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Crack on Jet Pump Riser Brace Due te Fatigue

Attached please find a correction to Monticello Licensee Event Report (LER)

89-021-02. This re-submittal of LER 89-021-02 corrects an error in block 6

(LER NUMBEKR) of NRC FORM 366 submitted for LER 89-021-02 on May 2, 1994, Ve
apologize for any inconvenience.

Please contact Marv Engen, Sr Licensing Engineer, at (612) 295-1291 if you
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DESCRIPTION:

Cn September 16, 1988, with the plant in cold shutdown and the core unloaded, In-Service Inspection
(1€1) personnel, during routine inspection, discovered a crack on the upper support brace (SPT) of one jet
pump nser (See Figures 1 through 5). Northein States Power and General Electnc personnel were

performing the 1Si.
This event is being reported because of its potential safety significance and generic nature.

The crack is located on the lower leaf cn the right side (facing out from the vessel centerline) of the
upper support brace on the riser for jet pumps #7 and #8. The crack indication runs about 3/4 of the way
across the top of the leaf about 1/2° from the point where it is welded to the vessel wall.

The risers are supported by an upper brace which consists of two leaves on each side of the riser and a
lower brace which consists of one thicker leaf. Ail remaining leaves on this nser and the 8@ other risers in
the vessel were examined during the 1889 refueling outage with no other indications found. Subseguent
re-examinations during the 18€1 and 18¢3 refueling outages revealed no additional cracking of these

compenents of the subject jet pump or any other jet pump.

CAUSE:

A study was originally performed in 1889 to determine the cause of the cracking. The results of that
study indicated that the most likely cause of this crack was high cycle fatigue. The natural frequency of
the riser brace in its unsracked state coincided with the vane passing frequency of the reactor
recirculation pumps (AD) at & speed in the range of 92% to 98% (127 Hz to 135 Hz). The subsequent
experimental program carried out at the General Electric facilities in San Jose, California confirmed
cycle fatigue as the most plausible cause of the observed cracking. The resonant frequency of the riser
brace was determined by this program to be 116.4 Hz based on pominal dimensions of the riser brace
leaves and that the actual riser brace frequency varies as a streng function of the riser brace leaf gs-built
dimensions (thickness and length) and axial loading of the brace. Based on just the allowed thickness
tolerance of the riser brace leaf, the most important resonant frequency could actually lie anywhere
within a wide range of 108.5 to 152.20 Hz (78% to 109% recirculation pump speed).

Visual inspections indicate that the cracked lower leaf has some cross-sectional reduction (thinning)
which may have been caused by grinding performed during weld fit-up. This thinning is unique ta this
riser brace leaf and appears to have reduced the cross-sectional area by about 30%. It also appears that
there is some lack of fusion in the weid at the point on the leaf where the crack initiated. These factors,
thinning, work hardening from grinding and Jack of weld fusion, may have contributed to the cracking of
this riser leaf by making it more susceptible to any of the possibie crack initiating mechanisms (i.e.
resonance, IGECC, ductiie teanng)
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, ANALYSIS:

The lower riser brace leaf (Leaf #3 in Figure 1) has a calculated natural frequency of 258 Hz, which is
well removed from rescnant conditions. Therefore resonance is not expected to occur at the lower
brace Evaiuation of normal and accident jet pump loading indicates that stresses with only the lower
brace in place are within acceptable limits. This shows that the loss of the entire upper brace would not
affect the operability of the risers or the associated jet pumps.

All of the riser brace leaves have been visually inspected by Inservice Inspection personnel dunng the
1989 1991 and 1993 refueling outages with no other crack indications or thinning found. The 1692 test
program performed at GE facilities shows that adequate operational strategies are in place that minimize
the concem for additional fatigue cracks. Operation of the Hydrogen Water Chemistry system reduces
the possibility of IGECC occurring in other riser brace leaves.

The operational strategies that are in place are based on the combined analytical and test program

1 results and understanding. The first mode of resonance (out of phase mation) occurs in these riser brace
! leaves at recirculation pump speeds in the range of 70% to 80%; but, the stresses during this mode of
resonance are not large enough to be a fatigue concem. The second mode of res nce (in phase
motion), which was onginaily calculated to occur in the 92% to 88% pump speec “v 2, is the only mode ]
which is capable of producing stresses with an ampiitude high enough to procuce fatigue cracking.

‘ Insights from the 1992 test program. however, have shown that no benefit is derived from placing upper
lirmits on the allowable racirculation pump speeds. The sensitivity of the second modal resonance
frequency to the as-built riser brace leaf thickness indicates that a prohibitively broad range of pump
speeds would have to be proscribed to ensure that no potentially resonant frequencies would be
encountered. The test program alsc indicated that prolonged resonance of the riser brace 'eaf is self-
limiting. As a crack proceeds and grows after initiation, the frequency of the second mode resonance
and the amplitude of vibration decreases as the crack increases in length. The test program also
indicated that resonant frequencies have a narrow width of only a few Hz. Thus, sudden and rapid crack
growth is unlikely since the initiation and/or growth of a crack alters the natural rescnance of the riser
brace leaf. If the riser brace leaf should completely break off on one end, its subsequent resonant
frequency is significantly different due to the altered geometry and complete severance of the riser brace

teaf is improbable.

