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SUBJECT: REPOR’I.‘ OF UNUSUAL EVENT PER SECTION 6.6.C OF THE TEHNI/E “SPECIFICATIONS

References: 1) Regulatory Guide 1.16 Rev, 1 Appendix A

2) Notification of Region III of NRC Regulatory Operations
Telephone: Mr. P, Johnson 1145 hours on May 15, 1975

3) General Electric""Féedwater Spé.rger Cold Flow Vibration Tests"
NEDO~-20554, June 1974

4) Millstone Interim Report on Feedwater Sparger Failure including
: addendum 1, 2, 3, and 4; and special report, Chioride Intrusion
Incident - .
Report Number: 50;2u9/75-27
Report Date: June 13, 1975
Occurrence Date: May 15, 1975

Faci=lity:» Dresden Nuclear ?’gswe'r Station, Mbrris, Illinois
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IDENTIFICATION OF OCCURRENCE

At approximately 0800 hours on May 15, 1975, cracks were discovered in the Unit-3
feedwater spargers. These cracks constitutefan unusual event because they represent
a substantial variance from safety analysis report specifications.

CONDITIONS PRIOR TO OCCURRENCE

Unit-3 was in a refueling outage.

DESCRIPTION OF OCCURRENCE

A feedwater sparger inspection was performed in response to a General Electric recom-
mendation (FDI 402/57145).:Particular attention was directed towards the
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following areas: .
a) Welds of header‘ pipe's'to' the junction box
b) Weld of the Junction box to the themal sleeve |

'- c') Contact of the Jack bolt bearing bars to vessel wall; wélds of

- ,the Jack’ bolt brackets to headers

i) Pin engagement with elevis ends of each sparger .
| e) Weld of cover plate to junction box

f) Cladded feedwster nozzle blend radii area on the reactor vessel

The inspection was conducted on May 15, 1975 at 0800 hours, It consisted of a
combination of visual observations and dye penetrant NDE tests.

Cracks were observed on five of the eight header pipe to junction box welds a.nd on
one of four thermal sleeve to .junction box welds..

DESIGNATION. OF APPARENT CAUSE OF occmmcs (Design Deficiency) |
The inspection and the General Elédtrié cold flow tests indicated that the cracking.

was due primarily to the design of the -spargers which rendered them susceptible
to flow-induced vibration.

ANALYSIS OF OCCURRENCE

L

 The Unit-} sparger crs.cks looked verytsmlsr to sparger cracks at other BWR plants.
Sparger cracks at one BWR plant were metallm‘*’gically s.na.lyzed and were detemined
to be tra.nsgranula.r (fatigue) cracks.,

Numérous i‘ull-scale cold-flow tests (Rei’. #3) ‘have been conducted at the General
Electric test faeility in San Jose on feedwater spargers of several different
configurations to determine the cause of v1bration. Results of these tests have

“shown that unstable flow-induced v1bration occurs 8s a function of the following
variables:

’ _The pressure differential between the sparger inlet and discharge

The average radial gap, which permits leakage flow between the
inside of the thsrmal sleeve and the outside of the feedwater nozzle

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

It is known' from the cold-flow tests that leakage flow plays an mportant role

in sparger vibration because the tests show that the sparger will vibrate when only
leakage flow is present. However, it is not known whether the radia.l gap is

important primarily as it affects the amount of leakage flow, or as it affects damping,
since gap changes insvitably change both these variables in tests.
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The importance of damping was demonstrated in a test of the spargers (without preload)
in which a lifting force wasg applied at the tee box while the point of instability
was determined. .

