = 3,18 in.

A.2.4.1 Pressure Load Only
F = 642 1b (Section A.1.2)

Shear Stress (Neglect torsion - small)

é? F V2 (642) = 238 1b/1n.2 (Weld)

Avg ht ~ 2 0.25(7.62)

642____ . 722 1b/in.? (Bracket)

. = %% " 0.38(7.62)

Avg

=i

(g
(=]

Stress Due

’ 2
e i 2,(0b+h
o J;F 7

max hi(b + EY

2
: $as 2 . (0.38 + 0.25)°

o = 2420 1b/in.> (Weld)

Bending

max
o = 5 c = 0.38 = 0.19 in.
max I 2
3 3
h ib” _ 7.62(0.38)° _ 4
1 12 12 0.03484 in.

M= (LF - h) F
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_ £3.18 - 0.25)(642)(0.18) _ 19 260 1b/in.’ (Bracket)

0.03484

®
max
A.2.4.2 Mismatch Due to Thermal Expansion Only

Assume :
(Section A.1.5)

R =R =1551b
*2

= 0.2(155) = 31 ib

R, =R
$a

Shear Stress

R, +R, e
2\ "1 2] _v2 62
Tavg 2 hi 2 (0.25)(7.62)
. ¥ i
. n = 23 1b/in.” (Weld)
avg e
R + R
Y v 62
Tavg bL 0.38(7.62)
n = 21 lb/tn.2 (Bracket)
avg —
Normal Stress
+R K, +R, 5
5 | 2 \/> 2 . (b+h)
2L + 3
(0.38 + 0.25)"

R
g " 2
O =3 T"ht  ~ hi(b + h)
61 ’ 2
5y % ([26:200° + .

V2 310
3 0.25(7.62) ~ 0.25(7.62)(0.38 + 0.2

O.
- 115 + 302 = 445 1b/in.% , =187 1b/in.2 (Weld)
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c = 0.19 1n. I = 0.0348 in.”
310 (4.20 - 0.25)(62)(0.19) _ .
O * 5TI8(7.62) © 0.0348 110 + 1340

2 _1230 1b/in.? (Bracket)

o = 1450 1b/in.
A.2.4.3 Combined Stresses During CS Injection

Shear Stress

2
Tavg ° 238 = 23 = 213 1b/4n. (Weld)

x =222 - 21 = 201 1b/in.’ (Bracket)
Avyg, ==

. Normal Stress

s = 2420 - 187 = 2233 1b/in.% (Weld)

s = 10,260 - 1230 = 9030 1b/in.> (Bracket)

A.3 REFERENCES

GE Drawing 731E779, "Core Spray Sparger."

GE Drawing 761E506, "Core Spray Sparger."

Roark, R. J., "Formulas for Stress and Strain," McGraw Hill, Fourth Editionm,

1965.
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Hopkins, R. B., "De~ign Analysis of Shafts and Beams," McGraw Hill.

"Machin.. o Handbook," The Industrial Press, 16th Edition, 1959.

Blevins, R. D., "Flow-Induced Vibration," Van Nostrand Reinhold Co., 1977.

Shields, C. M., Wade, G. E., “Core Spray Distribution No. 17, 251 Standard
Plant,” NEDE-13006-4, December 1, 1970.
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‘ APPENDIX B

SPARGER TEMPERATURE CALCULATTONS
B.1 SPARGER TEMPERATURE

Heat transfer coefficients for inadvertent spray injection are from pages

B-3 and B-4. o, $
Li = 5037 Btu/hr - ft2 - °F
» T
h_ = 365 Btu/hr - ft° - °F °
" /L.\\‘
K = 10 Btu/hr - ft - °F = !

(304 sst @ 200°F)

o
L}

4,5 in. t = 0.237 1in. Di = 4,026 in.