The as-clad weld surface of the vessel has an additional weld pad buildup at these locations and riser
braces are then welded to the pad. The crack is entirely within the base-metal of the brace, follows the
1oe of the weld and has no indications of branching. This is indicative of fatigue cracking and not

| IGSCC. Crack propagation into the weld metal by fatigue is highly unlikely because of geometry and the
nature of the stress loading. Propagation into the weld metal by IGSCC is unlikely because of the

reater weld metal resistance to IGSCC.

The potential effect of loose parts has alsc been evaluated. |f the cracked riser brace leaf becomes
detached from its current position on the jet pump riser, the part woulid fail to the bottom of the shroud
annulus region and rest undisturbed on the top of the jet pump support piate. This is based on the fact
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| that the riser brace leaf is shielded from the recirculation inlet nozzle by jet pumps #8, #9 and #10 (See

i Figure 8) making it unlikely that it could be entrained by the recirculation suction flow during its fail to the

botiom of the shroud annulus region. As the part is not expected to migrate to the core region via the

recirculation loop flow, there is a negligible potential for fuel bundle flow bicckage and subsequent fuel

damage. For the same reason, there is virtually nc potential for interference with control rod drive

f operation. However, if the jet pump riser brace directly above the recirculation loop suction nozzie is
assumed 1o fail, the riser brace leaf may be carmed into the recirculation piping due to suction flow. The

foilowing paragraphs describe the potential consequences of a locse part migrating to cther portions of

the recirculation system and reactor vessel.

| Considering the - # of the par, it is possible that it may cause some damage 10 the recirculation pump
; internals. However, there is no safety implication with respect to the plant's operation since this

x postulated recirculation system failure is bounded by the recirculation pump seizure event previously

, analyzed for and documented in Chapter 14 of the Updated Safety Analysis Report (USAR). The impact
energy of this lcose part exiting through the pump impeliers will not be sufficient to damage the pump

f casing and degrade the pressure boundary integrity.

‘ To cause flow blockage at a fuel bundlie, the part must migrate to the vessel lower plenum and then be

i carried by flow towards the core region. Since the jet pump nozzle diameter is 3 inches, any part less
than 3 inches in any one dimension is capable of exiting the jet pump nozzle and being discharged into

| the lower pienum of the reactor vessel. Based on the flow velacity regime at the vessel lower plenum, it
‘ is estimated that any part 2.4 inches or less in diameter could be lifted by the flow and carried toward the

core region.

Parts of this size are expected to go through the fuel support inlet orifice but will be trapped at the lower
tie plate grid. To initiate boiling transition in a fuel bundle, the part would have to cause a fuel bundle
flow blockage of 59% or more, which corresponds to an 86% biockage at the lower tie plate. To achieve
86% flow blockage at the lower tie plate grid would require at least 4 pieces of 2.4 inches by 2.4 inches
migrating to the same fuel bundle (out of 484 bundles in the core). The probability for such an event s

about 8E-8 and is therefore considered negligible.

To cause potential interference with control rod operation, the part must migrate through the spacers
located along the length of the fuel bundle and exit at the top of the core. It must then reverse direction
against the flow to drop into a control rod guide tube via the bypass region. To complete this tortuous
path, the part must be very small (less than 0.1 inches) and for such a small part, the control rod drive

| hydraulic forces are more than adequate to overcome any potential mechanical friction. Therefore, there
is no potential for interference with control rod operation

Since the riser leaf is made from stainless steel, an approved material for in-reactor use, there is no .
concern for corrosion or chemical reaction with other reactor malerials |

| ;
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CORRECTIVE ACTION:

frequency was greater than 94%. Additional information is available at this time:

84% and vanes considerably with actual physical dimensions,

The testing has demonstrated that the cracking is self-limiting.
subject brace leaf or in others.

would not cause a safety problem.

Considering that the recirculation pump speed cannot practically be limited to avoid resonant

been removed,

Monticello Inservice Inspection Program

A Nuclear Network transmittal was initially made to alert other utilities.

ADDITIONAL INFORMATION:
1. Failed Component Identification: GE Designed Je! Pump Riser Brace

2. Previous Similar Evernits; NONE

3. Attached Figures

initially, recirculation pump speed was limited to 34% as caiculations indicated that the resonant

The General Electric fuil scale test has shown that the resonant frequency may be lower than

Two re-examinations during refueling outages have found no additional deterioration in the

The plant safety evaluation concluded that if a brace lesf separated from the vessei and the jet pump, it

frequencies, and the conclusions of the test program, the limitation on recircuiation pump speed has

These riser brace leaves will continue 1o be inspected during refueling outages in accordance with the
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Figure 6. Jet Pump Arrangement
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