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August £, 1981

MEMORANDUM FOR: R. H. Vollmer, Director
Division of Engineering

FROM: J. Halapatz
Materials Engineering Branch

SUBJECT: DI FFERING PROFESSIONAL OPINION RELATED GENERICALLY TO
SENSITIZATION OF BWR STAINLESS STEEL WELDMENTS

¢
REFERENCE: Memorandum, W. S. Hazelton to R. H. Vollmer, dated July i,
1981, subject, “Differing Professional Opinion Related to
Sensitization of BWR Stainless Steel Weldments"
<

Thic merorandum is identified as a statement for record in accordance with
N°C Aprendix 4125. This memorandum addresses the reference memorandum:

>

M. Hazelton: -

“i1thoush most of the components he mentions are generally included in reactor
ir+ernals, he also mentions installed large diameter pipe and concrcte embedded
fl.oc neads. 1 don't know which systems he is referring to, however. My
reviewers and 1 have some questions and concerns regarding how this 'issue'
will be resolved."

Halapatz responds:

The larze diameter pipe and concrete embedded flued heads mentioned are those
nor.conforming materials for which licensees will claim undue hardship related
‘o replzcement thereof within the context of NUREG-0313, Rev. 1, The
Penncyivania Power and Light Program for nitigation of IGSCC at Susquehanna,
f-- ¢ :-nle, see attachment 1, claims uncue hardship related to suc’ components.
Tie lzrze pipe is in the recirc and RHR s.stems. The flued heaads are in the
rezctor water cleanup and core spray syst.rs. Given that these rmaierials are
nenconforming, but will not be replaced, and with an undeterminec accessibility
for inservice inspection, it follows that netallurgical char:ccterization of

these meterials with respect to propensity to IGSCC is in order.

Mr. Hazelton:
&

“1. First, what is the issue? We've been going around in circles on this one,
but if it is to be resolved by a trip to San Jose, it appears to me that
we'd better make sure that we know what it is that needs to be resolved.

a. If the question is whether some welds are, or could be sensitized,
we can stipulate right now to that effect.

b. If the question is whether all GE supplied equipment met or does
meet Regulatory 1.44, we know that the answer is negative.
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c. If the question is whether components not made to 1.4%, erc/or
are sensitized, are likely to fail in service, looking over welding
procedures will not resolve the issue."”

Halapatz responds:

1.

The issue is that we really haven t metallurgically characteri_ed the
materials of interest with respect to their propensity to IGSIC.
Halapatz assures Mr. Hazelton that Halapatz hasn't been goinc zround in
circles on this one. Halapatz has been to San Jose before; h¢ takes no
great delight in traveling on business to San Jose or elsewhere. should
that be bothering Mr. Hazelton, but he thinks we simply must téle & @
good hard look to determine what materials are in place in h7I.S and
what their propensity is to IGSCC based on cuidelines and criierie
the NRC applies in the licensing process, i.e., we should anticipate
rather than commiserate failures. We should then implement & w2ll-
defined surveillance program for these components identified as 'GSCC
prone,
"nhll> T e b nf”: -~ s -‘H.s.\'-‘c“

a. It's the severity of sensitizationathat higher heat inru: czvelops

more severe sensitization and a greater propensity to I3I2C. This

position is endorsed by R.G. 1.44, attachment 2, via the “cilowing:

"A11 welding processes will result in some carbide precizi<:tion

in the weld metal and in ba:e metal heaf-affected zone -7 _:.7less
stze]l welds, but significant sensitization does not rav=:" 7. recult
when typical welding procedures and material chemistry ¢ : .sc? and
when no further heating of material occurs. However, the¢~z is
evidence that atypical welding methods using very hizh 1< 1 ‘nput
could result in stress corrosion cracking in the hsat-r77.-"2¢

zone of the weld. To avoic this, the welding procecuires ¢ .
material chemistry (if necessary) should be controlied tc rrcvent
undue sensitization of th2 hcat-affected zones of the waic =nts,

Controls to prevent sensiziz:tion of the material curir: .:'cing

rnzv include: (1) avoidir- .:1Jing practices that rsz it ° 1%«
qerzration of high heat. (. ~z2intaining low reat inz.. .. ahtrole
lirc current, voltage, i~: trivel speed, (3) limitir: i-Tor-pacs

temperature, (4) using siringer bead technigues anZ z.Cici™
excessive weaving, and (5) limiting the carbon level ¢¥ < & material
where section thickness makes the material more prone to tensitiza-
tion. "

“In addition, welding procedures2 should be qualified b oassﬁng A
suitable intergranular corrosion test in all cases where the
procedure is used for welding stainless steel having & ceroon
level greater than 0.03 percent. The qualification test should be
performed using base material naving the maximum cartor Content
anticipated and the minimum and maximum thicknesses articipzted.
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"As a minimum, the varizbies tnat should be controilc: 1n the
qualification test are re2t input, interpass tempera:ure, and weld-
ing techniques for specific section thicknesses, ”

"6. Welding practices and, if necessary, material composition
should be controlled to avcid excessive sensitization of base
metal heat-affected zone: ¢f weldments. An intergranular corroc-
sion test, such as specificd in subparagraph C.3. above, should
be performed for each welcing procedure to be used for welding
material having a carbor content o1 gicatlr than 0,03 percent."”

This position also is endorsed b the current GE position on compliance with
R.G. 1.44 as developed within CZ3SAR Docket No. STN-50-447, £s shown in ¥
attachment 3, Shoreham, for exa~-'e, committed for NSSS to tne GI position
in GESSAR, Docket STN-50-447, ' icn limited welding heat input to 110,000
Joules/in, GE, however, later reconsidered, in 1980, its position as

shown by the GESSAR Il Docket :0-4%7 and limited welding heat input to
50,000 joules/in., in essentiai ccrpliance with R.G. 1,44,

The differing professional opiniorn expressed is consistent with R.Z. 1.44
and the current GE position.

To the extent that it can be est:Liished, however, welding wze performed on
Shoreham components to the 110,000 joule/in limit., On this basis, suspect
welds having a greater propenzi: to IGSCC should exist. NURIZ-C313, Rev. 1,
invoked by the NRC, however, acirc:ses only piping, but not reacior internals
or structurals nor nonconformiiz ritzrials as cited for Susgustanna.

b. Mr. Hazelton's statement thot GE equipment is in place wnich does not
meet R.G. 1.44 is 2 m: 5 contradiction and serious chalierze to the
credibility of MTEER SIic w'ich 2ddress the matter. The Sr-r2%am SER,
Docket 50-322, datea /;~.! 1931, attachment 4, for exampie, acknow=
fedges that R.G. 1.44 hzs been met, despite the farcical use of the
expression "satisfy the i1tcnt of R.G. 1.44."

The LaSalle FSAR corziz-: - = the 110,000 joules/ir. li~ii indi-

cates that the issue i: cetnezric (attachment 5).

c. Halapatz, R.G. 1.45, ard currently GE, share a common position; to
wit, that weld heat input should be controlled to lessen the
severity of sensitization and hence propensity to IGSCC. "“Looking
over welding proczdures" will contribute much information for the
metallurgical characterization of the materials of interest and
their propensity to ICSCC. The review would simply assess saterials
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;. Hazelton:

"M, reviewers and 1 believe tnat the lack of problems with IGSCC failures of
BW® internals, together with the results of laboratory tests showing the
recessity for maintaining stresses at or above yield to cause IGSCC in BWR
ervironment, Justify our pesition that complete conformance to Regulatory
Guide 1.44 is not required for us to make a finding that the applicable
GCC's are met.”

Helapatz responds:

Hzlapatz is astounded by Mr. Hazelton's statement that there is a lack of
problems with IGSCC of BWR internals. Mr. Hazelton and his reviewers are "
directed to attachment 6, which is a compilation of nuclear power plant ™
experience to which the NRC library suscribes. Mr. Hazelton will note

that the compilation describes IGSCC failures of reactor internals components,
which have become commonplace. Based on Mr. Hazelton's premise then, given
the number of failures which have occurred, stress levels at or above yield
would appear to be the rule rather than exception, in reactor internals and
structurals. Mr. Hazelton's argumert, relating to at or above yield stress
levels seems to be specicus.

Bzsed on FSAR information, NTOLs such as Shoreham, reactor internals and
structural materials will be the same, be welded using the same welding
ccmirols and enter service in the szme metallurgical condition, experience
the same service environment anc endure the same stress levels in service,
whatever they may beyas the reszctor interrnals and structural matericls
zpplied in pre-NTOL plants. Therefore, they can be expected to crack.
Malapatz finds it incredible that NTOLs are being.licensed with full know-
ledge that failures are likely to occur. The basic fact underlying his
DrC is that these potential failures should be identified and kept under
surveillance,

"3. Inspection programs on BLR internals are being carried out. These include
spray lines, feedwater sparcers, LPCI connectors, jet pump components, :
shroud head assembly (s:an¢ pirzs and steam separators), and tr: rteam
dryer assembly. This program res discovered cracks in core spra. lines
and spurgers, for exampie. (Ncte that not all cracks were in weid HAZs.)
In addition to these components that are inspected fairly often, the CRD
quide tubes and instrumentation piping are inspected every 10 years,
when it can be made accessible. We believe that this inspection program

is adequate, and is about the best that can be done."
' 4

-~

Halapatz responds:

In all candor, Mr. Hazelton's first statement, more properly should read,
"Incpections on some BWR internals are now being carried out." .Item 55 of
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attachment 6 is 11lustrative of how the problem is being handlec. It would
apoear more factual to state that cracks discovered in core spre. lines,
spargers, etc., are forcing us to inspect some components. The fact that

not all cracks were in weld HAZs leads one to conclude only that severely
sensitized base material was applied improperly.

Given this failure history and given that the netallurgical histories and
environmental and stress level experience of the materials applied in NTOLs
will be the same as those of pre-NTOL materials which have failec, it is
most baffling to read, as in the Shoreham 'SER dated April 1981:

“4.5.2 Reactor Internal and Core Support Materials

The applicant has met the requirements of General Design Criterion 1 and =
Section 50.55a of 10 CFR Part 50 by assuring that the design, facrication,

and testing of the materials used in the reactor internals and core support
structure are of high quality standards and adequate for structural integrity.
The controls imposed upon components constructed of austenitic stainless steel
satisfy the intent of the recommendations of Regulatory Guide 1.31, ‘Control
of Ferrite Content in Stainless Steel Weld Metal' and Regulatory Guide 1.44,
‘Control of the Use of Sensitized Stainless Steel.’

“The materials used for the construction of componen.s of the rezctor internals
ana core support structures have been identified by specification and found to
be in conformance with the requirements of NUREG-2000 of Sectior III and 7arts
4, 2, and C of Section Il of the ASMC Code. As proven by extensive tests and
s¢ticfactory performance, the specified materials are compatible with the
erpected environment and corrosion is expected to be negligibie.

"Tte controls imposed on the reactor coolant chemistry provide rezsonable
assyrance that the reactor inter als and core support structure w.ill be
adzquately protected during operation from conditions which coulc lead to
stress corrosion of the materials and loss of component integrity.

_"The material selection, fabrication nractices, examination and testing
pracecures, and control practice performed in accordance to troce recoms=
mendations provide reasonable assurance that the materials usec <or the
reactor internals and core support structure will be in a metzllurgical
condition to preclude service deteriorution. Conformance with tre -require-
ments of the ASME Code and the intent of the recommendations of the
requlatory guides constitutes and acceptable basis for meeting the require-
ments of General Design Criterion 1 and Section 50.55a of 10 CFR Part 50."
4L OATL cewmwuES
It is noted that Section XI coverage of BWR reactor internals is in the course
of preparation. Section XI acceptance standards for BWR core support struc-
tures also are in course of development. NRC guidelines relatinc to PSI and



a9
R. H, Vollmer ) - —

1S] of reactor internals are,at tnis time, no beiter definec t-.on the inspec-
tion program identified by Mr. Hazelton. Halapatz declines tc juage as

adequate an inspection program based on the accessibility of surfaces for
inspection. On this basis, sensitive surfaces,which should c¢ 1nspected,

may never be inspected. Attention is called, in this regarc, to item 12

of attachment 6, which addresses cracks in the core support guid of Dresden 1.
Halapatz further dec)ines to accept such a program, as descriped by Mr. Hazelton
as "about the best that can be done." There is much more th2t can be done: It
follows, more legically, that the identification of IGSCC prone reactor internals,
core support structures and components nonconforming to NURE--0213, Rev. 1,
should be inspected on the basis of mandatory accessibility c© surfaces as
prescribed inspection intervals rore restrictive than those prescribed by
Section XI. !;

Mr. Hazelton:

"4, Our reviewers feel strongiy tnat they should be includec in any NRC investi-
gation into the validity of tneir reviews. It is clear tnat we cannot
afford to send a contingent of six or more people to San Jose for this
purpose, therefore, we urge that General Electric be given the oppor-
tunity to come here to make @ formal presentation on the subject. I would
be pleased to assist in preparing a proposed agenda, which 1 believe should
cover much more than details of weld procedures."”

Halapatz responds:

Halapatz feels even more strongly about the issus and is very strongly dedicated
as his duty, in accordance with NRC Manual Chapter 4125-02, to the expression of
his differing professional opinion.

At the risk of appearing irreverent, givan the zpparent sencitivitly which has
developed, Halapatz suggests that the NRC would be best servec were his
differing professional opinion be considcred outside the jurisdiction of

Mr. Hazelton and his reviewers and instead be sutmitted to an impartial peer
review group for review, evaluzticn and recommendations. Helezztz is aware
that the NRC includes in its sta®‘, individuals, not herezc<o-e izzntified in
this matter, for whom he has professional respec: for tneir krowledge of the
technical aspects of the issues, in addition to their prcfessional objectivity
and integrity.

} b
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IWO NORIN NINTH STREET, ALLENTOWN, PA, 181010

|

PHONE (2151770.515)

-
NORMAN W. CURTIS =
vice Presigent - Engineenng & Construct on - Nuclear
7708381 "
June 30, 1981
Mr. A. Schwencer, Chief «
Licensing Branch No. 2 -
Division of Licensing '
U.S. Nuclear Regulatory Commission
washington, D.C. 20555 :

SUSQUEHANNA STEAM ELECTRIC STATION

RESPONSE TO NRC GENERIC LETTER 81-03

AND NUREG 0313 “"TECHNICAL REPORT ON
MATERIAL SELECTION AND PROCESSING GUIDELINES
FOR BWR COOLANT PRESSURE BOUNDARY PIPING"

ER 100450 FILE 841-9,883

PLA-856 841-13

Attached please find PP&L's response to Generic letter 81-03 and NUREG 0313 .

Very truly yours,

A7 7 Z 7
oF .(',/'. \:JY;‘/(-/“'\

/ i
N. W. Curtis

Vice President-Engineering & Construction-Nuclzar -
TEG/mks h:
Attachment {

’ 3 -

. PENNSYLYANIA POWER & LIGHT COMPANY
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since 1975, when knowledge of intergranular stress corrosion
cracking (IGSCC) in austenitic stainless steel in boiling water
reactor (BWR) piping was brought to its attention, Pennsylvania
Power & Light Company (PP&L) has undertaken an extensive program.
for the Susguehanna Steam Electric Station to effectively eliminate
the possibility of 1GSCC-caused downtime, and also to coniomm to
the reguirements of NUREC-0313, Rev. 1, and previous publications.

PP&L's program of IGSCC mitigation includes the followinc
methods:

1. Replacement of susceptible materials, where practical, with
materials that conform to Section III of NUREG-0313. ¢

A. Recirculation system discharge valve bypass line (4") -
replaced with carbrn-limited Type 304 SS (low carbon stainless
steel that meets the mechanical properties of regular grade Typ
304, and has a maximum carbon content of .03%). *

B. Core Spray and Head Spray-replaced with carbon limited
Type 304.

C. Reactor water clean-up system (RWCU) - replaced with
Type 304L SS. . ve .

D. Instrument piping and bottom drain - replaced with Type
304L SsS. ~

Any further replacement of nonconformirg material would result
in what PP&L feels is an undue hardship, because it would invelve
replacement of already-installed large diameter (20" or larger)
piping or flued heads that are imbedded in concrete.

.In view of the above reasons, and with consideration for the
very extensive effort by PP&L that resulted with the replacement
of a considerable amount of nonconforming material, FP&L xecuests
that further material replacement reguirements not be impcsed
(Generic Letter 81-03) because of severe undue hardship.

2. Elimination of lines whose functions are no longer recuired.
A. Control Rod Drive Hydraulic Return. |
F=»

3. Use of low carbon corrosion resistant weld builé-up (shop
method) for field welds.

A. Recirculation system risers.
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5. Solution heat treatment.

A. Recirculation system risers (shop welds) .

In addition to the mitigation methods listed above, PP&L has
used several more, some of which are listed under Ssection V of

NUREG-0313, as follows:

6. Dissolved oxygen control

A. During normal plant operation - PF&L has relocated the
control rod drive (CRD) pump intake from the condensate storage
tank to the condensate makeup/reject line. This results in using
CRD water with the lowest oxygen concentration available (essen-
tially water of feedwater gquality). -

B. » During all phases of operation/shutdown except normal
operation, oxygen levels are reduced by the use of a mechanical
vacuum deaerator. The deaerator is expected to maintain an oxygen
content of less than 250 PPB during start-up, hot standby and shut-

down.

7. Welding Parameters

A. Block welding was prohibited.
B. Interpaés temperature was limited to 350°F maximum.

C. No preheat was used (in excess of a working range of
60°F to 150°F).

8. Trerrite Control

All of the weld metal and all of the type 304/316 castings
were specified to have not less than 5% ferrite content. This
level is generally recognized as sufficient to provide immunity
from the initiation of IGSCC. -

-
L4

Use of induction heating stress improvement (IHSI)

IHSI is a method of eliminating or substantially reducing
residual tensile stresses on the insicde surface of the piping. These
tensile scresses are primarily caused by welding and have been
jdentified as one of the three majur causes of 1IGSCC. PPsL is
presently considering the use of IHSI for 108 welds on No. 1 unit
that do not conform to Section III of NUREG-0313. These welds are
among a total of 110 welds of 4" diameter and larger ‘that are
presently scheduled to receive augmented inservice inspection (ISI)
in accordance with Section IV.B.1.b of NUREG-0313.
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1. Recirculation sysicr cischarge valve Lyjoys =.he
welds (HAZ, s on welcolots).

2. Recirc. risers - 10-12" welds (HAZ's on cwecpolets/
reducers) .

3. Core spray - 4-12" welds (HAZ's on 316 §S flued heads).

4. RWCU - 6-4" welds (HAZ's on weldolets/flued heads).

5. Residual Heat Removal (RHR) system - 41 welds (20", 24").

6. Balance of recirculation system = 45 welds (4", 22", 28").

For No. 2 unit, PP&L intends to use the IHSI process for 103 gut of
a total of 105 non-conforming welds. All 105 welds are also gresently

schedaled for augmented ISI.

~

The 105 welds are as follows: .

1. Recirculation system discharge valve bypass line
4-4" welds (HAZ's on weldolets).

2. Recirc. risers - 10-12" welds (HAZ's on sweepolets/
reducers) .

3. Core spray - 4-12" welds (HAZ's on 316 SS flued heads).
4. RWCU - 2-4" welds (HAZ's on weldolets).
5. Residual Heat Removal (RHR) sy;tem-46 welds (20", 24").
1 6. Balance of recirculation system - 45 welds (4", 22", 28").

The only other known welds that do not conform to Section III
are numerous small (&£ 2" diameter) socket welds, used mostly on in-
strument piping. Becaus:- of the Gifficulty with reflected sicnal
interpretation due to their small si:ze, they are exempt Irom the
type of inspection (ultrasonic) that is meaningful for da@tecting
the inside-surface originating IGSCC, and therefore, PP&L believes
that augmented ISI is not reguired for these small welds.

The SSES leak detection system has been reviewed f or NUREG-0313
compliance and it is our determination that the design conforms to
the requiremrnts of Section IV.B.l.a. g
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U.S. ATOMIC ENERGY COMMISSION

REGULATORY GUIDE

DIRECTORATE OF RLGULATORY STANDARDS

.

