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Fzeility: Dresden Nuclear Power Station, Morris, Illinois

IDENTIFICATION OF OCCURRENCE

The cracks discovered in the feedwater spargers constitute an unusual event
because they present a substantial variance from performance specifications
contained in the safety analysis report.

CONDITICONS FRIOR TO OCCURRENCE

The cracks were discovered during a scheduled feedwater sparger inspection
while the unit was in a Refusling outage,

DESCRIPTION OF OCCURRENCE

A feedwater sparger inspection was performed in response to a General Electric
recommendation (FDI #397/57145). The inspection consisted of using an underwater
TV g2rmera 40 examine areas including: 1) welds of six inch schedule 40 header
pipes to the eleven inch junction box pire, 2) weld of junction box to thermal
sleeve, 3) contact of bearing bars to vessel wall, 4) pin engagement with clevis
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ends of each uparger and 5) cladded feedwater nozzle blend radii area on the
reactor vessel., The inspection was performed from 4 P.M. December 27 to
4 A.M, December 28, 1974 and was recorded on video tape.

The inspection revealed two cracks, The first crack was located on the upper
part of the right side header pipe to junction box weld area of the south-

west quadrant sparger, The crack (see Figures _I and _II ) appeared

to be relatively straight, extending about 90 degrees around the pipe circum-
ference, The second crack was located on the upper part of the left side header
pipe to Jjunction box weld area of the northeast quadrant header, This crack
(see Figures I and II ) appeared to be a little more jagged than the
first crack, near the weld area and extending about 200 degrees around the pipe
circunference,

It was also discovered that the bearing bars (preload spacer), on the right side
of the southeast quadrant sparger and on the right side of the northwest
quadrant sparger were not in contact with the vessel wall., No other discrep-
ancies were observed,

The existance of the cracks was confirmed by additional personnel. The cracks

were viewed by Commonwealth Edison metallurgists and a copy of the video tape
of the inspection was given to General Electric for their review,

DESIGUATION OF APPARFNT CAUSE OF OCCURRENCE

The TV inspection and the General Electric cold flow tests indicated that the
primarv cause of the cracking was that the desien of the feedwater snarcere
rendered them susceptable to a condition of flow induced vibration. Installation/
Construction and varying service conditions may also have been contributing

causes of the cracking,

ANALYSIS OF OCCURRENCE

Based on the underwater TV inspection, the predominate failure mode appears

to be fatizue cracking. The video tapes ¢f the sparger inspection were also
viewed by General Electric personnel and concensus of opinion was that the
Dresden 2 sparger cracks looked very similar to the sparger cracks at another
BWR plant (Ref, #2). The cracked spargers at this other EWR plant were metal-
Iurgically examined and determined to be transgranular (fatigue cracks).

As viewed through the underwater TV camera, the bearing bar on each of two spargers
appeared to be out of contact with the vessel wall by a2 slight amount, Although
there are several possible explanatione for this, the actual cause is not known

at the present time. This condition has been observed at other EWR plants

and its presence does not alter the conclusicn that the sparger cracks are

caused by fatigue due to flow induced vibrations.

Numerous full-scale cold-flow tests (Ref, #1) have been conducted at the
General Electric test facility in San Jose on feedwater spargers of several
different configurations to determine the cause of vibration. Results of
these tests (sce FigurelV) have shown that unstatle flow-induced vibration
occurs as a function of the following variatless
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~The préssnre differential between the sparger inlet and discharge.

-The average radial gap, which permits leakage flow between the
ingside of the thermal sleeve and the outside of the feedwater nozzle.

~The amount of damping present in the system, particularly at the
thermal sleeve-to-nozzle interface,

It is known from the cold-flow tests that leakage flow plays an important roll
in sparger vibration because the tests show that the sparger will vibrate when
only lecakage flow is present., However, it is not known whether the radial
gap is important primarily as it affects the amount of leakage flow, or as

it affects damping, since gap changes inevitably change both these variables
in tests.