-3
[

water in sparger = 80°F

T = water outside = 550°F

>
n

n (?i%z§> 1 = 1,054 ftz (1 ft long section)

~

T (—9) | = 1.178 ft2 (1 ft long section)

-

L]

A = (9'0'2%1‘:)“:3) L = 1.116 ft° (1 ft long section)

The thermal resistance, R, 1is:
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= To - Ti
1 1 t
Ain Tan tax
ii oo P
1
A h (To - Ti)
AT = Q B 2
film outside tho 1 * 1 + 1
Ah A h A K
. i | oo P
1
A.h (T i Ti)
AT N - g |
film inside 1 ) 1 + t
Ah, Ah A K
ii oo P
1 1 t
X = + 4
Aihi tho A K
1 + 1 0.237/12

X = 17555 (5037) 1.178 (365 & 1.116 (10)

x = 0.000188 + 0.002326 + 0.001770 = 0.004284

0.002326 (550 - 80) _ ;550

AT¢ 4 1m outside 0.004284

Outside metal temperature = 550 - 25% = 295°F

AT . 0.000188 (550 - 80) _ 21°
film inside 0.004284

Inside metal temperature = 80 + 21 = 101°F

285 + 101

Average sparger (pipe) temperature = —™

= - -nrﬁ
8T gracket to pipe 550 - 198 = 352 ¥
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. In practice, tne core spray pumping system cannot inject into the reactor
until the pressure reaches 300 psia, where T“t = 417°F. 1In this case, the

° - o - R _
ATBracket to Pipe {s less than 337°F (417 - 80)*. Thus, the above caicula

tion bounds the inadvertent injection case. It also bounds the case of core
spray operation during LOCA for the same reason.
B.2 CONSERVATISMS
1. Bounding for reason described above.
2. Assumes stcady-state conditions (Qo = Qp = Qi)'
3. Neglects heat conduction from pipe.
4. Assumes runout flow,
‘ B.3 REFERENCES

1. Kreith, "Principles of Heat Transfer"”, International, 1969.

2. Welty, et.al., "Fundamentals of Momentum, Heat and Mass Transfer",

John Wiley, 1969.
B.4 HEAT TRANSFER COEFFICIENTS

B.4.1 Inside Sparger Arm (Near T-Box on Long Side)

Assume average film temperature = 90°F

2
n [4.026 2
%o * O = Aflow “% ( 12 ) 0.0884 ft
o = 62.1 1b/ft> @ 90°F
*ATfilm inside and ATpipe are ignored.
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v = 0.833 (10°%) ft’/sec

w = 7980 gpm = 1102 lb/sec

Total

Arm

v

97.5
360

W = 1102 (———;)- 298.5 1t/sec

298. 5 = 54.4 ft/sec

=
"

W
" Ao  0.0884 (62.1)

0.023 R " P
e

0.8 1/3
W

o o 4:026 ( 54. 4 _) s 4 I

e” 12 | 4,833 (107)
P_ = 5.20 @ 90°F
0.8
N, = 0.023 (2.19 x 106) (5.200/3 = 4,707
4.020
LA e
K - M

4,707 (0.359)

K = 0.359 Btu/hr - ft - °F @ 90°F

1" 74,026

2 Outside o

= - 2 - °
712 5037 Btu/hr ft F

f Sparger Arm

. Assume averag

. Assume averag

. Assume that h

~

e water velocity is I ft/sec.

e film temperature = 420°F.

eat transfer is like a cylinder in cross flow.
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v = 0,169 x 10'5 fe’/sec @ 420°F

K = 0.375 Btu/ft - hr - °F

P = 0.932
r
h D
co, [0.35 +0.56 (R ) 0.5 ] p 0-31
K e 4
4.5
D0 12 ft
R = 2(4:5) . 4.438 x 10°

12 (0.169 x 10~

0.5
0.375 [ ( 5) ] 20.31
o " 4.5/12 0.35 + 0.56 \ 4.438 x 10 0.932

- g
"

.
365 Btu/hr - ft° - °F

- 3
n

B.5 PUMP HEAD/RUNOUT

Shutoff Head = 300 psia (Q = 0)
= 6250 gpm @ 125 psia

QRated

P=7P ¢ ?
s - ¢ @

where PSH = shutoff head

125 = 300 - C (6250)2

B-3
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300 - 125

62502

= 4,48 (10-6) psi/gpm2

@PpP = 14.7 psia (Runout)

P
QRunout - \/TSHC 200 -‘157 = 7980 gpm = 8000 gpm
a8(10

W L 7980 (62)
Runout 60 (7.48)

= 1102 1b/sec
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APPENDIX C
FLOW VELOCITY CALCULATIONS

This appendix describes the calculations for the flow velocities supporting

statements in Section 3.4.2.1 of the text.
C.1 FLOW VELOCITY IN BYPASS REGION
Assumptions:

1. The plant is operating at rated power (3293 MWt) and flow 102.5 x

10° 1b/hr.