May 1973

REGULATORY GUIDE 1.44
CONTROL OF THE USE OF SENSITIZED STAINLESS STEEL

A. INTRODUCTION

Ceneral Design Criteria 1 and 4 of Appendix A to
10 CFR Part 50, “General Design Criteria for Nuclear
Power Plants,” require that components be designed,
fabricated, erected, and tested to quality standards
commensurate with the importance of the safety
functicss to be performed and that they be designed to
accormmodate the effects of and be compatible with the
environmental conditions associated with normal
operation, maintenance, testing and postulated accident
conditioas Appendix B to 10 CFR Part 50, “Quality
Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants,” requires that measures be
established to assure meterials control and control of
special processes such as welding and heat treating aid
to assure performance of reliable testing programs. This
guide describes acceptable methods »f implementing the
above requirements with regard to control of the
application and processing of stainless steel to avoid
severe sensitization that could lead to :'ress corrosion
cracking. This guide applies to light-water-cooled
revctors. The Advisory Committee on Reactor
Safeguards has been consulted concerning this guide and
has concurred in the regulatory position.

B. DISCUSSION

Control of the application and processing of
stainless steel to avoid severe sensitization is needed to
diminish the numerous occurrences of stress corrosion
cracking in sensitized stainless steel components of
nuclear reactors, Test data demonstrate that sensitized
stainless steel is s'enificantly more susceptible to stress
corrosion cracking than non-sensitized (solution heat
treated) stainless steel. Of specific concemn in this guide
are the unstabilized austenitic stainless steels, which
include American Iron and Steel Institute (AISI) types
304 and 316 normally used for components of the
reactor coolant system and other safety-related systems.
This guide does not cover stabilized stainless steels (e.g.,

AISI types 321 and 347) which also provide some
protection against sensitization, since these materials are
not currently being selected for use in light-water-cooled
reactors,

Process controls ciould be exercised dwring ah
stages of component manufacturing and Jeactor
construction to minimize exposure of stainless ‘steel to
contaminants that could lead to stress corrosion
cracking. Since some degree of material contamination is
inevitable during these operations, halogens and halogen
bearing compounds (e.g., die lubricants, marking
compounds and masking tape) should be avoided to the
degree practical.

All cleaning solutions, processing compounds,
degreasing agents, and othel foreign materials should be
completely removed at any stage of processing prior to
any elevated temperature treatment and prior to
hydrotests. Reasonable care should be taken to keep (1)
fabrication and construction areas clean, (2) components
protected and dry during storage and shipment, and (3)
all crevices and small openings protected against
contamination. Pickling of sensitized stainless steel
should be avoided. Special precautions should be taken
to avoid surface contamination with fluorides from
welding rod coatings and fluxes. The quality of water
used for final cleaning or flushing of finished surfaces
during installation should be in accordance with Regula-
tory Guide 1.37.

Solution heat treating and testing should normally
be performed on starting material. Howéver, in order to
assure the proper solution heat-treate¢”condition of the
surface areas of finished components, it may be
preferable to perform the solution heat treating and
testing operation at a later stage of component
manufacturing.

-
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Solution heat treating should mcla.de sooling rates
sufficiently rapid to prevent precipitation of carbides to
a degree that the material is not susceptible to
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intergranular stress corrosion. Water quer.- hing (used fu:
simple shapes such as bars and plates) shoud produce an
acceptable cooling rate. However, cooling by means
other than water quenching is acceptable only *vhen the
2 oling rate is sufficiently rapid to prevent sensiiization
This determination is made by subjecting the material to
a suitgbie in’ *rgranular corrosion test such as Practice E
of Amcnc'nn society for Testing and Materials (ASTM)
A 262-70.

Practice E of ASTM A 262.70, “Copper—~Copper
Sulfate—Sulfuric Acid Test,” and the accompanying
screening test Practice A, “Oxalic Acid Etch Test,” are
considered suitable tests for verifying non-susceptibility
of the material to intergranular stress corrosion.
Although these accelerated tests use different
environments than anticipated in reactors and do not
provide information relating directly to susceptibility to
stress corrosion cracking in reactor environments, these
tests do readily detect the presence of significant
sensitization of the material, a condition which has been
related with actual intergranular stress corrosion attack
in reactor environments. These specific tests are
identified here because they are the only known tests
endorsed by a consensus standard that includes
acceptance criteria (acceptable—non-acceptable basis)
for the material being tesied. Alternate test methods
that can be qualifed are .iso acceptable.

Specimens for the intergranular corrosion tests from
material with carbon content greater than 0.03 percent
should be tested in the solution heat-treated condition.
Specimens from material with carbon content of 0.03
percent or less should be tested after a sensitizing
treatment of one hour at 1250°F ¢ 25°F.

Controls should be maintained on the chemistry of
the reactor coolant and auxiliary sys*ems fluids to which
the material is exposed. Chloride and fluoride ion
concentrations should be specified to be less than 0.15
parts per million (ppm) at all times. Dissolved oxygen
concentrations should be maintained below 0.10 ppm
during periods when the material is at elevated
temperatures. When the oxygen content regularly
exceeds this level, such as occurs in BWR reactor
coolants during normal operation, sensitization of
material that is welded without subsequent solution heat
treatment should be further controlled by limiting the
carbon level in the material to 0.03 percent. Carbon level
control is not needed for weld metal and castings with
duplex structures since these product forms with normal
carbon levels have demonstrated adequate resistance to
intergranular atiack. Carbon level control may not be

' ASTM Standard A 262-70, “Recommended Practices for
Detecting Susceptability to Intergranular Attack in Stainless
Steels,” may be obtained from ASTM, 1916 Race Street,
Philadelphia, Pennsylvania 19103,

-

required for piping if its diameters are sufficiently small
‘e.g., instrument lines and control rod drive hydraul
systems) so that it could withstand a single failure
without an accompanying loss-of-coolant accident as
defined in 10 CFR Part 50, Appendix A.

S:ainless steel subjected to sensitizing :emperatures
(800 tc 1500°F) during fabrication (except during
welding) should be retested with a suitable intergranuler
corrosion test (such as ASTM A 262-70) to demonstrate
that the thermal treatment did not result in undue
sensitization. Specimens for the retest should be
subjected to a thermal treatment that duplicates the
temperatures, number of cycles, holling time at each
cycle, and minimum heating and cooling rate in the 800
to 1500°F range. If more than one cycle at only one
temperature is to be used in production, one cycle with
a holding time equivalent to the total time wokld be
acceptable for testing purposes. -

Under certain conditions material subjected to
sensitizing temperatures (800 to 1500°F) during special
processing may be acceptable for intended use’(eg.,
nitrided control rod drive material). These conditions
should include, as a minimum, assurance that:

1. The process is properly qualified and controllgd
to develop a consistent and uniform product,
irrespective of heat of material and equipment used; and

2. Adequate documentation exists that the
processed material will not develop intergranular stress
corrosion during its service life. Adequate
documentation should include actual service experience
and/or test data in simulated environments and
operating conditions. Service experience should include
positive evidence through destructive examination that
intergranular stress corrosion did not occur.

All welding processes will result in some carbide
precipitation in the weld metal and in base metal
heat-affected zone of stainless steel welds, but significant
sensitization does not normally resu!t when typical
welding procedures and material chemistry are used and
when no further heating of material occurs. However,
there is evidince that atypical welding thethods using
very high heat input could result in.Stress corrosion
cracking in the heat-affected zone of the weld. To avoid
this, the welding procedures .nd material chemistry (if
necessary) should be controlled to prevent undue
sensitization of the heat-affected zones of the
weldments. Controls to prevent sensitization of the
material during welding may include: (1) avoiding
welding practices that result in the generation of high
heat, (2) maintaining low heat input by controlling
current, voltage, and travel speed, (3) limiting interpass
temperature, (4) using stringer bead techniques and
avoiding excessive weaving, and (S) limiting the carbon
level of the material where section thickness makes the
material more prone to sensitization.
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In addition, sclding procedures’ should be

qualified by passing a suitable intergranular corrosion
test in all cases where the procedure is used for weldir}
stainless steel having a carbon level greaier than 0.03
percent. The qualification test should be performed
using base material having the maximum carbon content
anticipated and the minimum nd maximum thicknesses
anticipated.

As a minimum, the variables tthat should ke
controlled in the qualificaticn test are heat input,
interpass temperature, and welding techniques for
specific section thicknesses.

C. REGULATORY POSITION

Unstabilized, austenitic stainless steel of the AISI
Type 3XX series used for components that are part of
(1) the reactor coolant pressure boundary, (2) systems
required for reactor shutdown, (3) systems required for
emergency core cooling, and (4) reacior vessel internals
that are relied upon to permit adequate core cooling for
any mode of normal operation or under credible
postulated accident conditions should meet the
following:

1. Material should be suitably cleaned and suitably
protected against contaminants capable of causing stress
coirrosion cracking during fabrication, shipment, storage,
construction, testing, and operation of components and
systems.

2. Material from which components and systems
are 10 be fabricated should be solution heat treated? to
produce a non-sensitized condition in the material.

3. Non-sensitization of the material* should be
verified using ASTM A 262.70, “Recommended
Practices for Detecting Susceptibility to Intergranular

Attack in Stainless Steel,” Practices A or E, or another
meti.od that can be demonstrated to show
non-sensitization in austenitic stainless steel. Test
Specimens should be selected from material subjected to
each different heat treatment practice and from each
heat.

?Welding procedure means procedures qualified in
accordance to the rules of Section IX of the American Society of
Mechanical Engineers Boiler and Pressure Vessel Code.

'Solution heat treated means heating to a suitable
temperature, holding at that temperature long enough to cause
all carbides to enter into soiution, and then cooiing rapidly
enough to keep the carbon in solution.

*Material of product forms with simple J":apes not subject
to distortion during heat treatment such as plate, sheet, bars,
pipe, and tubes need not be tested provided the solution heat
treatment is followed by water quenching.

4. Material subjected to sensitizing temperature in
the range of 800 to !500°F, subsequen! to solution heai
treating in accordance with subparagraph C.2. above and
testing in accordance with subparagraph C.3. above,
siould be L Grade material; that is, it should not have a
carbon content greater than 0.03 percent. Exceptions
are:

(a) Material exposed to reactor coolant which
has a controlled concentration of less than 0.10 ppm
dissolved oxygen at all temperatures above 200°F during
normal operation; or

(b) Material in the form of castings or weld
metal with a ferrite content of at least § perce=t; or

(¢) Piping in the solution annealed condition
whose exposure to temperatures in the range of 800 to
1500°F has been limited to welding operations, provided
it is of sufficiently small ¢sameter so that in the event of
a credible postulated failure of the piping duing normal
reactor operation, the reactor can be shutedown and
cooled down in an orderly manner, assuming makeup is
provided by the reactor coolant makeup system only.

5. Material subjected to sensitizing temperatures
in the range of 800 to 1500°F during heat treating or
processing other than welding, subsequent to solution
heat treating in accordance with subparagraph C.2.
above, and testing in accordance with subparagraph C.3.
above, should be retested in accordance with
subparagraph C.3. above, to demonstrate that is not
susceptible to intergranular attack, except that retest is
not required for:

(a) Cast metal or weld metal with a ferrite
content of S percent or more; or

(b) Material with a carbon content of 0.03
percent or less that is subjected to temperatures in the
range of 800 to 1500°F for less than one hour; or

(c) Material exposed to special processing,
provided the procesiing is properly controlled to develop
a uniform product and provided that adequate
documentation exists of service experience and/or test
data to demonstrate that the processing will not result in
increased susceptibility to intergranular stress corrosion.

Specimens for the above retest should be taken
from each heat of material and should b& subjected tv a
thermal treatment that is repreSentative of the
anticipated thermal conditions at the production
material will undergo.

6. Welding practices and, if necessary, material
composition should be controlled to avoid excessive
sensitization of base metal heat-affected zones of
weldments. An intergranular corrosion. test, such as
specified in subparagraph C.3. above, should be
performed for each welding procedure fo be used for
welding material having a carbon content of greater than
0,03 percent.
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3p-1,44 Control of the U:re of Seneitizeéd Stainlesnt frec) (LN

Control of the use of sencitized stainless steel corplaies with
Regulatory Guide 1.48, with the following modification:

1. Regulatory Position C.b6: In lieu ot the intergranular
corrosion test specified in paragraph c.3, an alternate
test method may be used to demonstrate acceptable levels
of sensitization for welding procedures. The
ASTM A708-74 standard is used to perform intergranular
corrosion test in paragraph C.6 except that the radius
of the bend test specimen is as specified in ASME Code,
Section IX with weld-base metal interface located at the

centerline of the bend.

For the NSSS camponents, conformance to this guide is in
accordance with the generic BWR position as ddcurented
in GESSAR (AEC Docket No. ETN-50-447) Chapter 54

Reference Sections 4.5, £.2.3, and 5.2.5

ip-10a/b Revision 14 Decemrber 1978
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We conclude that, with the exceptions noted above, the thermal~hydraulic design
of the core conforms to the Commission's regulations and to applicable regulatory
guides and staff technical positions as set forth in Standard Review Plan Sec-

tion 4.4 and is, therefore, acceptable.

4.5 Reactor Materials

4.5.1 Control Rod System Structural Haterialg

The mechanical properties of structural materials selected by the applicant

for the control rod system components of Shoreham that are exposed to the reactor
coolant satisfy the criteria of Appendix I of Section III of the American Society
of Mechanical Engineers Code and Parts A, B, and C of Section II of the Code,

and conform with our position as stated in Section 3.5.1 of the Standard Review
Plan that the yield strength of cold worked austenitic stainless steel should

not exceed 90,000 pounds per ¢juare inch. :

The controls imposed upon the austenitic stainless steel of the mechanisms
satisfy the intent of the recommendations of Regulatory Guide 1.31, “Controls .
of Ferrite Content in Stainless Steel Weld Metal," and Regulato Guide 1.44,
“Co f the Use of Sensitized Stainless Steel." Féﬁ?azsfion ang neat treat-
ment practices performed-in accordance wi ese recommendations provide added
assurance that stress corrosion cracking will not occur during the design life
of the component. The compatibility of all materials used in the control rod
system, in contact with the reactor coolant, satisfies the criteria of Articles
NB-2160 and NB-3120 of Section III of the Code. Precipitation-hardening stain-
less steels have beer, given tempering or aging treatments in accordance with our
positions as stated in Section 4.5.1 of the Standard Review Plan. Cleaning and
cleanliness control are in accordance with Regulatory Guide 1.37, "Quality
Assurance Requirements for Cleaning of Fluid Systems and Associated Components
of Water-Ccoled Nuclear Power Plants.”

Conformance with the codes, standards, and regulatory guides indicated above,
conformance with our positions on the allowable maximum yield strength of cold
worked austenitic stainless steel, and the tempering or aging temperatures of
martensitic and precipitation-hardened stainless steel, constitute an acceptable

Egsis for meeting in part the requirements of General Design Criterion 26.

-

4.5.2 Reactor Internal and Core Support Materials

-

-

The applicant has met the requirements of General Design Criterion 1 and Section
50.55a of 10 CFR Part 50 by assuring that the design, fabrication, and testing
of the materials used in the reactor internals and core support structure are
of high quality standards and adequate for structural integrity. The controls
imposed upon components constructed of austenitic stainless steel satisfy the
intent of the recommendations of Regulatory Guide 1.31, "Control of Ferrite
Content in Stainless Steel Weld Metal" and Regulatory Guide 1.44, "Cortrol of
the Use of Sensitized Stainless Steel." s S ————— .
——— st
The materials used for the construction of components of the reactor internals
and core support structures have been ideitified by specification and found to
be in conformance with the requirements of NUREG-2000 of Section III and Parts
A, B, and C 0. Section II fo *the ASME Code. As proven by extensive tests and
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satisfactory verformance, the specified materials are compatible with the
expected environment and corrosion is expected to be negligible.

The controls imposed on the reactor coolant chemistry provide reasonable assurance
that the reactor internals and core support structure will be adequately protected
during operation from conditions which could lead to stress corrosion of the
materials and loss of ccmponent integrity.

The material selection, fabrication practices, examination and testing procedures,
and control practice performed in accordance to those recommendations provide
reasonable assurance that the materials used for the reactor internals and core
support structure will be in a metallurgical condition to preclude service
deterioration. Conformance with the requirements of the ASME Code and the intent
of the recommendations of the regulatory guides constitutes an acceptable basis
for meeting the requirements of General Design Criterion 1 and Section 50.%5a
of 10 CFR Part 50.

4.6 Functional Design of Reactivity Control Systems

4.6.1 General =

The control rod drive ‘ystem and recirculation flow control system are designed
for reactivity control during power operation. Reactivity is controlled in

the event of fast transients by automatic rod insertion. In the event the reactor
cannot be shut down with the control rods, the operator can actuate the standby
liquid control system which pumps a solution of sodium pentaborate into the
primary system.

4.6.2 Control Rod System

Each control rod is moved by a separate hydraulic control unit. A supply pump
provides the hydraulic control units with water from the condensate storage
tank for cooling the rods and for moving them into and out of the core, with a
spare pump on standby. The pump also provides water to a scram accumulator in
each hydraulic control unit to maintain the desired water inventory. When neces<
sary, the accumulator forces water into the drive system to scram the control
rod connected to that hydraulic control unit. At lower pressures the volume

of water in the scram accumulator is sufficient to scram the rod. At higher
pressures most of the water to scram is provided from the reactor vesseT. A
single failure in a hydraulic control unit would result in the fai1u§§ of only
one rod. In addition, any single component may be removed from the control

rod drive (CRD) system without disabling the protective system. The protection
system has been designed to permit periodic functional testing during power
operation with the capability to test individual scram channels and motion of
individual control rods independently, thus complying with the requirements of
Criterion 21 of the General Design Criteria. s

Preoperational tests of the control rod drive hydraulic system will be conducted
to determine operability of the system. Startup tests will be conducted over
the range of temperatures and pressures from shutdown to operating conditions

in order to determine compliance with applicable technical specifications.

Each rod that is partially or fully withdrawn during operation will be exercised
one notch at least once each week. Operable control rods are *=2sted for com=
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Information to be reported will include all abnormalities ranging from mirl~
wear observed during normal inspection to complete failures, including failure
to open or close and inadvertent operation. We will require the applicant to
participate in this program.

To reduce the effects of safety-relief valve discharge to the suppression pool,
*he applicant has changed the safety-relief valve discharge device from a ramshead
+o0 a quencher design. The applicant has stated that the overpressure protecticn
will not be affected by this change. From a transient standpoint, the safety-
~elief valve discharge critical flow is the flow of interest. The applicant

has stated that the change from a ramshead to a quencher does not affect the
critical flow and, therefore, does not affect the overpressure calculations.

On this basis, we find the change is acceptable with regard to the overpressure
protection function. In addition, a startup test will be performed to demon=
strate expected safety-relief valve discharge flow.

In summary we have reviewed the system design to prevent overpressurization}of
the reactor coolant system. We conclude that this sx;:em, conforms to the
requirements of General Design Criterion 15 and the rican Scciety of Mecnani-
cal Engineers Boiler and Pressure Vessel code and is acceptable. However, this
evaluation is subject to confirmation by the ODYN re-analyses discussed above.

5.2.6 Reactor Coolant Pressure Boundary Materials

§5.2.6.1 Material Specificati-ns and Compatibility with Reactor Coolant

The materials used for construction of components of the reactor coolant pressure
boundary, including the reactor vessel and its appurtenances, have been identified
ky specification and found to be in conformance with the requirements of Sec-

tion III of the ASME Code.

General corrosion of all materials except carbon and low alloy steel will be
negligible._ For these materials, conservative corrosion allowances have been
provided for all exposed surfaces of carbon and low alloy steel in accordance
with the requirements of ection III of the ASME Code. The external nonmetallic
insulation to be used on austenitic stainless steel components conforms with
the requirements of Regulatory Guide 1.36, "Nonmetallic Thermal Insulation for
Austenitic Stainless Steels."