The tests at ithe GE gparger test facility show that there is a relationship

between thermal sleeve/nozzle leakage and sparger Fibration. For the cold flow
sparger teats, the vessel nozzle inside diameter at the thermal sleeve fit was
incereased in'! increments for the performance of leakage tests and corresponding

full flow teeta. 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,

Although the Dresden 3 thermal sleeve was designed to allow only a 0.003=inch
radial gap, the error band of the stability boundaries (Figure I), the operating
pressure drop across the sparger of about 16 psi, and the methods of construction

- and installation which could produce a much larger radial gap than specified makes .
it entirely possible that the Dresden 3 spargers experienced flow induced vibration.
The actual radial gaps found on another BWR unit with cracked spargers (Ref. #U)
were significantly greater than specified. 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 thenmal cyeling, thermal stress,

and effects on the damping

This event did not cause any'personnel inJuries, pereonnel exposures, or release of
radioactive 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 consequences 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 broken pieces on the core spray header, The evaluation
concluded that the consequence of sparger cracking when position is maintained

is not of safety significance. Even gross failure of the sparger would not
- result in an immediate safety concern. o ‘ d

An 1ndependent safety evaluation of a sparger failure from 1ncipient through
complete failure was given in reference #4. In this reference, the safety
consequences 9of the following events were consideredx

1. Fuel bundle flow blockage by small piecee;

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; h
4, Disengagement of the thermal sleeve from the feedwater nozzle°

5. Operation of the HPCI subeyetem‘with a failed feedwater sparger,
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There are nc major changes in the new Design 4 sparger (to be discussed in the
next 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 BWR plant (Ref. #4). The design features of the Design 4 spargers and

- their successful operation, as indicated bytthe special instrumentation, show that
a golution has been found for the identified problem., Based on the above
analyses, it is concludedtthat the renewed operation of Dresden is justified with
the corrective actions to be taken as specified in the next section.

CORRECTIVE ACTION

The program for’ corrective action is to 1) liquid penetrant examine the accessible
portion of the nozzle blend radius of each feedwater nozzle, 2) replace all four Dres-
den 3 spargers this outage with new spargers to the new design (very similar to the
Design U4 spargers in Ref 2), and 3) inspect the feedwater spargers during its

next scheduled refueling outage.

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

1) Interference fit between the sparger thenmal sleeve and vessel
_safe end. _

2) Fbrged-welded‘tee between the thermal sleevs and the sparger headers,

t

' 3) DPifferent size and location of exit holes in the sparger
4) _Schedule{}80 ratherrthen'scheduie_uo 304 stainless steel spargers.

The first design feeture was based on several tests showing there was no'Vibration
under any flow conditions when the thermal sleeve was tightly fitted to the safe
end (small radial gap).

The second design feature reduces peak stress levels in the tee by a faﬂtor of
4 due to smaller stress concentrations. This is due to. the use of full
penetration welds, more uniform sections, 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 d€signs which
increases the stability margin (See Figure I).

FAILURE DATA

Previous inspections of the Unit-} sparger revealed no cracks. The prerious inspection
on the Unit-2 sparger revealed cracking gimilar to that encountered on Unit-3
during this outage. .

Superintendent

temp
File/NRC



APPEN DIX A . . .

'Conseouences of Feedvater Sparzer rfailure

The safety aspects of Feedwater Sparger failure are addrossod 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 breken sparger on the core spray header.

A, Non-Uniformity in Core Inlet Enthalpy

_If one or nmore Feedwater upa.rg,ers should partially or completely break, there will
be a non-uniferm temperature distrizution of the ccolant in the downcemer

annulus. Because of incomplete mixing in the lcower 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 thai these assymetries

do not present a safety oroblem, The rationale for this c¢onclusion is that the
calculation of MCEFR in the highest power region will be in the conservative
direction, i.e., calculated MCharR will always be less than the actual INCHFR,

This is further explained in the following paragrapi.

If a particular region in the core is supplied with cooclant at an enthalpy lower
than the average inlet enthalpy, the power in thav region will be greater than
_the average power Because incore instrumentation indicates actual power and
MCHFR is calcula ued using the average inlet enthalpy, the MCHFR in the region of
higrer power will always De calculated at a valve less tren actual., This
calculation always results in a conservative IICHIR and assures adequate margin for
all transients and postulated accidents.

"B, Effect of &mzll Tiecas in the R

()
12
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If the sparger junction box should separate from one of the sparger arms, a
small piece could conceivably . break loose. A concern with a small piece is
that associated with potential fuel bundle flow blockaz2. Since the piece
must be sucked in through the annular passage around the Jjet pump nozzle, the
maximum size of the picce would be less than 2*" oy 2 'y by %“ thicx., The
chances of the plece rlowing into the jet pumnp are small.;However, for purposes
of determining potential conseqguences, this is asswured 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 perferming the sparger piece evaluaticn discussed below.