The importance of damping was demonstrated in a test of the spargers (without
preload) in which a lifting force was applied at the tee box while the point
of instability was cdetermined,

The tests at the GE sparger test facility show that there is a relationship

between thermal sleeve/nozzle leakage and sparger vibration, For the cold

flow sparger tests, the vescel nozzle inside diameter at the thermal sleeve

fit was increased in increments for the performance of leakage tests and correspond=-
ing full flow tests., These tests indicate that for a given sparger flow, the
leakage is directly proportional to the average radial gap between the nozzle

and thermal sleeve. (See figure I).

Although the Dresden 2 thermal sleeve was designed to allow only a 0,003-inch
radial gap, tne error vand oi tne stabiiivy bounaaries (Figure IV), the operating
pressure drop across the sparger of about 16 psi , and the methods of construc=-
tion and installation which could produce a much larger radial gap than specitfied
makes it entirely possible that the Dresden 2 spargers experienced flow induced
vibration, The actual radial gaps found on another EWR unit with cracked
spargers (Ref, #2) were significantly greater than sprecified. The unusual
service and environmental conditions of changing feedwater flow rate, the
temperature difference between the feedwater and the water in the vessel, and

the movement of water within the vessel also contribute to the problem by
producing thermal cycling, thermal stress, and effects on the damping.

This event did not cause any personnel injuries, personnel exposures, or release
of radicactive materials, It is concluded that this event did not endanger
the health and safety of the public.

In October and November of 1972, General Electric and Commonwealth Edison jointly
performed an evaluation and wrote a report concerning the Dresden and Quad
Cities feedwater spargers. The report included evaluation of the conseguences

of a feedwater sparger failure., This evaluation, given in its entirety in
Appendix A, specifically considers enthalpy variation at the core inlet, the
blockage of a fuel element, and effect of broked pieces on the core spray

header. The evaluation concluded that the consequence of sparger cracking when
position is maintained is not cf safety significance. Even gross failure of the
sparger would not result in an immediate safety concern.

An independent safety evaluation of a sprarger failure from inecipient through
complete failure was given in reference #2. In this reference, the safety
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consequences of the following events were considered:
1. fuel bundle flow blockage by small pieces;

2, damage of ECCS core spray line due to a broken sparger falling
against it;

3, damage to the jet pump from a falling sparger;
4, disengagement of the thermal sleeve from the feedwater nozzle;
5. operation of the HPCI sybsystem with a failed feedwater sparger.

There are no major changes in the new Desigzn 4 sparger (to be discussed in the
nex* section) from a safety standpoint. The conclusion is still that the
safety consequences of a feedwater sparger failure are acceptable,

The cause of feedwater sparger cracking has been essentially determined by the
GE cold-flow tests and the special instrumentation on the Design 3 spargers of
another EWR plant (Ref. #2). The design features of the Design 4 spargers

and their successful operation, as indicated by the special instrumentation,

show that a solution has been found for the identified problem, FEased on the
above analyses and the successful inspection of the Dresden 3 spargers during the
previous refueling outage, it is concluded that the renewed operation of Dresden
2 and the continued cperation of Dresden 3 are justified with the corrective
actions to be taken as gpecified in the next section.

CORRECTIVE ACTION

The program for corrective action is to 1) 1liquid penetrant examine the accessible
portion of the nozzle blend radius of each feedwater nozzle, 2) further inspect
the old Dresden 2 spargers and determine the actual radial gap when they are
removed, 3) replace all four Dresden 2 spargers this outage with new spargers

of the new desigm (very similar to the Design 4 spargers in Ref 2), 4) inspect

the feedwater spargers during its next scheduled refueling outage and 5) inspect
(including a liouid penetrant examination of the nozzle blend radii) the

Dresden 3 feedwater spargers during its next scheduled refueling outage.

The salient design features of the Design 4 feedwater sparger are (see figure V):

1) Interference fit between the sparger thermal sleeve and vessel
safe end.

2) Forged-welded tee between the thermal sleeve and the sparger headers,

3) Different size and location of exit holes in the sparger.