P -
Further protection against corrosion preblems will be provided by control of
the chemical environment. The cocmposition of the reactor coolant will be
controlled and the proposed maximum contaminant levels have been shown by tests
and service experience to be adequate to protect against corrosion and stress
corrosion problems.

v

The controls imposed cn reactor coolant chemistry are in conformance with the
recommendations of Regulatory Guide 1.56, "Maintenance of Water Purity-in Boiling
Water Reactors," and provide reasonably assurance that the reactor coolant
pressure boundary components will be acequately protected during operation from
conditions that could lead to stress corrosion of the materials and loss of
structural integrity of a component.

The instrumentation and sampling provisions recormended in Regulatory Guide 1.56
for monitoring reactor coolant water chemistry provide adequate capability to
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detect changes on a timely basis and to effect corrective actions to bring the .
coolant chemistry within limite which will prevent stress corrosion.

The use of materials of proven performance and the conformance with the recom”
mendations of the regulatory guides mentioned above constitutes an acceptable
pasis for satisfying the requirements of Criteria 14 and 31 of the General Design

Criteria.

5.2.6.2 Stainless Steel Pipe Cracking

In September 1974, cracking was experienced in the stainless steel piping at
Dresden Nuclear Power station, Unit No. 2. This was the first of a series of
incidents of intergranular stress corrosion cracking that occurred in ~e1d heat=
affected zones in Type 304 stainless steel recirculation system bypass piping
systems and core spray lines. As a result of these incidents, a special task
group within the NRC was formed to jnvestigate the causes of the cracking.

The results and conclusions of the task group are given in the staff technical
report, "Investigation and Evaluation of Cracking in Austenitic stainless Steel ;

piping of Boiling Water Reactor Plants,"” NUREG-75/067, October 1975

The task group found that austenitic stainless cteel piping in the reactor coolant
pressure boundary of boiling water reactors is susceptible to stress corrosion
cracking. This was due to the pressure of oxygen in the coolant, high residual
stresses, and some sensitization of metal adjacent 1o welds. They found that
cracks were expected to be present in the heat-af fected zones adjacent to welds
and cracks should not occur outside these ZOnes where sensitization has not

taken place, provided the pipe material is properly annealed.

The applicant is implementing a number of the task group's recommendations for
jdentified areas of high susceptibility. The two bypass lines have been entirely
removed from the recirculation system and the existing weldolets will be capped
gtilizing @ corrosion resistant (304L) weld inlay in contact with the coolant.
The core Sprey cafe-ends and the stainless steel spool transition pieces will

.

be replaced with new hardware fabricated from low allow steel. The control

rod drive hydraulic return line will be removed and the existing reactor pressure
vessel return nozzle will be capped.

Although the applicant has taken corrective actions with regard to intergranular
stress corrosion as indicated above, additional actions may be appropriate.

sion 1, "Technical Report on Material selection and Processing Guidelinesffor
gWR Coolant Pressure Boundary piping." We will provide our evaluation of the
applicant's response in a supplement to this report. -

-

5.2.6.3 Fabrication and Processing of Ferritic Materials

fracture toughness of the ferritic materials in the reactor coolant pressure
boundary is discussed in section 5.3.1 of this report. welding of all cofiponents
of ferritic steels was performed in accordance with the provisions of the ASME
Code, Sections 111 and IX. This compliance with the Code provides reasonable
assurance that cracking of components made from ferritic steels will not occur

during fabrication.

—— — s




e

ncontro o
equirement

d Nucle
Areas ©

gsition o

lequlats guide 1;55*

fory Gu1§e 1.31, iqual ity Assuran
ciated Com onents of water Coo

i "we ua\ification for




6 ENGINEERED SAFETY FEATURES

The purpose of the various engineered safety features in a nuclear power plan:
is to provide a complete and consistent means of assuring that the public will
be protected from excessive exposure to radioactive materials should a major
accident occur in the plant. Systems and components designated as engineered
safety features are designed to be capable of performing their function of
assuring safe shutdown of the reactor under the adverse conditions of the various
postulated design basis accidents deucribed in Section 15 of this report. They
are designed to seismic Category I standards and they will function even with
complete loss of offsite power. Components and systems are provided with suf-
ficient redundancy so that a single failure of any component or system wi[)

not result in the loss of the plant's capability to achieve and maintain a safe
shutdown of the reactor. The instrumentation and control system for each «
engineered safety feature is designed to the same seismic, redundancy, and
quality requirements as the system it serves. Instrumentation and control”
systems are discussed in Section 7 of this report.

6.1 Engineered Safety Features Materials

The mechanical properties of materials selected for the engineered safety
features satisfy Appendix I to Section III of the American Society of Mechanical
Engineers (ASME) Code, or Parts A, B, and C of Section II of the ASME Code.
The controls imposed on the use and fabrication of the austenitic stainless
steel of the systems satisfy the requirements of our position on Regulatory
Guide 1.31, "Control of the Use of Sensitized Stainless Steel.”

P ———— o c——r v— e
The controls placed on concentrations of leachable impurities in nonmetallic
thermal insulation used on austenitic stainless steel components of the
engineered safety features are in accordance with Regulatory Guide 1.36,
"Nonmetallic Thermal Insulation for Austenitic Stainless Steel."

Conformance with the ASME Code and regulatory guides mentioned above, and with
our positions on stainless steel, constitute an acceptable basis for meeting
applicable requirements of Criteria 35, 38, and 41 of the General Degfign Criteria
and is accentable. &

We have evaluated the protective coating system used inside the primary contain-
ment and determined that the system meets the recommendations of Regulatory
Guide 1.54, "Quality Assurance Requirements for Protective Coatings Applied to
Water-Cooled Nuclear Power Plants.” The total amount of unqualified paints

and organic materials inside the primary containment is estimated to ber
negligible. We therefore, conclude that the applicant's protective coating
system is acceptable.

6.2 Containment Svstems

The containment systems for the Shoreham Nuclear Station include a Mark II type
containment structure as the primary containment, a secondary containment
surrounding the primary containment and housing equipment essential to safe

6-1
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REGULATORY GUILE 1.44

Initial Issue: Revis:on 0, May 1973
Current Issue: Revision 0, May 1973

La Salle C.P. Issued: Sefptember 10, 1973

CONTROL OF THE USE OF SENSITIZED STAINLESS STEEL

Requlatory Guide 1.44 describes acceptable methods for the
control of the application and processing of stainless steel to
avoid severe sensitization that could lead to stress corrosion

cracking. y
3

The purpose of this guide is to address 10 CFR 50 Appendix A,
GDC's 1 and 4, and Appendix B reguirements to control "the L
application and processing of stainless steel to avoid severe .
sensitization that could lead to stress corrosion cracking." The
guide proposes that this should be done by limiting sensitization
due tco welding as measured by ASTIM A262 Practice A or E, or

a other method that can be demonstrated to show nonsensitization
in austenitic stainless steels.

Tests by General Electric indicate that the test specified by
A262 A or E (Detecting Susceptibility to Intergranular Attack in
Stainless Steel) cdetects sensitization in a gross way, ané that
the tests do not provide a precise method of predicting
susceptibility to stress corrosion cracking in the BWR
environment.

All austenitic stainless steel for LSCS Units 1 and 2 was
purchased in the solution heat treated condition in.accordance
with applicable ASME and ASTM specifications. Carbon content was
limited t~ 0.08% maximum, and cooling rates from solution heat
treating temperatures were required to be rapid enough to prevent

sensitization.
-

welding heat input was restricted to 110,000 joules per ifch
maximum, and interpass temperature to 350° F. High heat welding
processes such as block welding and electroslag welding were not
permitted. All weld filler metal and castings were required by
specification to have a minimim of 5% ferrite. As deposited
austenitic welds were controlled ‘o have at least 3% ferrite
content. See Subsection 5.2.3 4 for specific reference tom*
control of the use of sernsitized stainless steel. Additionally,
grinding of field erection welds was prchibited on the reactor
fluid side of Class 1 stainless steel pressure boundary pipe.

Whenever any wrought austenitic stainless steel was heatec to

temperatures over 800° F by mcans other than welding or thermal
cutting, the material was re-soluticn heat treated.

B.1-51
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These controls were used to avoic severe sensitization and to
comply wath the intent of Reculatory Guide 1.44, "Control of the
Use of Sensitized Stainless Steel."

we believe that we comply with the intent of this guide via
incorporation of the alternate approach cited above.

-:.‘L-"
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. GENERAL INFORMATION ON NUCLEAR POWER EXPERIENCE (NPE)

-~

NPE compiles snd reports om the operating
experiences of all large light water nuclear
power plaats in the U.S.A. Ve report
experiences of LWR's located in other coun-
tries also, but so far not as much {rforma-
tion is avallable on those planta,

We concentratz on operating problems (equip-
ment breakdowas, malfunctions, outages, etc.).
Because of this our output tends to take on

s very negative slant, Readers should keep
in mind that the information we supply is

not .ndicative of overall plant experience.
One has only to giance through our “Availa-
bility" sectiom to find that, on the whole,
nuclear power plants are compiling envious
records of reliable service.

Purposes of NPE
To help our subscribers:

- stay current with the problems occurring
in the nuclear power industry,

~ and to assist them in retrieving infor=-
mation on past problems,

By doing this, we expect to help our
subscribers

- prevent outages,

-~ and save engineering and technician
manhours.

Our System

Each month we systematically review a very
large amount of literature (periodicals,
technical papers, technical reports,
correspondence between the plant owner and
the NRC, etc.). During this review, we
select only the information pertaining to
cperating problems. This information is
condensed somewhat (but we try not to lose
content) and categorized., At the end of
the month we send the information to our
subscribers and thay file it i{n the loose
leaf filing system which we supply.

Problem Descriptions

In writing the descriptions of the opera-
ting problems (filed in volumes BWR-2 and
PWR~2) we try to include (if the information
is available)s

- where the problem occurred,

when it happened (if it was prior to the start
of commercia! operations, the appropriate
phase of startup testing, e.g., "during fuel
loading”),

what happened,

- why,

how it could have been prevented,

~ and how it was corrected,
References

At the end of each problem d-scripuu,'»thcu will
be one or more lower case letters enclospd by
parentheses. These letters direct the reader to
the reference sections located at the baek.of either
volume, BWR-2 or PWR-2, and indicate the- source(s)
of the information, [ &%

The Loose Leaf Filing System

There are 5 basic volumes (some have more than one
Jbinder):

- A thin Light Blve Volume is used for a number
of miscellaneous purposes, It contains a key
word index, an availability sutwmary, a list of
abbreviations and filing instructions. In
addition there is a section entitled "LATEST
MONTH OPERATING EXPERIENCES"™ that can be used
(if the subscridber wishes to do so) to file the
latest information for volumes BWR-2 and PWR-2
for one month, In this way readers can use any
spare time they have during the month to look
over the new material. At the end of the montk
the pages are filed in volumes BWR-2 and PWR-2,

Note: New subscribers should decide if
they will use the "LATEST MONTE OPERATING
EXPERIENCES" feature and instruct the
person(s) responsible for the filing,
accordingly. - .

- Volume BWR-1 (red) is indexed by boiling vater
reactor plant naem. It serves as a companion
v.lume to the more important volume BWR-2.
Volume BWR-1 contains brief plant descriptions
and operating histories for each plant. The
descriptions are prepared and issued at roughly
the same time that a new plant “starts up”
and becomes commercizlly available. The initial
versions of the histories are issued after the
plant has acquired significangwexperience.

>
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Cenczal Info. om NPE
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- Volume BwR-2 (red) is indexed by boiling wate:
resctor plant system and/or component. This

. §s the most significant part of the NPE system
(for BWR's) snd is where the information on the
operating problea is filed. This volume also
contains cross-references (plant name vs.
problem item nusber.).

« Volume PWR-1 (dark blue) is the pressurized water
reactor equivalent of volume BWR-1.

« Volume PWR-2 (derk blue) is the pressurized water
reactor equivalent of volume BWR-2.

Plants Already in ration

Basically we will be reporting the experiences
uncovered during the previous month, However,
sbout 2 dozen plants started operating before we
did (May 72) and we felt that our compilation
would be incomplete if we did not go back and
report ou those old experiences. Ve did this
during our first year of existence.

Staying Current

We publish a large quantity of information every
month, Because ve realize that most people do
not have much spare reading time we have designed
s nuober of "reading time savers” into our system:

- the two columm format for easier reading,
-
- an underlined upper case headline for each opera-
ting problem (you can skip the details of
prodlens you are not interested in),

- basic filing is by plant component or systea.
(if you are only {nterested in instrumentation
and control, you can skip everything else; the
page numbering system provides the clues),

- the page nu.bering system (at the top of es~h
page) alwavs tells you what type of reactor
(BWR or Fwz) and what component snd/or systeam
you are rzading about,

- the "N" (for New), "0" (for 0ld) and "R" (for
revised) code numbers in the margins {you may only
be interested in new or revised information).

Retrieval of Informatiom

There are many reasons why a person may wish to

enter the loose leaf filing system to retrieve an

experience. For exazple, you may be experiencing

a problem and wish to know how someone else has

solved the same problem in the past. NPE has 3

features that allow quick entry into the filing

system:

- The basic method of filing is by BWR or PWR plant
system and/or component.

« The key word index groups all problcms +ith the
saze key words.

« 1f you know that a particular plant had a part{-
cular problem, refer to the cross-reference for
that plant,

Note: Some problems may still be filed in the
#Latest Month Operating Experiences™ section.

Abbreviations

To save space and reading time wve use & number of
abbrevistions, The "Light Blue Volume® contains
our abbreviation list, 1In constructing our list
we started with the American National Standards
Institute abbreviations (ANSI Y10.19 = 1969). Ve
had to modify some of them so that they agreed vith
what we thought was more cormon practice and of
course we had to add some to the list.

Page Nusberiog Systes A

The "Filing Instructions” in the "Light Blue Vohq—'
contain an explanation of our page numbering system,
Basically vhat we are attempting to do is to keep
the reader informed as to exactly what section he
is in. This is especially helpful if the page is
tesporarily stored in the "Latest Month Operating
Experiences” section,

Issue Date

The last month in which a particular page was issued
or revised is alwvays shown in the lower right hand \
corner of the page.

Code Letters in the Margins

We use the following code letters in the left hand
margins of the pages in volumes BWR-2 and PWR-2.

- New = = = = A problem that we learned
sbout for the first time during the past
month,

Q-01d--=-=A problem that we are
. including for the first time but only as
a result of our efforts to thoroughly
and/or cozpletely report om significant
-

problems.
&

- i '.'
"R = Revised - - - -~ We cay have uncovered
some additional irformation during the
R past month that concerns a previously
reported problem, or ve may be correcting
a mistake. -,
R ad

Feedback &

NPE encourages feedback from subscribers (recom-
mecdations, suggested iomprovezents, experiences
ve may have missed, etc.) and will willingly

act as an information processing point for the

industry.
\
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1: FIEE INSIDE VFSSE. I /(, J
1 ‘g Jos Eshr tn. . cubiei hose, 244 ft long, complel:

1 .
Quad-Cities 1 ~ Sept 70 (constr Tt -.&. T '91, ,Eu, fietis. - attrched. .
@ /6 in. (" rubber hose, 12 ft long, complete
Ourth "Chicasc” fitting on one eny «d a copper

A smoldering wood fire occurred on !A‘c(
¢°'ucun. on the other,

core plate. The fire started from the ‘g:t
v

from a 1300 ¥ quarts flood l‘.hl which Poaa e £ A 2 conductor welding cable, 2‘~ ft ‘m.

sbove the tesporary wood decking used on the-lower sttached to a TIC u:émg gun. These conductors
core plate. This flood light ignited either the were covered with asbeztos insulation which hed
insulation material ou a welding cable colled oo the been repaired with plastic tape.

wood decking or the plywood material of the decking.

The fire spread scross 2 polyethylene plastic covered The outfit was {ished out using "J" books. The
wooden frame wvhich was utilized during erectlion oper- riser was inspected and the jet pump was reinstalled
ations to control air currents around an optical a- into the reactor vessel.

ligument instrument,

test d t & days. ir,s0)
Materials consumed included about sixteen 1 u’ core Rﬂn BOR JRAIIID S0 SUSARAS e . et
plate covers, 40 ft of neoprene welding cable, 3 ft

of plastic ventilation air duct and 80 fri of poly- 3. CUIDE TUBES CAME LOOSE - CAUSED FUEL DAMAGE

ethylene.
Three unsuccessful attempts to extinguish the fire Tavepur | = Aug 71
were made from below the core plate with CO; and dry
chemicals. A fourth attempt from above, with demin-
eralized water was successful,

Both reactors at Tarapur are operating with only 284
fnstead of their ultimate capability af 368 fuel as-
semblies. Therefore 20 peripheral controi rod
The fire left a deposit of black soot on the interior guide tude positions havy less than the full comple-
surface of the vessel shroud in the ares above the ment of 4 fuel bundles. The fuel support positions
fire. Also, the bottom of the vessel contained a which are unoccupied by fuel are plugged with fuel
small amount of water and bits and pieces of debris. support plugs. The fuel supports are attached to
On the lower core structure, black soot and comius= the guide tubes by welds. No control rods or drives
tion products were deposited on the exposed metal sre installed in these 20 locations. To compensate
for the lack of the normal downward force afforded

surfaces.
by the fuel weight, the CRD thermal sleeves are re-
Th.e interior of the RPV was cleaned with demineral- strained by & hold down device. The thermal sleeve
ized water, acetone, demineralized water with 500 s engaged with the guide tube-bayonet and then
ppm crisodiuz phosphate, wire brushes and putty locked against rotation with a set screw which en-
knives. gages & slot in the CRD housing flange. A core sup~
‘ port pin which engages lugs on the guide tube, pre-
Analysis of the occurrence, the debris, and measure- vents guide tube rotation. X
ments indicated that the temperatures ¢id not sen-
sitize the lower core plate structure. The set screw which is installed after the thermal
- sleeve 13 positioned prevents the thermal sleeve
Because the dry chemical extinguisher contained from rotating. T'® set screw is turned into the
potassium chloride, they performed another cleaning thermal sleeve ring until the cup point bottoms in
operaticn of the vessel interior before performing the CRD housing slct. 1t is backed out § turn to
the systca hydro. prevent shearing during relative thermal movement
between the CRD housing and the thermal sleeve. The
Corrective measures included 1) fire retardant paint set screv is not locked. For CRD housings in which
an wood on the lower core plate, 2) discontinuing no CRD's are installed nothing prevents the screw
the use of quartz lazps, and 3) additional approved from backing out. -
fire extinguishers located in the area and in the -
vessel, (cl) During a refuellng outage, d‘gc vas discovered.
Two of the 20 guide tube assemblies had become dis-
connected., Zach of these asfemblies have 2 fuel
2. WELDING OUTFIT FOUND IN JET PUMP RISER bundles installed. Once disconnected these assem~

blies were lifted during reactor operation by the

h' draulic forces created by incoming reactor water

Jot pump flow comparisen chocks were being perforned ~ flow. They rose a distance of ~3 ft until restrained

as a final check prior to installation of the stean S SN S A T Shev . S
assembly located above the core. Calculations con-

separator, steam dryer, and reactor vessel head, 1 ¢ that
This test requires that both reactor recirculation !:;: .::'_::‘::‘c:::::::::"2’:“:: ::;;:::';"Lt:“‘
= . o

s be running at the same speed with the recircu~
'l’:?:on header ctouu. valves closed. The indicated ond fall as o function of core flow.
flow rates on 2 of the jet purps were adout 507 of
the other 18 jet pumps. One jJet puzp vas removed
and the obstruction was found to be a hellarc welding

Quad-Cities 2= Apr 72 (startup testing)

The motion of these 2 cocponents caused damage to
themselves and to adjacent structural components,
Holes vere worn through the fuel channels of 2 nel
gh-
outfit consisting of: boring fuel elerments an’ a s=all section of the clad-
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dim: #f 3 fuel rods was also worn tnreu;~. In addi-
tivn, the motion of the lifted control r:2 guide
tudes broke 2 in-core guide cube stabilizer rods.
All damage was confined to the immediate vicinity

of the 2 1ifted guide tubes.