2. The flow in the bypass regions is homogeneous.
3. The bypass flow fraction is 12% (12.0 = 106 1b/hr).
.. The water in the bypass regions is saturated.

5. There is no down flow in the bypass region. This assumpcion is dis-

cussed later.

There are two parallel flow paths in the bypass region--one is between the
fuel channels, and the other is between the core shroud and the outermost fuel
assemblies. The flow areas for these paths are shown schematically in Fig-
ure C-1. The simple analysis that follows will give an estimate of the rela-

tive flow velocity in the neighborhood of the spray sparger.

Path 1 is between the core shroud and the outermost fuel channels. The flow
area along path 1 changes from Al’ between the bottom and top of the active

feel, to A5 at the top guide to A6 immediately above the top guide:

A, = 5261 in.2, Ag = 3720 in.%, A = 9144 in.2



.Path 2 is between the fuel channels.
from A, to A

2 3
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at the top guide to A“ above the fuel channels:

A, = 3918 in.2, A, = 2028 in.2, A, = 27504 .

3

From the geometry and the

f

low areas, K for path 1 is approximately 0.3 and

for path 2 is approximately 1.0:

(k,¥,2)/ag” = KM, /A

2 2
(0.3)W, (1.0)¥,
3720 2028

Nl = 2.5 HZ
0.50 Ul = wl

1.40 Ul = 12.3 x 106

W, = 8.8 x 10° 1b/hr

The velocity in the bypass region betweer the core spray spar

fuel assemblies is then:

2

V= W /0Ag = 8.8 108/(3600 x 45.8 x (3720/144)] = 2.1 ft/sec

The fluid in this region is primarily saturated liquid.

The fluid velocity in the periphery of the core by
tively estimated at 2.1 ft/sec. In actuality, there probably is downflow in

this region. The total pressure drop across the

due to the elevation head.

region, boiling ma) occur,

In some portions near the top of the core bypass

reducing the elevation pressure drop.

c-2

The flow area along path 2 changes

ger and the

pass region was comnserva-

top guide is predominantly

Because

K
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there are no heat sources in the non-fueled peripheral regions of the core
bypass, boiling would not be expected in the vicinity of the shroud. Thus,
some downflow or crossflow in the peripheral regions toward the central region

would be anticipated to balance the density differences.
c.2 FLOW VELOCITY AT TOP SURFACE OF CORE PLATE

V= ( )/pA

uTotal Bypass

$ince = 12.3 x 10% 1b/hr

wTotal Bypass

« n/4 (D% - Nd)?

inside diameter of shroud - 204 in.

%z O >
"

= number of control rod guide tubes = 185

(=9
L]

outside diameter of control rod guide tube = 10.875 in.
o = density = 45.8 lb/ft3

Then

v = (12.3 x 10%)/(3600 x 45.8 x © (2042 - 185(10.875)%)/(4 x 144))

<
L]

0.69 ft/sec
c.3 FLOW VELOCITY AT THE TOP OF THE FUEL ASSEMBLY HANDLES

W . 102.5 x 10° - 12.3 x 10° = 90.2 x 10° 1b/hr
Total

A = na
n = number of fuel assemblies = 764

a = area associated with each fuel assembly = (6)2 = 36 in.2
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The equivalent single phase velocity is:

Ve ( )/ oA

wTotal

Then

V= (90.2 x 106)/(3600 x 45.8 (764 x 36/144)) = 2,86 ft/sec
At this location, the fluid is a mixture of steam and water. Therefore, to

calculate the lifting force due to the mixture, a two-phase friction multiplier

must be used:
02 m=1+x (p./o_-1)
£ 8

mass flow rate of steam
total mass flow rate

X = quality =

« (13.4 x 10%)/(102.5 x 10°) = 0.13

b = 45.8 b/t

o = 2.35 1b/ft>
8

o2 = 1 4 0.131(45.8/2.35 = 1) = 3.42

The lifting force on a section of core spray pipe per unit length is:

FecC. Ap. ¢ V/(28)

D £
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. where

CD = drag coefficient = 1.2
2

a= (4.5 in. x 1(fe/fr))/12 (in./ft) = 0.375 fe"/ft

A = are

Then:

Fe=1.2 x 0.375 x 45.8 x 3.42 x (2.86)2/(2 x 32.2) = 9.0 1b/ft
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1

|
l
L

-1 Ag —. -
NL-.J
H 3
‘PaTH ;;-1:—2

Figure C-1. Flow Paths