4) Scheduled 80 rather than schedule 40 304 stainless steel spargers.
The first design feature was based on several tests showing there was no vibra-

tion under any flow conditions when the thermal sleeve was tightly fitted to the
safe end (small radial gap).
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The second design feature reduces peak stress levels in the tee by a factor of
4 due to smaller stress concentrations., This is due to the use of full
penetration welds, more uniform secticns, and large radii at the junction of the
header pipes and the thermal sleeve,

The third design feature was incorporated to lower the pressure drop at rated
flow from 16 psi for the first designs to 11 psi for the new design which
increases the stability margin (See Figure IV).

The fourth design feature will increase the strength of the spargers by increasing
the thickness of the pipe walls.

FAILURE DATA

Previous inspections of the Dresden 2 and 3 spargers did not reveal any sparger
damage, Sparger damage has been noted in at least one other EWR unit (Ref 2).

The cracks were found in the area where six inch schedule 40 header pipes are
welded to the junction box pipe (see figures I, II, and III), The spargers
are made of 304 stainless steel (schedule 40),

The dccuments references in the letter are:

1. General Electric "Feedwater Sparger Cold Flow Vibration Tests"
(NEDO-20554%, June 197'),

e FALLISTONE JNTesrill AEPOrt On reedwaler Sparger rallure incliuding

addencum 1, 2, 3 and 4; and special report, Chloride Intrusion
Incident,
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AFPEIDIX A

Consequences of Feedwater Sparger Failure

The safety aspects of Feedwater Sparger failure are addressed as follows:
A, Enthalpy variation at the core inlet.

B, Possibility of small pieces of the sparger blocking a fuel element
orifice,

C. Effect of large pieces of the borken sparger on the core spray header,

A, Non-Uniformity in Core Inlet Enthalpy

If one or more Feedwater Sparzers should partially or completely break, there will
be a non-uniform temperature distribution of the ccolant in the downcomer

annulus, Because of incomplete mixing in the lower plenum, non-uniformity in the
core inlet enthalpy would exist, As stated in references (1) and (2) core power
assymetries would result, The references also conclude that these assymetries

do not present a safety problem, The raticnale for this conclusion is that the
calculation of MCHFR in the highest power region will be in the conservative
direction, i.e., calculated I'CHFR will always be less than the actual NMCHFR.

This is further explained in the following paragraph.

If a particular region in the core ig supplied with coolant at an enthalpy lower
than the average inlet enthalpy, the power in that region will be greater than

_the average power., Decause incore instrumentation indicates actual vower and
MCHFR is calculated using the average inlet enthalpy, the MCEFR in the region of
higher power will always be calculated at a value less than actual., This
calculation always results in a conservative MCHFR and assures adequate margin for
all transients and postulated accidents,

B, Effect of Small Pieces in the Reactor

If the sparger Jjunction box should separate from one of the sparger arms, a
small piece could concievably break loose. A concern with a small piece is
that associated with potential fuel bundle flow blockage., Since the piece
must be sucked in through the annular passage around the jet pump nozzle, the
maximum gize of the piece would be less than 2 " by 23", by + 4" thiek, The
chances of the piece flow*nb into the jet pump are sz all dowever, for purposes
of determining potential consequences, this is assumed to occur.

The safety analysis for this piece is considered to be identical to the safety
analysis and test performed for the Quad Cities jet pump washer and was used
as a guide in performing the spargcer piece evaluation discussed below.

A decailed study of flow blockage in a EWR has been made in a GE Topical
Report (1) on file in the Public Document Room, As stated in that report,
based on analyses of high power density fuel operating at 18.5 kw/ft:

a) It would take mare than a 90% area blockage to cause a MCHFR less than 1,0:
therefore, no fuel rod damage occurs.
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b)

If the blockage were more than 90%, clad melt and fuel erumbling weuld
occur., This would lead to high radiation sensed by the main steam line
radiation monitors which would seram and isolate the reactor, Offsite
doses remain less than 10CFR20 limits.