Unlocking of the 2 assemblies appesrs to have been
caused by a failure of the set screws due to improper
installation and/or fatigue fallure. Lifting of the
2 guide tubes was caused by the eventual random rota-
tion of the thermal sleeves and the subsequent un~
locking ot the guide tube combined with a lack of
sufficient downward force to withstand the upward
hvdraulic forces on the guide tubes. The upward
force is due to the pressure drop occurring across
the core plate. It has been calculated that install-
ing 2 or more fuel bundles in each assenbly provides
s sufficlient Jownvard force to overcome any lifting
forces which are present during normal operations.

The design of plants in the U.S, differs significantly
from that at Tarapur., Therefore, no potential for a
r. comparable incident exists. : (er,bev)

4, WELDINC PURGE DAM LEFT IN LPCI - BLOCKS JET
PUMP

Lresden 3 - Mar 71 (after initial criticality)

During functional tests of the Recirculation System,

a low flow tndication was observed on a jet pump, :
Normal flow indications were recorded previously, \
Checks revealed no problems with the flow transmitter \
or indicstors. The reactor head and vessel internals
were then removed to galn access to the jet pumps,

Tre vessel water level was lowered to~ 2/3 core

height, Radlation levels were ~ 35 mr/hr. The cause
for reduced flow was found to be a welding purge dam
lodged in the transition casting of the jet purp at

a polint where the flow {s divided froz the riser inlet
Lo 2 nozzles for two jet pumps, The purge dam was
lodzed agatne: i7e casting and blocked ~ 3/4 of the
flow to the jet pump. Upon removal, the jpurge dam

wvas revealed to be a stendard plywood and rubber

daz, 16 in, in d1a, comonly used in consiructiun
hellarc welding operaticns, Due to the *ize and chare
scteristics of the dam, it must have originated from
the 16 in, LPCI discharge piping. The LPCI systex is
the only source of 16 in, pipe that discharges direct-
lv into the recirculation piping.

The dam consisted of a sandwich of four 3/8 in, thick
plywood semi-circular segments and 2 circular 1/8 im,
thick red rubber sheets held together by k = 20 x 1k in,
stove bolts., One half was bdroken i{n two, the other
half was badly fouled and th¢ 2 halves were held to-
gether by the normally used chain, Various portions

of the internals were inspected, vacuuzed, and flushed,

Missing from the dam and not recoyered were 30 tu.z
of rubber in small pleces, 16 in.” of wood splinters,
4 nut screw combinations, 1 washer and 1 nut, LPCI
and MPCI :estable check valves were disassezbled but
no foreign materials were found, All fuel assezblies
wvere recoved, gams scanned and Inspected. Additional
checks on various systems and components were made,

(fz)

; tional load on the mounting bracket.

S, e 1A s 1A SYRT IRARY TN
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Dresden 2 = Startup

The vibration test prograz showed that the Jet pump (
riser brace experienced high vibration whenever a
mismateh in pump speed between the recirculation
pumps occurred, This could occur whea ome recircu-
lation pump was operating at partial flow while the
other one is at full flow., It could also occur fole
lowing & pump trip when an attempt is made to atart
the {noperable pump. The hydraulic forces can cause
an increase in jet pump vibratiom, throwing an addi-
Under such »
condition half of the jet pumps would be operating
slightly above their normal rating, forcing backflow
through the remaining jet pumps, which have i{nsuffi-
clent driving flow, The increased vibratiom occurs
in the low flow pumps and occurs at the polat which
the flow {s at the point of reversing., An interlock
system was installed that:

-sutomatically prevents restart of an idle recircula-

- tion pump when the operating pump exceeds 63% of
design speed, an alarm sounds if such a restart is
attempted, -
~prevents recirculation pump operation (positive
interlocks on pump speed controls) in the vibra-
tion regions, e
~sounds alarms if changes occur and the undesired
reglons are approached,

The jet pump brackets were strengthened in all plants
subsequent to Dresden 2 (Millstone I, Fukushima I,
etc,) The same interlocks were installed at Quad
Cities 1 & 2, (bg, fr, ge)

( \
6., POWER ASYMMETRY - CORE INLET TEMPERATURE
DIFFERENCES

Dresden 2 - Spring 70 (plant startup)

Differences between TIP and LPRM readings indicated
that a power asymmetry problem existed, The asym-
metry ratic was as high as 1:1.16,

During & July 70 shutdown some low sensitivity
LPRM's were replaced. A gamma scan confirmed the
ssymmetry and indicated a ratio of ~ 1:1.07,

-
Various tests and analyses were conducted to rule out
the following as causes: =

.= fuel, control rod or control curtain effects.
.

= flow non-uniformity or flow variations between
bundles.

It was concluded that the cause vas non-und form tem-

perature of the core flow at the core inlef and that

this could be corrected by properly disorfbuting the

feedwater flow around the downcomer envilus,

The feedwater sparger on Dresden 3 was modified
(enlarging and plugging selected holes) and tests
run {n 1971 support the non-uniform temperature
theory, and the {ides that the situation can be cor-
rected by properly distributing the flowv around the
downcomer annulus, However, as of Feb 72, the re-
sults were not considered conclusive because of er-
rors and uncertainties in the incore instrumentation
data,
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Feedwater sparger modificatior v re alsn =ade at
Qued Cities | and 2 and other p.ant

They believe that the asymmetrics do not nresent a
safety problem, (fe, nx, ul, hk)

7.  NEUTROM SOURCE ENCAPSULATION FATLURE

Big Rock Pr. - Apr 72

Tvo suxilisry neutron sources hed oeen installed for
about | yr. They are antimony-P-ryllium sources with
an inner encapsulation of S5 and an outer encapsu~
lation of & zirconium slloy. A visual inspection of
the sources revesled thet the outrr encapsulation
hed failed in the srea of the lower end-cap weld on
both sources. The falled area had the appearance
charascteristic of typical hvdride attack,

The lover end cap was recoved from one of the sources
and the inner $S encapsulation vas visually examined.
No abnormalitles were detected. 1t was concluded
that the cause of the fellure was due to internal
contamination,

A nev outer encapsulation was provided using zircalloy
tubes with the upper end caps welded tn the tubing.
The 55 encapsulation was plared in this tubing and
a lover end cap Inserted., Mechanical forces were
used to crimp the tubing to the lover end cap.
Because of the sctivity of the sources, It was im~
possible to quickly perform the repair in a moisture
free environment, ¥ w holes were provided at the
top and the bottom of the sheathing to permit flow
of water and steam in the snnulus to eliminate the
effects of having molsture trapped inside the
pircalloy tubing st the lower end cap. Brzause of
this they planned to monitor for “atimone in their
water chemistry program, (12)

8. JET PUMP HOLD DOWN ASSEMBLY FAILURE

Quad-Clities 2 - Aug 72

A recire pump trip occurred while at a'u pover.
furlng recovery, end while at 60% power, various
instrumentation showed abnormal readings which led
to the conclusion that the No. 17 jet pump had
falled., ..

The jet pump assembly provides for rezoval of the
fnlet-mixer section i{f inservice inspection is \/
desired. The Inlet-mixer {s mechanically clamped’
to the riser with a remotely operable bean bolt
srrangement which transoits a 25,000 1b dowvnward
clarmping force. This is ~ Ix the upward force

and ensures ninimsl leakage at the spherical
sealing jJoint st the end of the riser. A lock
welded keeper picce over the bolt prevents
rotation of the bolt, there' maintaining the besm
load. A pair of lock welds are provided to pre-
vent rotation. The lower discharge end of the
miver i3 held literally hv ¢ restr.uirer bracket
which must be opened for ~i:ct remcval., 1t Is
locked in the closed position by a pair of bolts
and they also have lock welded keepers. The swing~
ing gate portion of this bracket is latched to a
fixed frame so that even {f the bolts vere loose
the svinging member would have to be raised

0.3 in. foi disengagenent. .

Following shutdown and head removal, the inspection
revealed that pump No. 17 had lifted 3 to & in,,

Voi. P s
1, Pes ta
p. 2

rotated atout «  And was esting betueen b,

and the vesse! wall berause *f v fallure of the
dov= assr=Sly.  The des= Lzt ocserbly and Inse it
washer were missing, the retairer and connectin.
172 in. bolt (capture the beam and bolt during
servicing) were detached, and one keeper on one of
the lover restrainer clazp bolts was =lssing.

A undervater search (with TV) located and recovercd
all migsing parts with the exception of the 2.2%

in. dia insert washer. They feel that the sest
likely resting place would be in the vessel on the
botton of the outer annulus. During the process of
ralsing the beax bolt retainer, it vas insdvertently
dropped into the opening in the support shelf left
by the removed jet pump No. 17 oixer and it settled
into the bottom of the reactor lower plenum, It
was sighted but they were not able to recover ic,
Later, during repair operations, portions of »
welding outfit were inadvertently dropped. All
parts were recovered except for & small 1 in. OD
neoprene bushing and half of its companion 1 3/8 in.
OD compression cap. Analyses indicated that mone of
the lost f{tems would pose a safety pn.bl-.

There was no cdanage to the riser portsiand seat,
the restrainer gate mount or the slip-joint seat
of the diffuser., Both of the besm bolt keeper
lock welds were broken, Undervater TV exams of
the other pumps revealed:

<3 of 38 bear heeper lock welds appeared to be
marginal.

«10 of 38 restrainer gate keeper lock welds
appeared to be marginal.

<1 of 19 restrainer gate wecies was improperly
positioned.

<1 lower restrainer clamp bolt was loose by
several turns but the keeper vas soundly welded
in place.

A netallurgical exam was perfor~ed and a special

300 ft-1b counter-clockwise torque test was applied
to all bean bolts. The kecper lock velds on 2 purps
sheared during this rtest indicating inadequate beam
preload,

As a result of exams, analvses and tests, they
concluded that the fallure occurred because the
hold down beac bolt keeper was inadequately field
wvelded ard/or field preload was not applied to
the hold down beam. Fither of théSe could have
led to loosening and the di-aspenbly of the pump,

The loss of the retainer ard“1/2 in. bolt {rom the
top of the mixer was probably uarelated. The bolt
is lockwelded to the retainer; hovever, there vas
very little weld material. Norcal vidration
probably rotated the bolt out and allowed the bolt
aud vetainer to fall free. Covgective aztions (on
all pumps) included:

~correcting all observed installation deficicncies,
~refurbishing purp No. 17,
~breaking all bear bolt kecper welds and ve-
applying required team and teaz bolt preloads,
«reweld all heam bolt keepers,
~recheck that the velde were applied to oect
torque testing and that the hean bolts do rot
move wvhen torqued in both directions (this also
checked pretensioning), and
~reconfirr that all beam bolt keeper wvelds were
sound after the torgquu test,

N The duration of the shutdoun wvas 54 days. (mv,qv.\ 1)
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§. [TEEL BRACE DROPPED ON & DAMAGES TOM FULL
GUIDE

Peach Bottom 3 - May 72 (constructien)

During erectiom of the structural steel in the
reactor building, a diagonal brace (B x 6 x
9/16 in. angle, 13 ft 10-3/4 in, long, weighing
~ 360 1b) slipped from its choker and dropped from
an estimated beight of 30 ft, The steel erectionm
subcontractor was evidently following accepted
rigging procedures. The asngle brace pierced the
shipping container of the top fuel guide. The
exact extent of damage could not be determined at
the time because the reactor bullding crane was
not yet operaticnal. In July they were able to
uncrate the guide and make dimensional checks,
Bea=s which make up the cells of the guide were
bent and pushed out of position. The unit was
shipped off site to a location where the special
optics requized for a thorough examination were
available. Steps were taken to protect equipment
stzred in the reactor building at Elev. 234 with
[N plsnking and tarpaulins. One beam was replaced.
(nx,agi)

106. JET PUMP CRACKS - CAREURIZATION
i Dresdes 2 & * - early 1969 (construction)

An investigation of castings used in the original

. jet pump assesblies revealed cracks in the tran-
sition piece, 180° elbow, nozzle, coupling and
blange. The cracks were caused by surface ’
carturization. The casting supplier had been
exzloying the shell-mold process and used car-
bonaceous materials in the binder and wash.

The foundry process was modified and replacement
castings were purchased and installed. (ce) -

11. FW _SPARGCER CRACKS

Millsteme } - Oct 72 ,
The reactor interfials were inspected as part of the
investigations that were performed after the chloride
intrusion incident (see VI, C. }). Visual exam-
inations revealed fallures of the FW spargers. An
extensive netallographic and analytica! investigation
vas performed to determine the cause of the failures.
It wvas concluded that the failures occurred prior
to the chleride excursion as the result of high-cycle
fatizue following a condition of inadequate cold
spring. New spargers of oodified design vere i(nstalled
with a carefully controlled procedure to ensure
that proper cold spring was applied to all spargers.

There are & spargers located in the upper portion

of the vessel. Thelr primary purpose is to distri-
bute the reactor FW, although the reactor cleanup
loop also discharges back through the B FW line (SE
and S\ spargers). A series of 1 1/2 in. holes,
spaced at equal intervals along each sparger branch,
discharge the vater radially into the flow passing
fro= the stea= separators down into the jet juaps.

Although access to reactor internals does not require
it, the spargers sre designed to be removable. The
ther=a!l sleeve, welded to the sparger at assenbly,
is a slip-fit in the vessel nozzle. Brackets on the

ond ¢f 2%e op-r, « which engaps vesse'

mounting bracre! . terarr’. Slotes in the spar
Dracke: ailow fn+ ral t s rotion Letween the ver:
and sparger dus t thers ol expansion,

Wedges bearing arainst the vessel wall are used to
preload the sparzers and prevent vibration. The
amcunt of spring, or prelosd, is enough to resist

the force of the W flov and any calculated transient:
without allowing lifting from the installed position.
The calculated flowv load for 105% rated flow (360°F)
is 1316 pourds and would produce a 0,194 in. dis-
'lnml. The reactor assembly drawing specifies

a 5/1641/16 preload. The max sparger stress, "
at the Jjunction of the header and Tee box, ia
calculated for 105% rated power at 10,970 psi and
13,580 psi for 5/16 and 3/8 in, displacement. The
original spargers were bullt by Stearns-Rogers to GE
dravings and specs.

The & l'l'f‘i‘l'l were re~oved from the reactor vessel
and wvere examined on the reactor refueling floor.

The coderate radiation field from the spargers
prevented any extended close visual observation. All
& spargers showed extensive cracking at the
connections between tee box-to-headers and tee bex- -
to-thermal sleeve. The E header of the NE and the

N header of the I sparger were hanging on by small.
ligaments at the bottom of the hesders with open
through-wall cracks extending around the remainder

of the joint. Open cracking was visible on 3 spargers
at some of the tee box joints, PT revealed additional
cracking in all & spargers. The cracks tended to

be singular at simple joint configurations such as
the machined undercut on the tee box near the therzal
sleeve Joint, and zultiple at complex joint con-
figurations such as the rear corners of the tee box. (
The SE sparger showed the least amount of header-
Joint cracking. All cracks were on the external
surfaces of the spargers except for the 2 open cracks
in the NE and NV sparger.

There was no evidence of general cracking at any
other point on the spargers. A few isolated cracks
were detected in fillet welds on the lifting lugs
and brackets, and one small crack was located near
the ciddle of the South header of the SE sparger.
Other isol.ced cracks were located at work-hardened
areas such as sheared plate edges, drilled hole
surfaces and a ding mark on the East hzader of the

SE sparger,

-t
The end brackets of all spargers except the SE
showed senicircular wear patterms, on thesvessel
z1de edzes of the slots, caused by the nffrided S§
pin bearing on the annealed 55 bar. In“some cases
octagonal wear patterns from the vessel bracket
vere observed. The pin keepers and the pin handles
also showed wear patterns caused by high frequency
vibration of the pins. One SW pin keeper wvas
entirely broken off, \f

Metallographic snalysis coupled with the ewffence

of wear and long-term vibration of the sparger
corponents indicated that the major failure mechanism
was fatigue and that the failures were transgranular
in nature.

The most probatle cause was i=proper Installation.

This resulted ir inadequate prelcad, and subsequent ¢
fallure by mechanical fatigue. The extensive damage \
and oxides indicated a considerable period of

operation after the failure, which confirmed that

the cracking was not a result of the chloride

incident.
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Broekets and =ating » ;or bracket showed that thew
members provided tne resrraint,

Lack of asse=bly prelouad, together with the thermal-
sleeve gap produced by the assembly procedure, was
sufflclent to explain the scvere vibratlon which was
evident from wear patterns on ) of the & spargers.

Basically, » sparger wvas set in place with 1/2 in,
spacers at the point where preload was applie’. The
brackets were sdjusted to allow the pins to engage
the resctor sparger support brackets and then welded.
The sparger vas removed and wedges, whose thickness
provide for proper preload, were welded to the
sparger, MHydraulic jJacks wvere used, at final install-
ation, to apring the sparger enough to insert the
pins. Procedures called for recording of the gap,
between the sparger and the vessel wall, during
fit-up and at final Installation, to allow preload
to be checked.

A reviev of the iInstallation data indicated thai,
{f the gaps vere recorded properly, the preloads
did not meet the design intent. The SW sparger,
Nozzel 4B, indicated a “negative” cold spring;
{.e., the final gap 9/32 in. iess ther the inital
gap. Recorded cold spring values on the other
spargers varied from 1/32 to 9/16 in.

The cost likely cause for improper preload was
believed to be the weld distortion, When welding
the cold spring wedges on the pipe, experience

had shown that weld distortion tends to increase
the chordal length of the sparger. This can
reduce the cold spring if not corrected. The
problem was first discovered it he Vermont Yankec
plant when, prior to operation of the plant, the
spargers were removed for rodifications to improve
Fu distribution. It was discovered that the pins
were eaclly removable, despite the supposed pre-
load. 1i was necessary to add draw beads to restore
the desi;n preload. Newer plants with the wedge
design usc a template, or its equivalent, to
insure that the sparger can be returned to its
orfpinal «Nope after the wedges are velded in
place. There vere no draw beads on the' Millstone
spatger, sv it wvas 4ssuced that this effect was
over-looked,

To expedite the sparger replacement program, the
sparger design being built in CI shops for 218 in,
vessels vas modified to fit the 224 in. Millstone
vessel. This allowed the incorporation of several
design improvezents made since the original Millstone
design. Considerable improverent had been made in
the distribution of FW to the various Jet pumps.
The latest criteria called for the flow to be

equal 42.5% to each segment assoclated with Jet
pump. A series of tests had bdee.. sun on flow
distribution, and a computer progiam developed to
obtain the correct hole patterns to achieve uniform
flow.

sparger distortion during site installation, which
occurred during the welding of the preioad wedges.
required considerable rework in the field., This
may have been the cause of inadequate preload in
the original Millstone installation. The new
design provides a shop-weldid saddle, which mounts

38, Re st

.

pe
- v allows considerahle adiv
L « 1 3t the preload point, includin,
et ‘or anv weld distortion,

Tre Mew ve -18m is made using 6 In, “chedule L1
pipe (rais+r than Schedule 40) for the sparger
legps. This allows a higher preload to be lapased
with & given max stress. The tee hox (divider,
was reduccd from 1 in, to 0.9 In. wall thickness,
which provides some flexibility and reduction of
stress in the attachment weld of the sparger lux.

A special computer progrum ls used to calculate
sparger stresses. Those are at 12 points, mainly
in the pin «nd bracket arca, and In the tec box
and attachment zone. The new installation plans
call for a 0.5040.030 preload which will result

in » prcload of 530 Ibs. Under normal operating
conditions, the max stress produced by this pre-
load is 17,450 psi at the sparger leg sttachment to
the tee box.

Additions! specs control at least 3 problem areas
in which the original sparger was weak: (1) the
material is purchased In the solution agnecaled
conditiun, with a max hardness of Rockwell B9%;

(2) the parts are .ot heated for forming; and must
be solution-heat treated if processed im a manner
inducing cold work; and (3) welding is done by the
gas tungsten or gas metal-arc process with controls
on heat irput and ferrite content of the weld

metal. This process avoids potential fluoride
conta~ination from weld-flux fumes. In addition,
the cuiting fluids as well as other materfals used
in processing, and the cleaning process are control~
ied to prevent contamination by &hlorides, fluorides,
and ciher potentially harmful materials.