‘A detailed study of flow blockage in a BYWR has been made in a GE Topical
Report (1) on file in the Public Document Room. As statad 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% arca blockage to cause a MCHFR less than 1.0:
therefore, no fuel rod darmage occurs,
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' b) If the Rlockace ware Q‘e than 007, clad melt and fugiacrimbling vould
., occur., This would 1o to high radiation sensed vy M main steam line
' radiation monitors which would seram and isolate the reactor. Offsite

doses remain less than 10CF220 limits.

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

1) Bccause‘the fuel tundle 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

51gn1f1cant blockage to occur if the piece were carried to the orifice properly "
oriented.!

2) The most likely resting place of the piece is in the reactor vessel on the

' bottom of the ocuter enulus, 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 ncozzle and therefore, it could be in the bottom plemua,

3) The fluid velocities in the lower plenun in the vicinity of the orifice
region.is a maxirum <! *7ps and is rot hish enough . to 1ift the piece up toward
the core inlet orifices. The vertical velocity to suspend but not
lift the Quad Cities washer (2.25 inch diameter) was 5-6 fps 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 1lift tne washer fron the bottom of the reactor vessel. The
maximum upward velocity in the reactor lower plenum is about 6 fps,

4) If the piece is introduced into the lower plenum during operation, it will
have a high (17 fps) downward velocity which will drive it to the bottom
surface of the plenum, Furiher, tihe 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 pcints
at the center and remain there. For the piece 1o te sccoped up would reguire
.2 much higher surface velocily than actuzlly exists in the vertical direction.
Therefore, it is concluded that the piece will remain in the tottom plenum
if it is introcduced there during operation or if it is there already.

5) The possibility of the piece becoming lodged at the core inlet is considered.
to be so highly improtable tnal operation can continue without safety 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 Larre Pinces 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 separatea from the
Junction box tut the thermnzl sleeve remainsg attached to the junction box. The
main concern is the possible interaction between the failed pieces and the internal
core spray distribution piping.
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YIf t‘ne. Feedwater Sperger f.'xil as doscrited atove the jgof the fecdwater would
force the Jjunction bo nst the shroud head bolts. A lateral movement of

the tee box of apwaroxime cur inches would result, Since the thermal

sleeve to the junction is 27 inches long, this assembly will not disengage from

the pressure vasazel. If the junciicon box (11 inches in diameter) were properly

oriented it could pass through the space (15 inches) between two studs., In

this event the junction box would iravel an additional five inches and butit

up against the steam separator standpipes. The junction box still could not

separate frqm the pressure vessel,

¢
cFy ot D

The Feedwater Sparger arms and the internal core spray distribution piping
_(both 6" schedule L0 pipes) are separated 1% inches center to center or approxi-
mately 7 inches wzll to wall. If the failed feedwater sparger arms should sag
from its restraining btrackets and rub against the internal core spray distribution
piping, the resultant fretting action could in time wear a hole in this distri-
bution piping. However, the well thickness of the header is 0.220 inches so

that some time would be required for this to occur,

Failure Detection

The immediate effect of a crack in a Feedwater 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 distrituticn ancmalities maybe detected by a
change in the vessel water level indication and/or the core neutron flux
instrumentation., The pattern and magnitude of these observed changes are unknown
end can vary depending on the type of failure (e.g. one or two arms broken),

exact location of the failure relative to the instrumentation, and plant operating
conditions. In shert, some change is expected but the magnitude of these

changes cannot be guantified. T

FOOTNOTES

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

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

- REFFRFNCES

(1) "Recactor Asyrmetrical Neutron Flux Distribution", Dresden Nuclear Power
Station Unit 2 Special Report No., 6, ifarch, 17, 1971.

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

(3) "Conscqueﬁcés of a Postulated Ilow Blockage Incident in a Roiling Water
Reactor", MHEDO-10174, May 1970,
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Figure I . Conditions for Sparger Instability Based on
Cold Flow Testing
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