Based on the information concerning the maximum size of the sparger piece,
the following conclusions are drawn:

1)

2)

3)

5)

Because the fuel bundle orifice diameters are 1,425 and 2,262" and the maximum
surface of the sparger piece is 2.5 inches square, it is possible for
significant blockage to occur if the piece were carried to the orifice properly
oriented,

The most likely resting place of the piece is in the reactor vessel on the
bottom of the outer anulus, It may have found its way into the recirculation
loop. It is possible for the lost piece to enter the lower plenum through
the jet pump nozzle and therefore, it could be in tre bottom plenum,

The fluid velocities in the lower plenum in the vicinity of the orifice
region is a maximumof 3fps and is not high enough to 1ift the piece up toward
the core inlet orifices. The vertical veloeity to suspend but not

1ift the Quad Cities washcr (2.25 inch diameter) was 5-6 fpa as determined

by test, However, even this presupposes the area is inserted into the

upward velocity field, This can occur only with much higher velocities
required to lift the washer from the bottom of the reactor vessel, The
maximum upward velocity in the reactor lower plenum is about 6 fps,

If the piece is introduced into the lower plenun during operation. it will
lave @ uign i/ 1ps) downward veloeity whnich will drive it to the bottem
surface of the plenum, Fuarther, the piece cannot easily negotiate the 180°
turn to upwards toward the core., Due to its higher density, it will tend

to move radially away from the turn and hence into the lower velocity points
at the center and remain there., For the piece to bte scooved up would require
a much higher surface velocity than actually exists in the vertical direction.
Therefore, it is conecluded that the piece will remain in the bottom plenum

if it is introduced there during operation or if it is there already.

The possibility of the piece becoming lodged at the core inlet is considered
to be g0 highly imprcbable that operation can continue without eafety concerns.

There is no way, because of the physical barrier which encompasses the CRD, for
the piece to find its way into the control rod drive itself,

C.

Effect of larse Pieces on Reactor

The feedwater Sparger could fail in various ways., For the purpose of this

analysis it is assumed that both arms of the sparger header geparateg from the
Junction box but the thermal sleeve remains attached to the Junetion vox., The
main concern is the possible interaction between the failed pieces and the internal
core spray distribution piping,
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If the Feedwater Sparger fails as described above the jet of the feedwater would
force the junction box arainst the shroud head bolts. A lateral movement of
the tee box of approximateiy four inches would result., Since the thermal

sleeve to the junction is 27 inches long, this assembly will not disengage from
the pressure vessel, If the junetion box (11 inches in diameter) were properly
oriented it could pass through the space (15 inches) between two studs. In
this ¢vent the junction box would travel an additional five inches and butt

up against the steam separator standpipes. The junction box still could not
separate from the pressure vessel,

The Feedwater Srirger arms and the internal core spray distribution piping

(both 6" schedule 40 pipes) are separated 14 inches center to center or approxi-
mately 7 inches wall to wall, If the failed feedwater sparger arms should sag
from its restraining brackets and rub against the internal core spray distritution
piping, the resultant fretting action could in time wear a hole in this distri-
bution piping, However, the wall thickness of the header is 0.280 inches so

that gome time would be required for this to occcur.

Failure Detection

The igmediate effcet of a crack in a Fecdwater Sparger Junction box is a leakage
path for feedwater flow, The leakage flow or its effect cannot be detected

nor has safety significance unless there is a gross failure, For a gross change
in flow pattern, downcomer flow distribution ancmalities maybe detected by a
change in the vessel water level indication and/or the core neutron flux
instrumentation, The pattern and mugnitude of these observed changes are unknown
and can vary depending cn the type of failure (e.g. one or two arms broken),

ALY lasatiss of 4he fuiMire radetive 1o Uie LiuLwihentavion, ana piant operating
conditions, In chort, some change is expected but the megnitude of these

changes cannot be quantified,

FOCOTNQOTES

(1) Consequences of a Postulated Flow Blockage Incident in a Boiling Water
Reactor' NEDO=-10174,

(2) OQuad Cities has a maximum linear heat generation rate limit of 17.5 kw/ft.
REFERENCES

(1) "Reactor Asymmetrical Neutron Flux Distribution", Dresden Nuclear Power
Station Unit 2 Special Report No. 6, March, 17, 1971.

(2) Supplementary Information to Special Report No. 6, February 17, 1972,

(3) "Consequences of a Postulated Flow Blockage Incident in a Boiling Water
Reactor", NEDO-10174, May 1970,

Sincerely, . ///
B, B, Stethenson ~
Superintend-nt

Dresden liuclcar Power Station

BBS:RWC ¢ smp