The nev spargers were installed using a modification
of the initia! proccdure and recording detalled
measurcments for subsequent cngineering cvaluation.
The spargers were shipped to the plant site with

the therral sleeve welded in place but not cut

to proper length. The thermal sleeve was Insert-
ed in place on the FW nozzle and measured in

order to cul to proper length.

The in-vessel sparger support brackets were machin-
ed to provide a flat upper surface removing the
portion of material that was partially worn avay
by vibration of the original spargers.

-

The sparger wis «gain lowcred imto place and the
thermal sleeve inserted in the sozzle. A measuring
pin was utilized to determine the proper position-
ing of the end brackets on the.sparger. This
positioning applied a measured amount of preload

to the sparger. The sparger was again removed
from the vessel and the end bto?:fs velded in

place., 3

The sparger vas rcinstalled and thWfen’s forced
into position with a spreader bar. so the pins
could be ins.alled. The gap between the sparger
and the vessel was reasured and increased by
turning the jack bolts to provide the required
final value of «0ld spriry The jJack =olts
were then tack welded in place.

Measurements were obtained as specified during the
installation, (pz,ga.th)
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L (RACKS IN CORF SUPPORT CF !l

Iwesden 1 « 1961 & 62

uring 1961 inspections, 8 minor cracss or irregu~
larities were found at the welds of tne core support
grid. Although these cracks did not affect the
structural integrity of the reacior internals they
ronitored them to ensure that propagation had not
occurred. During the refueling outage that started
in Nov 62 a borescope was wsed to monitor 99 of the
velds previously inspected, including the previously
noted cracks, and 44 additional welds. They had teo
rove 29 fuel assemblies to perform these inapections,
The condition of the cracks had not changed. One
“are small crack was found in the additional area
inspected, (rn)

13, FW_SPARGER CRACKS ~ MWICH CYCLE FATIGUE

Millstone | = Apr 73}

. plensed shutdown and inspection (as part of the
salt water intrusion recovery surveiliance program,
see V1.C.)) revealed new cracking in 7 of the &
new FW spargers {see 11.11). Subsequent exams
disclosed that the 3rd and 4th spargers had PT
crack indications. This 2nd set of spargers, No.2
‘esign, replaced the originally installed whick
wat found to be severely cracked. Based on the
anilvsis which followed the chloride intrusion

in:ident, it was concluded that the cracks in the ’

spargers had occurred prior to the chloride transient
a result of high cycle fatigue following a

cordition of inadequate cold preload. The failure

«f the 2nd set of spargers, in the adscrce of

¢hloride, substantiated the conclusion regarding the ™

initial fallure. MHowever, it raised gquestions

concerning the completeness of the definition of

sparger operating conditions used as a basis for

the Millstone design.

Teledyne, Southw.st kesearch and CE were all In-
volved In the investigative prograa.

Undervater TV revealed that both the N and NE
spargers were cracked in the junction box and

front plate. Subsequent close~vp exanination

(in vessel) revesled loose Jack bolt/vessel contact,
loose end bracket pins, and changes in sparger
proximity to the vessel wall on all but the SE
sparger., Tests indicated that only the SE sparger
had maintained the cold as-installed preioad

(~6000 1b), The SE sparger is the entry point for
clean up system return flow, While the SV, N, and
NE spacrgers showed a resistance to movement, none
exhibited any significant preload.

Purther inspection revealed:

~Some wear (~1/16 in.) in sparger pin slots and

on the pins,

«Vear on top of RPV brackets wvhich support sparger
end brackets.

«Better definition ol cracking on NW and NE »ot“n.
~A small (~1 in. length) Interrupted linear PT »
indication on the top side of the SW sparger.

~A small ("1 7/K in, length) interrupted linear

PT indication on the bottom side of the SE rp‘.tm.
«Thermal sleeve/nozzle support pad wear.

~Broken tack welds on the 2 lower jJack bolts on

the NW sparger.

Although analysis of the fallure was incomplete,

it was postulated that the fallure vas caused by

s loss of preload due to the effect of superpositiom
of thermal strain in excess of elastic limit due

to a radial temperature gradient, upon a prestressed
section of pipe under fixed bending deflection.
Therefore, subsequent mechanical vibrations induced
by hydraullc inputs after loss of preload, caused
fallure by fatigue resulting in the observed cracks
in the sparger tee-boxes and wear on end pins,
brackets, and thermal sleeves. MHowever, it was
noted that one of the spargers had maintained its
preload, but had a minor PT crack indication,

A cold flow test was performed with the fully loaded
reactor in the cold shutdown condition with the
reactor pressure vessel head removed., The FW system
was operated over the full operating range of flows.
Two tests were performed: the lst with the shrowd
head removed and without clcanup system flow; Ethe
Ind with shroud head installed and vith cleanup
system flow., All & FW spargers were instrOmented with
varying combinations of acceleroreters, strain
geges, and dynamic pressure transducers. -Also
included was one dynamic pressure transducer located
in each of the & VW lines outside the vessel.

The SE, SV, and NE spargers vere reroved, {dxtrument-
ed, and rainstalled with no change in preload, The
fziled NW sparger (sent to Vallecitos for mef@l-
lurgical exams) was replaced with a new Instrumented
sparger of the same design and installed with a
preload of 1700 1b. The as-tested set of spargers
then represented the range of observed fallures,

in terms of degree of preload and cracking.

The SW sparger wvas observed to vibrate the most,
being the only sparger to exhibit responses at

discrete f{requencies. Vibrations were observed
i!\ the vertical plane at 20 and 40 Hz (n a mode
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where accelerodoter; .+ * tovehns anéd spary'r arn
were An phasc. Vibratiun love the radial
‘direction were comparalic to levess in the vertical
direction,

The pressure spectrum for the SW sparger arm and
tee-box contained numerous sharp peaks which
included structural resonances deternined by shaker
test. In contrast, t' ¢ SE pressure spectrum
c~atained broad-band low-level response with smaller
peaks at frequencies generally above structural
resonance: determined by shaker test. Pressure
specira for the face plate vas similar to the tee-
box for the SE, NE, and NW spargers. The NE and
MW indicsted very little discrete frequency content
elthough there were small blips at blade-passing
frequency which were also observed on the SE and

SW FW line transducers.

Preliminary analysis revealed no significant
differences between signal levels in the tests

with and without the shroud head/separators in-
stalled. While neither of the failures experienced
posed any threat to public safety nor any detectable
anomalies in plant performance, cracked spargers

was an undssirable and Abnormal operating condition,
To gain zn ucderstanding of the problem an extensive
additional program of analysis and testing was
initisted to define the failure mechanixm. A Jrd
set of spargers, No.) design, was fabricated to a
new design which was based on information available
at the time, in order to return the plant to service
while analysis efforts continued. The new spargers
were instrumented with dp transducers, strain gages
and RTD's and a hot flow testing progran was planned.

The new spargers were of a fundamentally different
support design and this was expected to reduce the
possibility of fatigue failure. This was achieved
by effecting a substantial reduction in operating
and initial installation mean stresses by adding a
primary load carrying member which provided essen-
tially rigid attachment of the sparger to the
vessel. This cssentially removed the sparger as

a primary load carrying member and eliminated the
dependence of structural response on preloading.
As a result, beth the initially installed and
operating mea: strcsses were markedly reduced
(initially installed from near yield down to

~10% yield; operating stresses no longer include
preload and as a result are ~257% of vield) based
on then current definition of applied loads.

Applied load restraint for each sparger was provided
by a bracket welded to both t!: RPV wall and the
sparger header adjacent to the FU nozzle. This
attachment provided stability to both horizontal
and vertical planes. Midway between the hracket
and the ends of the sparger headers, horizontal
and vertical (one side only, i.e., horizontally
outward and vertically upward) amplitude limiting
dampers were attached to the RPV wall. Clearance
between the sparger and dampers was set to a low
value at assembly.

The welded sttachment to the RI'V eliminated the
jack-bolts used for contact with the RPV in the
previous design. Otherwise, with the cxception of
instrumentation attachment, the revised design was
unchanged.

The revised design previdoed:
«501id, low-stress attachment in both weriy
and horizontal planes independent af tr. les-
fbility of the sparger structure.
«Elimination of preload requirements.
~Increasec natural irequency of the sparpcr
structure.
~Reduccd possible high stresses resulting (ron
high amplitude vibrations (vescal axial and
radial directions).
-Removal of the sparger as a primary load carrying
member (except for normal operating loads carried
by a greatly reduced moment arm fixed at the
vessel), :

As mentioned above the change involved the welding
of brackets to the cladding of the reactor viss:!
{nterior. The braciet weldment was done after 2
layers of weld-cled were provided to bufld up the
clad thickness to preclude the bracket weld-ent heats
affected-zone encroachsent into base metal.
Millstone estimated that it would require 75 to
100 man-ren (i.e., 30 to &0 welders each recciving
up to 2.5 rem) for the welders to complete thc job.
7
Testing and analysis of the No.) design depended
in part upon results of analysis and testing cf the
No.2 design directed at defining details of steady~
state hydraulic input which resulted in the obiscrved
failures. Further, definitions of stead:-stat:
and transicnt thermal-hydraulic inputs tu the
Millstone spargers were required to complete the
snalysis. Hot flow testing data was to be rccorded
at prescr.bed intervals during normal reactor
startup and during power increase to rated loau.
Provision was made for continucus recordinc of up
to 13 scnsor readings sirultaneously Tor liritdd
time pcriods. Major objectives of the tests to !«
conducted during reactor startup and initial period
of operation were:

~To measure the ampl.tude of possible sparger
vibration under service conditions.

«To identify possible differences in the amplitude
and frequency of pressure oscillations as comp.red
to cold test data, and identifgdriving functicons
for sparger rcsponses in the FW system and in ‘de
the spargers. -

. : ‘?

-To diagnose possible thermal cffects which may
affcct sparger performance. These mcasurvmwnts
included through-wall temperature gradients
imposed on the sparger during startup and during
normal operations, and the aoplitudc of possible
water tcmperature variations in the vicinity of
the sparger, due to uneven b mixing.

-

-To provide a comparison of thermal cifccts in the
N sparger and the SE sparger that arc influinccd
by clcanup system flow “n the SL sparger.

(xp)
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Ref. 1y offered sddicional infurmation on als
problesm:

-1t could be concluded from resuits of the coléd
tests (mentioned sbove) that Loth of the loose
spargers (NE and SW) were prone to fl’ @ induced
vibration of the type which involved interaction
of the vibrations with the flow. There were
strong indications the vibration was self-excited,
rather than forced by pressure fluctuaticns in
the feed lines.

“The 3 festures (mounting bracket, midpoint bucpers
and end shims) of design No.3} were expected to
wotk individually or in combination to teduce the
probability of sparger fallure.
~They installed dp sensors between all & vertical
risers that feed the spargers, specifically for
operating survelllance purposes. Significant
dp readings would be cause to shut down.
«Metallurgical exams of the SVW and SE spargers
revesled their failure mode was high cycle
fatigue. s (zy)

Ref. acn described the methods .used te install the
new spargers. Radlation measurements showed the
vessel walls in the sparger area would contribute
most of the dose rate during subsequent repairs.
The vessel walls were hydrolasered resulting inl
rem/hr contact with the vessel wall and 400-500
mres/hr in the generul area, At this time, the
decision was made to proceed with the sparger repair
vork with the fully loaded core in place. An
sluminum work platform was installed in the vessel
to cleanup the sparger area, FT and remove the
spargers. A wooden platform was constructed above
the aluminum platfcim to prevent any subsequent
tools or equipment used from falling into the

core. The wooden platform was made of 14 sections
of 3/4 in. plywood, “pir shaped”, and held in place
by a 6 in. steel ring attached to the aluminum
platform. The vessel clad in the sparger area

was then UT tested and cleaned with the hydrolaser.
To provide for reducing the radiation level for the
vessel repeir work, extensive use was made of lead
<heet and blankets hung on the ID of the vessel wvall
from the reacioc vessel studs. Lead blankets were
also installed on top of the wooden platfern at the
resct”  veassel TD. Exposure was 266 R to 285 men.

The areas where clad weld build up would occur
vere layed out. The areas wvere PT tested for
cracks and then ground from special clean rooms
attached to the vessel wall. Welding on the
vessel clad began shortly afterward. As each pad
veld buildup progressed, the new weld was ground,
penetrant, and ultrasonically tested.

The thermal sleeve portion of each sparger wvas theén
trued up. The & feedwater spargers wvere then
placed into the nozzles for fit up of the brackets
to be installed from the clad pad to the sparger.
These brackets were then welded to the new pads.
Final fit up of the spargers took place with
shin measurements being made in the vessel., The
spargers were then removed fron the vessel and the
end brackets welded in place. The spargers were
{nstrumented in order to follow their operation
during reactor operation. Then all & new spargers
were installed in the vessel. (acn)

Startup occurred in mid-July after a 3 mo shutdowm,
The hot flow test results showed that the anplitude
of sparger vibration was high at 1007 power (this

Wit the privsiv eaasy 0
; Al @ Lo% powtie VRS
e lte v 3o withan = &p limits for enti
Feaitsr cputation. The L results alss bdootad
therr.i cvclirz effects which may have beo w
secondars OF cuatributing cause of some previes
sparger failures. These effects were associae
with the mixing of coolant flows at dissimils
temperatures. Analyses showed that the No.
design spargers would withstand this thermal cvi.-
ing, in combination with vibration levels at -
851 power, for > lyr without risk of fallure. Due
to the very shallow nature of cyclic temperature
variations in the metal (only o few mills) vhich
contributed most to the fatigue usage factor in
evaluation, it was concluded the" even if crack
{nitiation were to beginm, it would not propagate
to & gross sparger failure without high vibratory
stresses. .

Jibration data from the sparger fnstrumentation was
cbtained for a period of several weeks following
the completion of the planned test program. This
data confirmed that the low-level vibration at 8C%
power was not increasing with time.

Dats obtained from dynamic pressure sensors provided
evidsnce that the dominant mode of sparger vibration
was not a result of pressure fluctustions in the IV
system. This evidence vas consistent with thas
obtained from cold {low vibration tests of the No. 2
design, which were conducted during the reactpr
outage prior to installation of the No. 3 design
spargers. It was concluded from these tests that
sparger vibration was flow induced and self-excited,
rather than forced by line presaure osciilations.
vibration characteristics of the No. 3 design were
in some respects similar to those obgerved in cold
flow testing, and it was believed that similar
mechanisms were operative.

Efforts to better define the nature of the flow-
induced vibration mechanisms were continuing, and
more work was necessary to develop and confirm a
solution to the problem. Power was being held at
80% and this would probably continue until the
next p'anned refueling outage (Sept 74). A plan
was developed for off-site engineering activities
aired at providing a final resolution. The plan
tentatively included:

-The creation of a full scale test facility to be
conpleted in Jan 74.

-The performance of tests {n the facility on design
No. 3 in Feb, on a prototype of a design No. 4 in
March ané April, and on a final desigm¥o. & in
May. -

-The design of thermsl stress fix aspects for
design No. &. 2

-The development of applicable design No. ) removal
procedures.

-The design and fabrication of an instrumentation
package for design No. &,

-The design of mechanical and stressg fix aspects of
the design No. &4 prototype, fabricaklon and produc~
tion of final design No. & replacemagt spargers to
be completed in Aug 74. &

‘t (acm,aff,afx, ans)

NSu item 11. 16 for additional information.
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Cracks were discovered in the steam dryer assembly.
The assecbly i3 gounted in the reactor vessel above
the steas separator assembly. It forms the top and
sides of the wet stessn plenum and provides & sesl
between the wet steam plenum and the ¢ry stean
flowing out the top and dowm the stean nozzles.
Moisture is removed bY impinging on the dryer
vapes, [lowing down through collecting troughs and
drain tubes tO the reactor water {n the downcomer
srmulus pelow the steam separators.

The initial discovery resulted from & visual exam~
ination which revealed that & scp.r-tton-h.d occurred
{n the top \cn;ltudlnol weld joining the No. 3
diffuser tO {ts vertical support plate. This crack
extended along the weld centerline for ~ 24 in. then
curved downward sbout 3 in. in the vertical support
plate. CE was requested to investigate the problem
and coordinate repalr procedure.

The steam dryer was removed from the reactor pressure
vessel and po:itioned undervater in the st e
saea. Support structures were erected. CE's
examination of the dryer structure employing under~
witer TV scanning revealed 8 total of 8 cracks
verying io length fro= 1 in. to 2 ft in 3 steam
diffuser weldments. Extent of the observed
fractures were limited to the top lon;ttudinnl

weld seams except for the 3 in. extension of the
one 24 iv. he vertical support plate.
The weldzent © sted of 1/2 in. toP plate
joined to 1/4 in. vertical plate by full strength
corner welds. ..

from & review of the video tape, p-rticulntly high
resolution views certain observations of weld
conditions and crack topography could be made.
soth the central divider plate and relatively thin
diffuser support plates at weld seams had sustained
buckling apparencly from constraint preload

top plate and outer shell

ing developed in

thiose weld seam
was © -formed. Although,
locate {nitiation points, the cracking tended to
foilow eithet the weld centerline OF ¢usion line im
the vicinity of duckled plate sreas. In the case
of complete separatien of the weld joint, the crack
exhibited prittle frscture features of extreme
linear nature and was not accompanied by 'ny dis-
cernable seconcary cracks ©oF pitting typical of
corcosion attack.

There was no evidence from all recorded cata which
would implicate yvater quality as @ causive factor

of the failures. CE pcstulatcd that poe’ wor kman=
ship during stean dryer fabrication and 02 reaction
stresses fro@ eifects of constr:int prelosd and
oper-lionnl vibration probably caused weldment fuil-
ure by fatigue.

The repairs were to include excavation and reveld-
{ng of ruptured areas and contour-blending for
conformance 0 the structural design specs: In
addition, sized canning plates (angle lype) were toO
be installed at equal {ntervals along affected
veldments of all 8 diffusers to reinforce the struct-
ure and reduce the possibility of fatigue fallure

gr-er service “iitions. PT acceptance fnspection
was to be exercased throughout the repalr optrations.

Pla=t management considered that the dryer imnosed
no significant safety risks, however, the dryer
assecbly was to be reinspected during the next
scheduled refueling cutage to verify the adequacy
of the modifications.

{xb,sg¥)

uring the Spring 74 refueling outage they found
sdéitional cracks in stead dryer chambers.

vere caused by arc strikes and {osufficient we
The affected areas were replaced. ayh)

15. ATE STEAM SEPARATORS & DRYERS

INADEQU

Wirgassen - 1971-72

The cyclone separators ere arranged in an annulac
coufiguration 30 they can be left in place durinr
refueling operations. The chevron dryers are
poved for refueling. Commissioning tasts ”

to confirm the results of the develope”

At 657 power the steam moisture cor’

ligits. They attributed this ¢t~

separation in the cyclone's

s problem vith the design ol

dryer inlet area which result

dryers, and 3) inadequate dime

discharge ares. (a

The moisture content of the 1ive .

rapidly with increasing power. Efa

reduce the molsture content by modin

the steam dryer assembly and the stea

falled. Power was then limited to ™ L)

Bew cryer assemblies and steam separ

ordezed. They were installed io 1974 wh.

plant was shutdown because of turbine pro:
(nvl.brv.bus)

16. F¥ SPARGER CRACKS
M{llstone 1 = 1972, 73

snd 13 for initial {nformation. H
gers to determine wh B
cracks appeare ers at Millstone. T
{nyestigation {ncluded {psnections of spargers @
operating plants, {nstrumentation of the Atllsto E
spatgers and cold flow testing at & test facilit
Inspection of spnrgctd'in 10 operating plants wa
completed. The only plant with confirmed defect K
was at Millstone. Tests perfc’mzd at the test
facility showed there was @& relationship betwee!
ther=al sleeve/nozzle leakage and sparger vibra
For the cold flow sparger tests, the vessel noz
1D at the thermal sleewe fit was {ncressed in iR
erecents for the per formance of leaksge tests l,.;
corresponding full flowfests. These tests yieQ
the following: 1) For a glven sparger flow, tt
leakage was directly proportionnl to the averaiy
radlal gap between the nozzle and thermal slee
and 2) For a flow of 4500 gP™» the sparger was
susceptible toO self-excitation oF leskage flov NN
{nduced {nstabilisy if the average radial gap N
> 011 in. These results were Htained by tesp

Nov 76
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tee Iat,

v;th no p}olood on the sparzer and the retaining

pins at the ends of the sp.ri:” arm« were essentially
loose except for the reactin; force against the
hvérauli~ flow. The only variable introduced was

the change in the average racial gap between the
nozzle and thermal sleeve (i.e. leakage area varied).

Based on this, GC recormended the following: 1)
Operating Plants - Perform inservice inspections
during refueling outages to determine the conditions
of spargers; 2) Near Operating Plants - By expanding
the sparger thermal sleeve, the radlal gap between
the nozzle and thermal sl eve could be reduced to

a point where instability ~uld not occur. The
sparger should be removed -~ *xpanded, as necessary,
to give the proper radial gap ¢o eliminate flow
induced vibrations; and }) Future Plants - For those
plants where vessel and thermal sleeve fabrication
and installation schedules allow, the thermal

sleeve was to be welded to the nozzle safe end, the
thermal sleeve design was sizilar to the advanced
welded design for use on BWR/&, ro change was
required. (akb) .

17. EYTESSIVE FW SPARCER CLEARANCE

Cooper - Jan 74 (prior to initial fuel
loading)

As part of the GE evaluation of cracking in FW
spargers at M{llstone (see II.13), it was discovered
that there was excessive clesrance (about 11 mils)
between the thermal sleeve (vhich (s a siogle pipe
sttached to the FW sparger) and the reactor vessel
nozzle into which the sparger thezal sleeve fits,
When the radial clearance exceeds about 6 mils a
vibration occurs that contributes to cracking of
the sparger and nozzle wall. GE developed & fix
which consisted of 1) resoving the spargers from
the nozzles (done from inside the vessel), 2)
measuring the diametral gap betueen thermal sleeve
and nozzle, 3) expanding the thermal sleeve to make
a tighter fit, and 4) re-insertion of the thermal

slesve Into the nozzle. The sparger and inter:-
of the nozzle could be pected for cracking cr.’
the procedure., GCL was .ng to recommend this L:
done on all plants of this design, including oper:-
ting plants. |
GE recommended this procedure be accomplished prior
to startup of Cooper. They agreed and deferred
preparation for fuel loading. The & spargers were
removed and found to have dismetral gaps of 6 to
13 mils. The pipes wers expanded to a negative
clearance of 1 te 4 mils to assure tight fit and
reinstalled. The operation took <« 1 wk.

(ajm)

18. FAIL/'RE OF BLADE CUIDE YOKE
Arnold - Feb 74 (prior to imitial fuel loading)

During operator training, actionm was undertaken to
1ift 2 blade guides from a storage location in the
dry fuel pool. When the 2 blade guides, comnected
by a yoke at the top, had been lifted sbout 3 in.,
the yoke handle broke. The blade guides fell back
into the storage location and a piece of the handle
fell to the floor .. *he fuel pool. All piecéds
were retrieved. - yoke is cast aluwinum, .

7
PT of the handles of the blade guides connected by
the falled yoke indicated a crack in one cornmer of
one handle.

_All remaining blade guides were removed for individual

tests and exams. All blade guide handles and yoke
handles were loaded to 1.5 times static load and
then PT examined for indications of cracks. Oune
blade guide handle and one yoke handle were rejected
dve to indications of porosity. Only guides and
yokes with tested and accepted handles were returned
to the vessel. (eno)

19, JET PUMP FAILURES

Quad-Cities 1 - Apr 74

A scheduled jet pump inspection was performed dur-

| ing refueling operations. This was carried out with
| the aid of undervater TV and a video tape unit. The

inspection included:

-Inspection of the tack welds on the beam.bolt
keepers and a check of beam pocket fits.
~Observation of the bean bolt assembly while
applying 200 ft-1b of torque to the: beam dolt in
both directions.

~Inspection of the restrainer gate and wedge positions

and restrasiner bolt tack welds.

The following discrepancies were noteds
~While applying up to 200 ft-1b to the+beam bolts,
movement was detected on 3 bolt nssem&i‘cs. (10,
13, and 16)., They failed the test.
=3 restrainer gate bolts and keepers were found to
be completely sheared and missing, 2 of these were
from pump 5; one was from pump 6.
=30 of 37 remaining restrainer bolt keeper welds
wvere either missing or cracked.
~The restrainer gate wedge on jet pump 5 was missing.
~The restrainer gate on pump 18 showed signs of
. wvear in the vicinity of the wedge indicsting
possible vertical movezent of the wedge prior to
the inspection,
B Feb 77



-A'.ubscquent inspecttar (7 the inlet rviser braces
for pumps 5 and & show: ' the brace vessel welds
to be intact.

The following parts wvere missing: 3 restrainer gate
bolt heads, ) restrainer gate bolt head keepers, 1
wedge, and 1 wedge spring. Atteapts to locate and
retrieve the missing parts retrieved the following:
1 restrainer gate bolt head, 2 restrainer gate bolt
head keepers; 1 wedge in 3 pleces (wedge, wedge
blade, snd wedge spring); and 1 additional wedge
bale.

An extensive plan was developed by the station and
GCE to repair the discrepancies. All 20 beam bolts
were to be completely detensioned and then retension-
ed. The procedure was one pr viously used at Quad-
Cities for jet pump repairs but modified from the
tensioning procedure used for the original installa-
tion. It included observing the beam bolt for
rotation while being tensioned. The retensioned
beam bolts were then to be rewelded with 2 tacks

per bolt.

All 20 restrainer gate assezblies were to be replaced
with new assemblies. These were to be installed,
properly tensioned and restrained, and the keepers
welded with one tack per bolt (total of 40 bolts).

The riser braces on all inlet risers (1l riser/2 jet
pumps) were to be completely inspected by using
underwater TV. This primarily checked the brace
to vessel wall welds for integrity.

Pumps 5 and 6 were to be removed and raised to a
position for more complete viewing. A complete
inspection was to be performed. i
Attempts were to be made to locate and retrieve

the missing parts. This included 2 restrainer gate
bolt heads and one restrainer gate bolt head keeper,
Additionally, an attempt was to be made to determine
the source of the extra wedge bale.

All par*s vetrieved from the vessel were sent tc GE
for exams to determine the possible causes or
reasons_for the failures.

Even though there were significant failures of
restraints and fasteners, there vere no jet pump
fallures or loss of integritv. Particularly there
were no fallures of any jet p.-p holddown compor onts,
Thus there were no unsafe conditions existing wuring
previous periods of operation.

The cause of the failed restrainer gate bolt keeper
tack welds and the appareant lack of preload on the
beam bolts was attributed (o construction and in-
stallation deficiencies. The apparent cause of

the failed restrainer bolts and the missing and
possidly moved restrainer gate wedge was probably
excessive vibration as & result of the deficient
installation. The proble=s discovered were similar
to those discovered during Inspections related to
the failure described in II.5. It appeared that
all jet pump problems expericnced at Quad-Cities
could probably be traced to faulty craft installa-
tion and workmanship during initial { tallation.

A previous failure of flow (nstrurentation for pump
7 on Unit 1 appeared to have a rcasonable explanation
and could be related to the fallures. That fallure

r , T
jio 1
was located As a severed ftstirutent
where the line was attached for support t
It appeared the fallure could have hecr c.u- = &)
excessive vibration of puzp % due to the tfailec

restraints. (aox)

B t noint

fi

Ref. aqr provided additional information. The
restrainer gate wedge was missing on pucp 6 (not 5).
Several of the original restrainer gate wedges fit
in place too deeply and did not meet the installa-
tion tolerance specified. The wedges for the new
gate assemblies were redesigned to be slightly
lorger in size. The larger wedges were expected to
assure the required tolerance would be met.

The restrainer gate bolt keepers were also slightly
redesizned. The new design eliminated a shoulder
g¢a¢ lip on the edges of the keeper. Those ecges

ca .ed interference and dazage to the tip of the
welding electrodes used to tack the keeper in place.
The lip served no useful purpose and wa clizinated
to aid in the welding operationm.

~
Riser braces on all 10 jet puzp inlet risers were
inspected with uaderwater TV. All brace"to vessel
wall welds were intact. E

Jet pump 5 was lifted ~ 2 in. from its normal
position. The seating surfaces at both the inlet
and outlet were inspected with TV and were found
in normal condition. Pump 6 was lifted frem its
normal position and raised completely out of the
water for inspection. Both the inlet and outlet
seating surfaces were normal. Slight wear on the
order of a few .00l in. was observed or the belly
band in the vicinity of the contact area with the
wedge. (aqr)

Ref. asy provided additional informstion. Several
design changes were made to the replacument parts
to facilitate remote repairs while restoring the
pump zssemblies to their original functional re-
quirements. The basic design re=ained unchanged.
The design changes were incorporated primarily in
asserbly features and techniques.

PJ Restrainer gate assezblies fcr all 20 pumps vere

replaced with new assemblies. The entire assemblies
vere replaced rather than just the failed btolis im
orier to minimize radiation exposuré&t:r persconnel.
The restrainer gate wvedges for the ne. asscmtllies
were slightly thicker to assure.the instaliation
tolerance was maintained. All mewly installed
wvedzes met the specified installaticn tolerance.
Fedesigned restrainer gate bolt keepers were
installed on all 40 restrainer gate bolts. Two tack
welds per gate bolt keeper vere applied instezJ of
the one weld specified for the oziginal assezbiy, to
provide a greater margin of Integrity.

NA standard restrainer gate requir(?special codifi-

cation in order to facilitate installztion on Pump

5. The standard gate was cut in 2 2t a point 45°
from the center line of the wedge on the side nearer
the hinge pin. A spacer block was thuen welded be-
tween the 2 parts im order to provide zn offset of
1-3/8 in. The offset was necessary to ccmpensate

for cne side of the jet puzp hold do.n Lracke: which
was bent. Becau-2 of the very clese proximity of the
hinge pin to the inlet mixer of the jct pump, a new
Scpt 74
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h‘lo- bolt retainers were found missing from the

N

N
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design bolt and keeper wure provided v order to
avoid interference of the bholt and keeper with the

wixer.

A standard restrainer gatc was also modified for
{nstallation on Pump 6. An extension arm vas

added to the gate on the hinge pin side. The
extension arm had a locator screw assezbled in it
to replace the locator block and adjusting screw
that were broken off. The extension vas

assembled to a new design gate bolt and the

exis’ ing hinge pin, and was secured by a new design
nu.. The nut was prevented from rotating by »
keeper which was teck welded to the extension orm.
The bolt was kept from rotating via a Right-Hand
and Left-Hand thread design feature. The locator
screw vas adjusted to mate with the belly band on
the inlet wmixer assembly and vack welded in position.

The 2nd locator screw on Pump 6 had been found with
a broken tack weld and vas not properly positioned
{o its locator block. This -screw was returned to
fts proper location as indicated by the original
teck weld and a mew tack weld was applied. Puzp 7
was found with one locator screw missing from its
mounting block. A new locator screw was designed
to facilitate remote assenbly and {fnstalled,
adjusted and tack welded in position.

besm boit assemblies of Pumps 10, 15 and 16. These
retainers were not replaced since their only
function is to prevent the beam bolt assembly from
falling from the {nlet-mixer during assembly or
disassembly. Any future disassembly of these inlet
mixers will require the Leam bolt assesblies be
removed as separate assenblies. The bean bolts for
oll 20 jet pumps were retensioned using the procedure
developed during the jet pump repairs to Unit 2 in
1972. This required a minimum bolt rotation at a
torque value of 50 ft-1b which provided assurance
the specified tension was applied. Following e~
tensioning-of the bean bolts, the beam bolt
keepers woie secuccd with & tack welds/keeper
instead of the original ? tack welds/keeper to pro-
vide a grentier p.eein of integrity.

The failure cf the flow instrument line for Pump 7
was identified as » severed line during this outage.
Because of the enginevering and mork-up required to
develop the necessar) t-ols to repair the {nstrunent
line, the fix for the severed line was not avalladle
for that outage. 1t was planned to operate during
the subsequent cycle with the {nstrument line as is
now, and to try to repair it during their next
refueling outage.

The following loose parts remained in the vessel: 1
Retainer for beam bolt (“L" Shaped piece 1/8 in.
thick, 2 in, wide, one section 2 in. long, one
section 3 in. long), 2 Bolts for above retainer (3/4
{n. long x 1/2 in. dia), small piece masking tape

(6 x 2 in.), LPRM spring reel guide plece (1 in. dia
x 2 in. long), short picce of welding rod (6 in.
long), sleeve from refueling shield-cylinder (3/46 in.
dia gate (cattle chute), 172 in. long). The proba-
bility of flow blockage from the pleces was
considered small.

The conclusion of the analysis of the inspections
and repairs was the {ailures vere fatigue fallures
caused by excessive vibration. The vibration wvas

' overal of the A=t pem!
T «. tensioned te et i
yerutvrments,  Finally, the fal!
erisinat design reauirements Wt
tepreney fleld installation of t!

fnvolved, (asy
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Millstone 1 = Sept 74 « refueling shutdnw

See items 11, 11, 13 & 16 for details on previou

* information. Two sets of FW spargers had falled ir
service. The fallure of the original Design !
sparger set was found during the inspection whict
followed the chloride intrusion .ncident of Sept 7i.
At that time it was concluded that failure was dut
to high cycle fatigue as a result of inadequate FW
sparger preload. The replacement spargers, Design
2, were essentially of the original design but were
installed with a much higher cold preload. After
the replacements were operated ~ 6 wk, inspections
sgain showed fatigue failures.

The 3rd set of spargers, Design 3, was installed in
June 73 and was in service until late Aug 74,

These spargers featured a fundamentally different
support bracket attached to the vessel wall near the
FW nozzle. Instrumentation installed on the sparge-s
showed excessive vibration when the plant was oper-
ated at > 85, power. .Power was subsequently limited
to B0 to avoid excessive sparger vibrationm.

During the scheduled refueling outage which began

in late Aug 74, an inspection of the spargers revealel
that the 2 uninstrumented spargers and associated
support brackets were badly cracked. PT of the
bracket cracks was extended to include the cladding ef
the FW nozzle corner radii due to the proximity of

the support brackets. Several linear indications
were noted in the nozzle area. Therefore, PT of the
entire clad area acjacent to all FW nozzles was
performed revealing a total of 23 indications. Con-
current with these exams a clad defect removal
procedure was prepared,

In conjunction with the removal of the clad defects,
a metallurgical boat sample was extracted from cne
of the cracks for analysis by GE. 1In addition,
Teledyne performed zn analytical evaluatiszu of the
cracks ané ITT Crinnell reviewed the NUT crack re-
coval and crack measurement procedures and data

feg 22 juacy.

The =z2'srity of the cracks were ~ 1/8 in. in depth,
the largest being ~ 7/16 in. deep and 2 in. long on
the NE #W nozzle, The majority of the clad cracks
were oriented radially outward from the longitudinal
axis of the Fa nozzle on the reactor vessel shell to
noz:le corner radius.

All cracks were mechanically removed by grinding in
szall increments followed by PT. The crack lengths
dininished gradually with the depth of grinding,
typical of a fatigue type crack. Crack depths were
measured by spanning the crack surface with »
straight edge from which depth micrometer reudings
were taken. Additionally, wax impressions of 2
cracks were taken from which depth measurements

as well as crack profiles could be determined.

The final ground arecas were blended to a 3 to 1
taper to eliminate any surface discontinuity, and

a final PT was performed to ascertain that the cracks
had been ce=pletely removed. In conjunction with
the grinding restrictions used to assure that the
low-alloy stcel base metal was not touched, one of
the deeper ground areas was etched revealing only
SS clad metal.

All 4 FW nozzles vere UT examined from the exterior
of the reactor vessel during the outage and no
reportable indicaions were detected.

5 ‘ae '-a‘ﬁ'c
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The exams and analyses indicated the cracking in

the vessel shell to nozzle was limited to the S5
cladding and resulted from high cycle thermal fatigue
attributable to excessive bypass flow around the
previous FW sparger thermal sleeves. It was belleved
this bypass FW flow caused rapid temperature fluctua-
tions in the affected area, a phenomena which was
expected to be minimized by the interference fit of
FW sparger Design & (installed 'o Fall 74). The
interference fit was based upon measurements of the
dia of the thermal sleeves and the nozzle bores.

This procedure was expected to assure continuous
contact around the circumference of the thermal
sleeve, except during intermittent periods of very
low FW temperature (JO0°F) experienced during startup
Exams prior to assembly did not reveal points of
severe local discontinuities. This operating condi-.
tion, associated with reduced FW flow, produces an
sverage radial gap of < 0.003 in. As & result of
these design improvements virtually no leakage
through the gap was expcted during full power
operation. The anticipated leakage at low power
levels was not expected to cause significant

annular fluid temperature fluctuatiems in the
thicker regions of the nozzles, because the small
acount of leakage flow would be heated as it passed
through the annulus.

A fracture mechanics analysis based upon ASME

Section XI was performed to determine the permissible
flaw depth and in no case did the detected cracks
equal or exceed the permissible flaw,

In order to understand the nature and cause of the
original FW sparger vibration problem, a full scale
test facility was built in San Jose. A test program
was conducted which aided in isolating the cause of
vibration. Design &4, evolved from the informatics
obtained from the test facility. A set of Desige

& spargers was installed in Millstone during the

Fall 74 outage. Following a brief period of con-
firmatory test data scquisition during plant startup,
the unit was to be re.urned to full power operationm.

The-cold flow testing in the full scale test facility
identified the cause of sparger vibration to be
excessive clearance between the sparger thermal
sleeve and the vessel safe-end. For a given pressure
érop across the sparger there is s critical flow

area (or radial clearance for a given sizc¢ of

therzal sleeve) which, if eXceeded, permits sparger
vibrations. The results of the test program indi-
cated the failures of Designs 1 and 2 and the
excessive vibration of Design ) were caused by
excessive clearance between the thermal sleeve and
the vessel safe-end.

The Nesign & interference fff concept was proven by
cold flow testing in the test facility, and was
expected to perform satisfact#ly, Verification
of this design was to be accomplished during initial
plant startup using data from an {nstrumentation
package Installed on the spargers. Based on the
test results, the sallent design features of the
Design & spargers were:

1) Interference fit between the sparger thermal
sleeve and vessel safe end: This wvas based on
several tests showing there was no vibration
under any flow conditions when the thermal sleeve
was tightlv fitted to the safe end.

2) Forged-we) .ed tee between the thermal sleeve and
sparger headers: This reduces peak stress levels
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in the tee b o f 22or of & due to smaller stress
concentraticn .. it is due to the use of full
penetration w: lc., core uniform sections, and
large radii at the lunction of the header pipes
and the thermal sleeve.

3) Larger flow distritution exit area: This was
incorporated to lower the pressure drop at rated
flow from 17 psi for the first 3 designs to 10 psi
for Design 4, which incresses the stability margin.

4) Sparger installed preload of ~ 2600 1b: This was
incorporated to inhibit sparger radial motion due
to FW flow. This wvas asccomplished by installing
the sparger with a preload that exceeds max
expected FW flow forces.

Each Design &4 sparger was provided with vibration
instrumentation. Onlv one sparger (SW) was to be
fully i{nstrumented with numerous strain gauges and
RTD's. Due to the izportance of detecting local
temperature fluctuations in the region of the nozzle
to vessel shell radius, RTD's were installed on all
4 FW nozzles pricr to plant start-up. Data taken from
those sensors was to be monitored and recorded in a
manner similar to the vibration monitoring planned
for the hot flow test program which would corres-
pond with the plant’s ascent to power following the
outage.

UT of all & FW noz:ie corners from the reactor vessel
exterior were planned after ~ 6 mo of operation., All
indications detected at that time were to be satis-
factorily dispositioned prior to return to power.
During their next refueling outage, UT and PT was
planned on the accessible nozzle corner cladding of
all 4 FW nozzles conc ent with an exam of the

to that performed at the &

spargers. UT, identica

mo interval was also to be conducted during that outage.
(axp)

Ref (bbr) provided additional information., Originally

they concluded that they had 23 cracks, none of which
penetrated into the base metal. A revaluation of the
deeply ground sreas was planned and conducted sub-
sequeut to t*: 7 1 reload operations. This was
necessary Licu..é all deeply ground areas had not

been chemicall, -tched and the apparent clad thickness
was substentiall, in excess of that specified in the
original desiun ovuzents. Following vessel flooding
and subsequent t- the fuel reload operations, the
water within the reacizr vessel cavity was drained

to a level just btelow the FW spargers and the vessel
work platform was installed. A visual exam of the
previously ground areas adiacent to the 4 FW nozzles
revealed ) .reas of rust (ferric oxide). The 3 areas
wvere on the nozzle radii of the SE, NW and NE nozzles.
This represented exposure of the low-alloy steel
base metal by the crack removal operations.

The reference also stated that the correct number of
detected cracks wvas 20,

Subsequent to the visual exa=s, PT was performed on
the NE FW noz:zle grind area, UT of clad thickress wvas
performed at ~ 35 locations adjacent t. the deeply
ground areas, 2 rcplicas of each rusted srea were

made and depth peasure~ents of the base metal pene-
tration were performed. In addition, Teledyne
performed an analytical evaluation of this base

metal penetration snd ITT Crinnell exanmined the rusted
areas and advised with respect to replica formation

procedures.

'tll.

't Mihleberg = Aug 73 and summer 1874 - refueling

A Tevoew of the Feacto. sessure \essrel “iv: ettt
was conducted, the conclusion being that thr -ouni

of base retal removed did not detract fro 1

original design requirements, A fractur. mechunics (
analvsis indicated the calculated critical flas

depth was not approached. Removal of the crack:
assured that discontinuities, capable of proparation,
did not exist st that time. The cause of the cracking,
the planned surveillance and the corrective action
associated with FW sparger Design & remained the

same. Izplementation of those measures was expected

to assure a safe return to full power operation.
(bbr)

1%y

FW SFARGCER CRACKS

-

o shutdown
They inspected thelr spargers after the discovery of
cracks at Millstone. Some indications of very small
cracks were found at that time but continuation of
operation was still considi.red practical. A close
visual {nspection with the aid ot a crsne cperated
chair showed larger cracks in 2 of the % spargers in
the summer of 1974. In a close collabgation between
GETSCO and BKW the replacement program was very
carefully prepared. It involved among many things the
fabrication of a shielded platform and shi:lding
curtains for the vessel walls in order to reduce the
strong radiation (1 R/hr) in the workin; areas.

The & FW sparpers were fabricated before the ocutage

(they had to be modified slightly). The whole \
replacerent work was performed by a team of 27

speclalists of Mannesmann and BKW (the owner) and

CETSCO supervisory personnel.
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* In Sept and (7l Te, & preparation ~=ogram for

replacing th :rurpers was carrle  ut by GETSC
and Muhleberg personnel. It involved planning the
necessary operations, revorking the previously
ordered new spargers, fadbrication of a shielded
platform and shield curtains for the vessel walls
and employment of some 25 skilled men.

Shutting down the plant, opening the vessel and
installing the platform and shielding was completed
within 2 1/2 days. Work started in Oct with the
removal of the old spargers. One of them had a
circumferential crack. Indications of slight
cracking were also observed on the 2 spargers which
were still sound in the summer inspection.

The installation of the new spargers involved a
careful adjustment of the thermal sleeves to the
dia of the FV nozzles. The gap between nozzle
and sleeve was determined as a critical parameter
for the possibility of vibrations. Detectors for
sound emission were installed at the outside of
the nozzles.

As planned the whole operation was finished after

6 days. The accumulated exposure of all people

involved was 44 man-rem. The duration of the
Rshutdm was ~ 1 1/2 wk. (bah,bfo,bqg,btk)

22. VIBRATION - FW SPARGER U-BOLT FAILURES

Humboldt Bay 3 - Nov 74 - shutdown

The reactor FW sparger consists of a continuous
section of oval cross section pipe located around
the inside of the vessel at an elevation below the
top of the core chimmey. The sparger is supplied
with water from one inlet nozzle. It has 1/2 in,
holes near the bottom on both sides to distribute
the FV' uniformly in the vessel. The sparger is
supported by 8 gusset type brackets around the ID of
the vessel wall and was originally designed to be
held in place with U-bolts mounted on each bracket.
The U-bolts, which were fabricated from 1/2 in.
diameter SA-276 Type 304 austenetic SS, fitted around
the sparger and were held in place with nuts on
both sides of the support bracket. The nuts were
tack welded to the bracket.

uring a refueling outage, {t was noted that the
sparger had moved 1 1/2 %o 2 in. away from the nozzle
and some of the U-bolts were broken., A close exam
showed that 6 of the U-bolts had broken through on
one or both legs. Twc bolts were sent to GE for
metallographic exams. These bolts were broken
through on both legs just above the nut on the top
of the support bracket.

The sparg:r thermal sleeve still extended ~ 22.6 in.
i{nto the nozzle. The sleeve had an interference fit
and the nozzle ID {s uniform so there would not have
been an increase in FW flow around the sleeve,

GE's exam procedures consisted of visual, PT, scanning

electron microscopy, metallography and hardness.

The exams showed the failures were caused by high cycle
fatigue. It was postulated that the U-bolts vibrated

in resonauce with {nput from a source such as the FVW
pump or recirc flow. It wis further postulated that
the sparger itself was not vibrating or that the
vibration amplitude was very low.

-

Corrective rep. , weTe peitar W water webng
specially designed touls., Al Letirl s ot
asscociasted ruts were removed ‘i Tt ippar: b ackets.
There were no lost or unaccrunt«’ fnr parts,  bBao i
tools used were a cecovercial hvaraulic bolt cutter

and nut cracker modiiled for the application. The
sparger was then recentered using a comercia!
hydraulic jack with special fixtures built at the
plant so the sparger could be jacked against 2 of
the sparger support brackets. The force required
to move the sparger back im place was calculated to
be < 2000 1b.

After the sparger was recentered, the FW line inside
of the drywell was examined by PT. No relevant
indications were found. The FW nozzle was also
examined by radiography. This showed that the thermal
sleeve which attaches to the sparger was in its proper
position. The end of the thermal sleeve appeared to
be normal in all respects.

Redesigned sparger restraints were installed at

each support bracket. These restraints were sub-
stantially stronger in design and clamped tightly
around the sparger. They were not directly attached
to the sparger support brackets as wese the original
U-bolts. The nuts which bolt the restraints to the
sparger were tightened to 40 ft 1b and secured by
staking to prevent them from working loose. Legs
from the restraints were designed to ®ngage the wall
bracket to limit any sparger movement away from the
nozzle due to hydraulic forces, while allowing the
sparger to cove as a result of thermal growth,

The new restraint design was not expected to be
susceptible to the same types of vibration problems
postulated for the original U-bolt design because the
new restraints were held in firm contact with the
sparger. The new restraints were fabricated in the
plant from solution annealed ASTM A-276 Type 304 SS
bar and flat stock,

Twenty-three days elapsed from the time the sparger
problem was first discovered until the corrective
repairs were completed. All of the repair work

was performed by plant personnel working from the
refueling platform on the reactor extension tank to
zinimize radiation exposure. The total accumulated
exposure was ~ 6.5 man-rem. All special tools and
the new restraints were built by plant personnel.
Engineering support was provided by GE.

During the 1975 and 1574 refueiinf and -:intenance
outages a thorough visual inspection of the FW
sparger, all support brackelzr.n: sll sparger re-
straints was %0 be made. In addition, each restraint
was to be checked to assure it was still clamped
tightly to the sparger. During the 76 outage one
of the restraintrs was to be removed and replaced by
a new restraint of sicilar design. The removed
restraint was to be subjected’go a thorough exam,

L (bes)

~
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23. FW SPARCER CPACi.~

Dresden 2 -~ Dec 74 - refueling shutdow

FW sparger (304 S5, Sched 40) inspection was per-
formed in response to a GE recommendation. The
inspection consistec >f using undervater TV to
examine areas including: 1) welds of 6 in. schedule
40 header pipes to the 11 in. junction box pipe,

2) weld of junction box to thermal sleeve, 3)
contact of bearing bars to vessel wall, 4) pin
engagement with clevis ends of each sparger and

5) cla: -4 FW nozzle blend radil area on the
reactor vessel. The inspection revealed 2 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 appeared to be ralatively straight, extending
90* around the pipe circumference. The 2nd crack
was located on the upper part of the left side
header pipe to junction box weld area of the north-
east quadrant header. This crack appeared to be

a little more jagged than the first crack, near the
weld area and extended ~ 200° around the pipe
circunference.

The bearing bars (preload spacer), on the right
side of the south-east quadrant sparger and on the
right side of the north-west quadrant sparger were
not io contact with the vessel wall. No other
discrepancies were observed.

Based on the underwater TV inspection, the predominate
failure mode appeared to be fatigue cracking. The
video tapes of the sparger inspection were viewed by
CE personnel and concensus of opinion was the cracks
looked very similar to the sparger cracks at Millstone
1 {see I1.20). The cracked spargers at Millstone
were metallurgically examined and determined to be
transgranular (fatigue cracks).

As viewed through TV, the bearing bar on each of 2
spargers appeared to be out of contact with the
/essel wall by a =!ight amount. Although there
were several y2:<!“'e cxplanations for this, the
actual causc was nol known. This condition hud been
observed at other "JR's and its presence did not
alter the coencluscion that the sparger cracks were
caused by fatigve due to flow induced vibrations.

Numerous full-scale cold-flow test had been conducted
at a GE test facility on FW spargers of several
different configurations to determine the cause of
vibration. Those tests showed that unstable flow-
induced vibration occurred as a functior of the fol-
lowing variables:

~The dp between the sparger inlet and discharge.

~The average radial gap, which permits leakage
flow between the inside of the thermal sleeve
snd the outside of the FW nozzle.

=The imount of damping present in the system,
particularly at the thermal sleeve-to-nozzle
interface.

The program for corrective action was to 1) PT

the accessible portion of the nozzle blend radius

of each FW nozzle, 2) further inspect the old
Dresden 2 spargers and determine the actual radial
gap wvhen they were removed, 3) replace all & Dresden
2 spargers that outage with new spargers of the

reipa (very simi’ Tte the T fc . coamepe
at ‘lilstone), &) inspect the P o P 8 o
tre.r next scheduled refueling ¢ 2 "1 inspect
t1niluding P7 of the nozzle bler” r- <. %« (
ctengled

Imesden 3 FW spargers during its next

reiueling outage.

The

salient design features of the Desigr & Fw

sparger were:

1)

2)

3)

4)

laterference fit between the spargsr thermal
sleeve and vessel safe end.

Forged-welded tee between the thermal sieeve
and the sparger headers.

Different size and location of exit holes in
the sparger.

Schedule 80 rather than schedule 40 (304 SS)
spargers, (bfn)

There wvere - 200 men used to replace the

spargers. (cve)

- . f:
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A schrcuiv: Yt purp inspection was perfor: '
the aid ot urarrater TV and video tape. lion o

pletion o' intpections on all 20 je: pumps, t:
following discrepancies were noted: 1) The b

bolt retainer clips and 1/2 in. cap screws werc fo.rnc
to be missing on jet pumps 7 and 8; 2) The restrainer
adjusting screw on the shroud side of jet pu~v I°

vas missing: and 3) Restrainer gate keepers on jct
pumps 1, 6, 12, 15, and 18 had their welds in place,
but not fused to the restrainer gate.

The apparent cause of the missing retainer clips,
th. 1/2 in. cap screws, and the adjusting screw
was attributed to equipment failures caused by
installation deficiencies. Based on the part:s
being inadcouately installed, the vibrational
forces present during normal operation could have
caused those components to become dislodged fro=
their normal positions.

During jet pump repairs to Unit 2 in 1972 (see 11.3),
the bear bolts and keepers were the primary com-
ponents repaired. The repairs necessary to Unit 1
during its past refueling outage in 1974 revealed
that further defective installations (see 11.19)
existed. It was felt that their then present com-
ponents were originally installed in a deficient
manoer and the possibility of their failure wa:

not known at the time of the original Unit 2 repairs.
The discovery of their new failures was consistent
with the deficiencies noted during the Unit l out-
age in 1974,

The missing beam bolt retainer clips and 1/2 in.

cap screws cf pumps 7 and 8 were not replaced.

These pieces were important only during the initial
construction of the jet pump beam assembly or during
their removal. Af*er insrallation of the bea= bolt,
the function of those pieces was completed.

A replacement stop (adjusting) screw was installed
and tack weided to its holding clamp on pump 18.
As an alternative to removal of the jet pump thraat,
the weldin. Yool used to tack weld the stop screw
was ‘wdi o to perform its intended function.

L]
Alth -2 !, was postulated that the restrainer gate
keepe: on pu=p 15 was loosened during the repair
of the stop scrow, the tack welds of all jet pump
restrainet -ates were reinspected as a precautionary
ceasure. As & result of the faulty tack welcds Sie-
covercd on the ‘et pump restrainer gate keepers
of pu=ps !, 8, 12, 15, and 18, the restrainer gate
bolts were returqued, and new tack welds were placed
and verified. A similar inspectioa of the 20 jet
purp beam bolt keepers was performed with satis-
factory results.

As of late Feb 75 there were 11 objects (dosireter,
screws, clips, wire, wrench, rag) loose or missing

{n the reacter vessel. Search and retricval attempts
were continuing.

The problems discovered on this inspection of Unit 2
were similar but less severe than those discovered
following a Jet pump failure in Unit 2 in Aug 12.

At that ti=e¢, o jet pump assembly had becorc dis-
lodged fro= its normal position and rotated in the
vessel. [Extensive inspections and repairs wcrc per-
formed on all Unit 2 jet pumps and they operated
satisfactorily thereafter.

\ T |

An extensive tnspeét:on of wli tnt 1 jet pumps during
jts first rvefueling outuge 0 ADr e revealed o large
nurber of jJet pump discrepancics. - Trese included

beam bolt torque test fallures, shiartd restrainer
gate bolts and keepers, missing and cracked restrainer
gate bolt keeper tack welds, a missing restrainer

gate wedge and indications of wear in the vicinity

of the wedge indicating possible vertical movement

of the wedge prior to the inspections.

All of the jet pump problems which had occurred at
Quad-Cities were attributed to fault, craft installa-
tion and workmanship during the initial construction
of both units. (bhp)

At the end of the outage a neutron dosimeter tube,
a neutron dosimeter, an adjusting stop screw and &
grinding burr were still missing and assumed as
remaining in the vessel. (bui)

-

£

25. FW SPARGER CRACKS

Quad-Cities £ - Feb 75 - refueling shutdown

PT of the & FW Sparger Junction Boxes revealed ind!-~
cations of cracking. The test was being performed
upoa request of GE because of concern over the
occurrence of cracking in several other FW Spargers
of the design utilized in Quad-Citics. Special
attention had been given to the welds at the inter-
sections of the jurction boxes and the distribution
pipes. The PT tests revealed indications of several
cracks in the heat affected zones on the piping side
of the welds on each of the & spargers. Following
removal of the old spargers, further PT exans vere
conducted on the FW nozzle cladding with the following
results: 1) On the 60° nozzle, 3 porosity fndica~
tions were found, 2) On the 150° nozzle, one fine
crack,. ) linear indications, 1 crater and scattered
porosity indications were found, 3) On the 240°
nozzle, one linear indication was found, and &)

On the 330° nozzle, 8 linear indications were found.
All relevant indications were removad by grinding
and retested satisfactorily. o

-
The failures were .ttributed;ﬁo fatigue to the spargers
caused by flow induced vibration, anc compounded by
stresses induced by the thermal gradients inherent
between the FW piping and reactor vessel internals.
There have been 36 startup/shutdown cycles. Leakage
between the sparger and the FW nozzle contributed
significantly to vibration of.the sparger assecbly and
also imposed thermal stresses om the nozzle.

The [ailures were similar to t.&c at Millstone and
Dresden 2 (see 11.23, 32 and 33). Spargers of a new
design were installed in Quad-Cities 2. They utilized
an interference fit to eliminate lcakage and thus
reduce the vibration. The old spargers wcre to be
further inspected to determine the actuasl radial gap
that existed during operation. The spargers for Unit 1
sere to be inspected during its next scheduled re-
fueling outage. The newly installed spargers for

Unit 2 were to be inspected during its next scheduled
refueling outage In Sept 76. (bho,cmx )
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26. INSTRUMENT VIBRATION - CHANNEL BOX DAMAGE

Fukushima 2 - Spring 75
Cooper - Apr 75
Muhleberg - 1975
Pilgrim - 1973
Brunswick I - 1975
FitzPatrick - 1975
Arnold - 1975
Peach Bottom 2 & 3
Hatch 1 - 1975
Browns Ferry 1 & 2 - 1975
Vermont Yankee - 1975

- 1973

CE reported tha: TIP systems had provided indications
of possible vidrations at Fukushima 2 and at Cooper.
Prelicinary exa=s by GE indicated that the coolant
flow through bves«« holes in the plate supporting
the reantor cor~ . ~uld be inducing movement of the
instrument compuis .ts sufficient to contact the
corners of the channel boxes, causing wear and
cracking, Su.l wear and cracking were observed in
Fukushima 7. T'..nel boxes are structures around
bundles of :+=i rods that help smooth the flow of
vater past ‘t¥7-i. Jles and through the core.

Similar beliavivi--but of lesser magnitude than noted
in Fukushiza 2 vas identified in monitoring results
at Cooper. Cr~rer decided to recduce power and flow
to < 50%. The !2C directed 10 other BWR's (Arnold,
Verrmont Yankee Erowns Ferry 1 and 2, Peach Bottom
2 and 3, Pilgrim 1, Brunswick 2, Hatch 1 and Fitz-
patrick) wh .ch had bypass holes in the core plate

to review results from TIP monitoring performed
within the last 1 mo to {cdentjfy any anomalous be-
havior, and to provide the NRC with the results of
the review. A scoevhat similar problem {s described
in 1.12. (bjv)

The probler appeared to be generic to the BWR-4 class
of reactors only. The BWR-3 class did not have lower
core support plate orifices. ‘z
The bypass holes vere drilled in the core plates to
maintain the total bypass flow at ~ 10% of the total
core flow because finger springs (FA's were equipped
with finger springs on lower core tie plates to provide
s controlled flow leakage path between the lower tie
plate and the fuel channel) reduced the flow in

2 cute typass reglor T Arnaid
2ia noles. Plugging v o hale: w '
slizhtly affect steadv-state tner

¥ ‘

- \'Yl

cnnditions. The plugs mentioned “v! vimilar

tu those previously installed in Pilirim and Vermont (
Yankee (see 1.12). GE determined th.' the natural

frequency of the LPRM tubes was 2.5 ii. Armong the

permanent fixes CE was considering were clasvs to
hold the TIP tubes stable, diffuser or bublbler

pipes to be inserted in the holes in tie core plate,
drilling 2 holes in the tie plates (transition
pieces) at the bottom of the FA's, etc.

Fukushima 2

During Dec 74, an unusual traversing in-core probe
(TIP) trace was noted. Evaluation of this trace and
subsequent diagnostic tests led to the conclusion
there was a high probability that a neighboring
channel had developed a hole. The reactor showed

11 to (2% peak-to-peak noise in Feb 75, Prior to
the reactor shutdown, a 2nd location developed
similar noise characteristics.on its TIP traces.
Inspection of the channels surrounding those locations
at a subsequent outage confirmed the hypothesis. 1In
order to assess the probable cause and amount of
damage, a detailed inspection plan was developed and
implemented. A total of 197 channels received a
detailed visual inspection. The results of khis
inspeccion are given below. i

Est. Wear (mils)

Type of Number Through Wall

Incore Inspected Wear 30-70 10-30 <10

LPRM 124 3 3% 50 32

Source 20 - 8 9 3

SRM 16 - L 6 9 =
IRM 3 - 3 11 18 (
None 5 - - - 5 '
Total 197 3 BT T S 3

Cooper

Special instrument checks indicated possible vibrations
and they reduced power to < 507 in late Apr 75.
Essentially no indications of "noise"” or anomalous
readings were detected at a 507 power, 447 flow condi-
tion. They elected to run at 50% through the summer
load period until Oct 75 and then shutdowm for a

fix. Their refueling was not :cneduleq=pntll 1976.

In July the NRC permitted them to .ncrtlse power to
60% and reduce flow to 40%. 5

Arnold

TIP traces indicated 3} possible locations that had
higher than average noise levels. Only one location
had noise that was not clear!; 'ess than reporting
criteria established in Apr /5 by the NRC. The TIP
traces at Arnold contained less nolsnllhln those
taken at Fukushima 2.

In nid-May the NRC ordered them Lo reducc power to

507 (at core flow rates < " 55%, the noise was not
observed). The unit was shutdewn in early June for

an inspection. The shutdown vas preceded by a 72 hr

test run at power levels and core f{low rates up te ‘
100s. They planned to replace all channels which
experienced > 10 mils wear in the lower half or

> 21 o.ls vear in the upper half. Thesc limits vere
consistent with the allowvable on-site handling

scratches or wear that any channel could experience

July 80 .
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_to 851 power.

during 1o’ fuel handling operations anc alic. - -
of additiona! duty. In-pection of the first & charng!
boxes (ad)ncrnt to thimble location with high noise,
mentioned above) showed unacceptable wear in the corners
adjacent to the instrument thimble. The wear was as
much as 40 mils in depth with an additional 8 to 10
mils in several notches in the general wear region.
The width of the wear region was as much as 3/8 to

1/2 in. The wear wvas not as serious as that st
Fukushims 2. Altogether, about 1/2 of the channels
ad)acent to instrument rods showed wear.

They plugged the bypass holes and replaced 119
channels. One FA was dropped during the handling
operations., The length of the outage was ~ 6 wk.
Plugging the channels reduced the plant capacity by
~ 15%. The NRC then suthorized them to operate up
In-core instrumentation and accelero-
meter data obtained after startup indicated there

was no impacting of instrument tubes against channels.

Peach Bottom 2 & 3

Unit ? was deratgd to 507 power in early June following
indications of possible TIP vibrations. Unit 2 had
shutdown for local leak rate testing on May 17. After
it returned to the line in June it proceeded to

1007 power with continuous monitoring for vibra-
tions. It was restricted to 507 power after July 6.
Both units were allowed to go to 607 power, 4O0%

flow in late July., Plans were to operate the units
at rated power for short periods as part of the fuel
preconditioning program. Accelerometers were
installed on TIP detector drive cables. Prelimin-
ary results indicated there was no contact at <

60% flow. PECO then asked for permission to operate
up to 50% flow and 3.62 MWt bundle power. In-core
fixes were performed on Unit 2 in Nov 75 and on Unit
3 in Jan 76.

Heich 1

This unit was able to operate at ~ 80-85% power

whilc anitoring for variations in TIP flux signals.
In lz2'= Aug they proceeded to 100% recirc flow (~

5% pow - ) to obtain TIP traces. The TIP values of
the ratio of noise band width to signal amplitude

did not . «ceed €7 over any 10 in. of radial core
length and they planned to resume their 1007 startup
testing progra= to prepare the unit for commercial
operations. (Holding the variation in flux signal
below 67 sllayed NRC concerns about possible chafing
and wear from vibration.) During a Nov outage, 192
fuel channuis which were adjacent to the 48 in-core
tubes were found to have no through wall perforations.
However, 125 channels vere rejected and removed from
service due to significant wear. New channels of

the same design replaced those rejected. There were
64 channels {dentified as exhibiting minor wvear

and they were relocated in the core in such a

maoner that worn areas would not be adjacent to in-
core tubes. Three channels were found to have no
visible weir and were to be returned to their original
locations in the reactor core, The bypass flow holes
in the lower core plate were also plugged during

the outage. Continued monitoring and inspection for
vibration induced damage was planned.

Browns Ferry |

Inspection of all 245 channel boxes adjacent to
incore instrurentation was completed in early Aug.
The magnitude of the wear distributed among the

Vol Ba*eg
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various types of incore in<truwents was the same as
at other reactors. That ¢ the total distribution
was bimodal and separable on the basie of bypass
holes being present or abscnt. Of the instruments
having bypass holes present, the 3} hole locations

led the other locations ‘or the magnitude of channel
wear., GE had the following & inspection result
categories: rejectable, probably rejectable, probably
acceptable and acceptable. This number of categories
anticipated selective channel placement in the core
if the availability of channels became limiting.

Nine channels had “double wear"” and 6 of them were
definitely rejectable. “Double wear" was a light
surface wear which occurred on the channel box

flats adjacent to the worn corner and beyond the wear
wvhere channel material had been removed. At least
one channel had thru-wall wear. Modifications were
suthorized in Mar 76 which aspproved the drilling of
the FA lower tie plates of Tynes 2 and 3 FAs to
provide bypass flow. Heles in the lower core support
plate orginally provided for bypass flow were to be
plugged to elizminate in-core instrument tube vibraticms.
Units | and 2 were not authorized for operation until
a later safety evaluation was completed GCE felt
that drilling new holes in the lower tis plate asrembly
would rearrange the coolant flow through the core
sufficiently enough to allow operation at 100%

power and still prevent instrument tube vibrat on.

Vermont Yankee

This unit was also able to operate at 80-85% (see
Hatch 1 above). They rhutdown for 540 hr in Aug
and plugged holes. There was sonme wear.

FitzPatrick underwvent in-core fixes in Feb 7¢ and

Brunswick 2 plugged bypass holes in Mar 76. Pilgrin

had already plugged bypass holes.
(buj,buk,cne,cnf,cng,cnh,cni)

N Muhleberg

The fuel channels were affected during the first 2
cycles by vibrating poison curtains. This led to a
temporary power reducticn and sulsequent outage

(~ 461 br) to remove sone cf the.cuirtains and plug
bypass flow holes. After resoyzl of the last
curtains during the su—~.er 74 rfueling outage, a
new problem arose; chairnels wefe dazaged due to
vibrating incore detecter tubes. This phenomens
was hidden "behind the curtains” during the first

2 yr because the poison curtains absort=d most of the
energy induced by the leakage flow through bypass
holes in the bottoz plate. Inspection of all affec-
ted charnels during the su=rer 78 outage showed
excessive wear (not through 'vlegl on 21 channels.
They were replaced and the new le was started
until s final fix could be determined.

b‘tn carly spring 76, preparations were made for a

final solution. t consisted of plugging the bypass
holes {n the core plate and drilling 2 small holes

in the fuel bottom piezes. The crilling technique
used vas a electro-erosicn-technique, Tlests had been
performed at CE and at Muhleberg and the results vere
promising. The rezaining 160 fuel elements were
drilled in this sanner during the June 76 refueling
outage. After some rinor start-up problems, all 1320

-
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holes were eroded within 16 days (the 80 new elemen::
already had the holes.

"Souad emission measurements during start up in July
showed that the vibrations were cuch smaller than in
the preceding cycle and that probably mo hittimg of
the channels was occurring. The TIP traces also
indicated & substantial improvement. A fuel channel
faspection was planned for the 1977 summer outage.

(brw, cyq)

See ‘tem II.3% for additional indormationm.

27.  FW _SPARCER, NOZZLE CRACKS

Dresden 3 - May 75 - r:fuciin; shutdown

Special visual and PT inspections revealed cracks
in the Fw spargers on 5 of the 8 header pipe to
junction box welds and on 1 of & thermal sleeve to
junction box welds. As with the other plants, the
cracking was believed to be due to the design of the
spargers which rendered them susceptible to flow-
induced vibration.

The program for corrective aciion was to 1) PT
examine the accessible portion of the nozzle blend
radius of each FW nozzle, 2) replace all & spargers
that outage with new spargers to the new design

(very similar to the "Design 4" spargers), and 3)
{nspect the FW spargers during their next scheduled
refueling outage. The PT of the FW nozzle blend
radii resulted in a total of ~ 150 linear incicailons
being found. The indications were oriented in the
direction of the nozzle bore centerline. The max
length was 1 1/2 in., with avg length ~ 3/8 in.

All linesr Indl-ations wete removed dy grinding.

The max cavity cepth from the clad surface was 13/§ in,
The max penat. tion {nto base metal was 1/8 inm.
Crinding wa.™ one in 1/16 in. increments and after
esch increm~-t, PT was conducted to verify vhether
the indication had been removed. The cross -
sectional area of reinforcement removed at the

vorst grind location was .l44 inl.

The sslient design features of the “Design 4"

sparger were: 1) interference fit between the :parger
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, and &) schedule 80 rather than schedule

40 (304 SS) spargers.

The first design feature was based on several tests
showing there was no vibration under any flow condi-
tions vhen the 'hermal sleeve was tightly fitteéd to
the safe end (small radlal gap). The 2nd feature
reduced peak stress levels in the tee by factor

of 4 due to smaller stress concentratioss. This was
due to the use of full penetration welds, more uni-
form sections, snd large radii st the jurction of the
header pipes and the thermal sleeve.

The 3rd feature was incorporated to lower the pressure
drop at rated flow from 16 psi for the first rlesigns
to 11 psi for the new designs which increases the
stability margin.

-

s;et= wa+ planned

T and T ol the Fames ¢+ T
Ltartun/shutdown

ter _ent 7u., They had a tc:
'-.rules o+ of Mav 76. About =i+ were used in the
sparger renlacement. (bav,rm *=o,cmxyCVE) (

. keepers could conceivably allow the clazp bolts
to back out of the jet pump wedge and restrainer

- conducted was constructed.
Leby ~ 4 1/2 mo.

28, IMPROPER TACK WELDIN® - F37<7N WELDS ON JET PUMPS

Dresden 3 - July 75 - refueling shutdown

. During restrainer keeper lift testing of the jet

pumps it was noted that several tack welds had
parted on the outboard clamp bolt keepers for Nos.

6 and 17 jet pumps. A visual exa= by undervater

TV had revealed no visible defects on either jet
pump keeper; however, during the lift test, which
ascertains the resilience of keeper and weld, the
welds broke. The apparent cause of both keeper
fallures was poor tack welding. Properly made, the
welds would normally hold the keeper securely to the
jet pump restrainer.

Failure of both inboard and outboard clamp bolt

z

assembly. A double failure of this nature occurring
during reactor operation would result in increased
vibration of the jet pump and might ultimately

leak to separation of the jet puzp body at the slip
fitting between the mixer and difiuser secticums.

The tack weld fallures were induced by the artificial
vibration of the 1ift testing. The jet pumps were
securely fastened by means of the inboard clamp
bolts, both of which were tested satisfacorily.

1n any event, the routine daily surveillance of jet
pump flow characteristics would detect.any such
discrepancy and the reactor would be shut down within
24 hr.

~

The clamp bolt keepers were rewvelded and successfully
retestad. These jet pumps were tc be inspected
during the next major refueling cutage to verify the
integrity of the tack weids. (bse)

29. CRACKED W SPARGER

Oskarshamn 1 - Aug 74

The FW sparger was made in one single plece. Cracks
were discovered during the summer 1974 shutdown. The
replacement sparger was made in se;=ents. The work
in the radiocsctive environment war very tice consuming.
A special lead container froam which jﬂe vork could be
This extended an outage
See item I1.38 for sdditional

(brw, bto)

*

-

information.
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r‘ See item XVI.
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Piisit= 1 = Feb 76 - refuellng shut.tow

Based on the recommendations of CE, NDT of tr:
reacto: veesel FW spargers and nozzle inrr- Lies!
radi was performed to verify their functiorn..
inte rity as part of the NSSS. VT of the
sparjers was performed and no anomalies weres observed.
PT of the accessible areas of the reactor vessel Fw
nozzle inner blend radii was then observed. Trherefore,
the Fw spargers were removed from the reactor vessel
and as-built dimensions were obtained so that new
spargers could be fabricated. Concurrent with
fabrication of the new FW nozzles, all of the fuel was
removed from the reactor vessel, and PT was performed
on the inner blend radii of all of the reactor vessel
FW nozzles. This r.vesled a total of 78 indications
on the FW nozzles { ser blend tadii suiface which
extended from a 12 in. reference circle around each
nozzle into the nozzle to ~ 2.5 in. past the back

edge of the thermal sleeve centering tab. Fraiture
wechanics snalysis was performed and it was de-
termined that the most critical region was the FW
nozzle corner.

Corrective action consisted of removing all
unacceptable indications by grinding. This repair
work was performed in sccordance with approved
procedures and engineering instructions under the
technical direction of CE personnel. As-ief:t grinding
repairs were determined by use of etching, dye marking,
and molding to provide an accurate sizing of all
repair grinding which penetrated the carbon steel

base metal material for use in au engineering
evaluation. The max grinding penetration into the
reactor vessel base wetal was 0.5 in.

To p event recurrence, new FW spargers were installed
which incorporated an interference fit with therral
expansion characteristics similar to the surrocading
nozzle to reduce the FW sparger thermal sleeve bypass
flow, thersby, minimizing flow induced vibrations

and tlerz. ' cycling.

The FW spargers had been inspected during the 1974
refuclin; cutage and no anomalous indications were

‘
e evaluations made by Teledyne, it was
. the margin of safety for the structural
< of the FW nozzles was being maintained
:1 required by the original acceptance stan-
1: was anticipated that a visual reinesection

dards.
of the blend radii was to be conducted via uncier-
water camera during their next refuel’ng outage.

C. 247 for additional inforzation.
(chl,chm,2=i)

al. LOOSE SCREWS - FAILED JET PUMP TACK WELTS
SUSPECTED

Vermont Yankee - Fall 1974 - refueling shutdown

During .isval inspection of the jet pumps, using

a borescope, 2 apparent discrepancies were found. A
lock plate screw on jet pump No. 15 and a 1/2 in.
retainer cap screw on jet pump No. 6 each appeared
to exhibit failed tack welds., The vessel cavity was
reflooded inimediately after the inspection.

Vol peRel
T:. Beaztor Int.
a p. 2%

Evaluation of the results of th: !napection produced
several conclusions:

-CE was concerned that the tack weld failure could
possibly indicate a vibratlon problem that a visual
check that had excluded the restrainer wedges could
not adequately evaluate.

-Yankee engineering supported GE's position and
strongly recommended a completion of the exam in-
cluding the mechanical tension test.

~The potential hazard presented, in and of themaclves,
by the 2 small screws, should they become loose in

the vessel, was not significant.

A CE engineer experienced with the exam and the jet

pump failure at another facility was engaged to
supervise the 2nd inspection. The inspection was
completely repeated on jet pumps No 1, 6 and 15,

and the remaining portions of the inspection wvere
completed on the others. Nothing else of an unusual
nature was detected during the inspection. The
suspected cracks could not be identified. (emr)

32.  ADDITIONAL FW NOZZLE CRACKS .

o
Millstone 1 - Sept 75 - refueling/shutdown

See item IT1. 20 for previous information. During
reexams of the nozzle corners similar PT indicaticns
were found. The number of cracks found in the 2nd
exam (lyr after the first cracks discovered had
been ground out) was greater than the nuober found

in the original exam. The depth of the cracks was
about the same. The max depth of the cracks found
was ~ .5 in. The max depth of penetration into

base metal was ~ .25 in. Less than 50% of the cracks
found had penetrated the base metal. The cracks were
difficult to detect, even using PT because they were
easily plugged by oxide. UT from the external nozzle
circumference had not yet shown to be a viable
alternative.

The cause of the cracking was still believed to be
temperature fluctuations in the ncizle area. Because
of leakage around the thermal sleeve, the blend
radius area was exposed to temperature swings which
ranged from the hot saturation temperature of core
water to the relatively cold entering FW temperature.
» frequency of 1 Hz could be reached during those
swings. Although there was some uncertainty that the
cracking was due to leakage flow, the proposed "fix"
was based upon the assumption Yhat it was the cause.
CE believed that the nozzle aséz could tolerate,
without catastrophic failure, a through-wall flaw
under 1000 psig pressure and I00°F FW temp.

GE's recommended interim exam program was based upon
the determination of the number of cycles to reach
1/10 of the minimum metal path*Betwecen the point

at which the nozzle is tangent to the blend radius
and the exterior surface of the ##V. CE believed
that a welded thermal sleeve an® sparger, with
resultant zero bypass leakage, would be the solution
to the problem.

An estimated maintenance .time sus—ary was submitted
which was applicable to all BWRe with the sparger/
nozzle problem. An interference fit sparger design
repair would require ~ 12 days and ~ 530 man-rem of
exposure whereas replacement would require ~ 10 days

Comprrgtt @ Buvine Powne §ioms ivnes
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=M. = -ren of exposure. The welded-in sparpor
* reaulre =~ 70 days and 2000 man-rem
Alend radii indication grind-out
.re = B to 20 days and ~ 390 man-rem of
(cms ,cmt )

an !
derior u
of exparyey
woule ree
exposure |

33. Fw L.OZZLE CRACKS

Dresden 2 - Jan 75, Mar & Apr 76 - refueling
shuldown

See¢ lte= I1. 23 for previous information. Upon

PT of the nozzle blend radii in Jan 75 a total of

S 400 linear indications were observed. All in-
dications were removed by grinding. The max grinding
cavity depth from the clad surface was 1/2 {n. which
was equivalent to a depth of 1/4 In. into buse metal.
The crozs-sectional area of reinforcement ramoved

at the vorst grind location was 0.481 in.2

Scbsequent inspection of the FW nozzles took place
in Mar 7o. An underwater TV camera inspectior of
all & nozrles was done from inside the vessel as
well as UT from outside, utilizing a standard GE
procedure for the latter.

Additional exams were performed in Apr 76. A 2nd

UT was conducted utilizing the Breda rachnique

vhich sgain showed no repcrtable indications. PT
was alio performed on the accessible portion of the
lover half of one nozzle (240°F). The exam revealed
9 small linear cracks, the longest being 1/8 in. Of
the 5 inZications, 3 were located in the blend radii
of previous grinding. The 2 longest i{ndications
were ground out before reaching a depth of .07 in.
The remaining 7 cracks were not ground out,

In additicn te the PT inspection, UT of all &4 FW
nezzles was performed again using the technique
developed tv Catti. The inspection showed no in-
dications ¢f reportable magnitude. The results
provided furtlzr assurance that no significant cracks
existcd in the nozzles.

Only the l..c+ nalf of the nozzie was PT examined
because the liighest stress in the nozzles occurred

at the top - "o'tom; therefore, {nspection of either
one would provide data concerning the severe cracking.
It wvas esitima’<< that an additional day would have
been required to complete a PT of *“e top half of

the nozzle and 5 days and 18 rem to 32 men had already
been expended on the job. The UT using the Catti
technique provided assurance that no cracks had
Propagated into base material 1/4 in. on any of the
nozzles, and provided assurance that cracks were

not initiating in the root of previous grinding in
base material.

(R

Unit 2 experienced 19 start up/shutdown cycles between
the inspections done in Jan 75 and Mar 76. The total
nunber of cycles on Unit 2 was 120, It was their normal
operating procedure to minimize the number of start
up/shutdovn cvcles and minimize rapid temperature
thanges in the final FW temp. On the basis of con-
cerns related to the discovery of cracks in the FW
nozzle blend radii, GE and the utility were to review
operations curing start up and shutdown to identify
changes in ¢perating procedures which could reduce

the ragnitude of thermal cycles on the FW nozzles.

' See ftem II. 26 for initial infor-ation.

Fisitun pressurizatior ¢~ - v ool precdyes
brittle fallure with a po.t.. - tio men wall fiaw
were calculated for reactor v+ Preasures ire
cluding inservice hydro testin resiures, The

more conservative of the mini~u' prec.urization
temps determined from the calculatiaons or the Tezh-
nical Specs was to be used for inservice hvdro
testing.

Additional testing of spargers and nozzles was to
be performed In late 1976 or early 1977 during a
snubber inspection outage. (emv, cow, cmx)

34.  FW_NOZZLE CRACKS

Monticello -~ Oct 75 - shutdown

During the Sept 75 outage, a crack was found in one
of the 4 FW spargers while performing an inservice
inspection. They elected to replace all & spargers
with spargers of a more advanced design. 1In the
process of removing the spargers, cladding defects
were observed in all & of the reactor vessel 'FW
nozzle corners. PT of the nozzles indicated the
presence of ~ 180 cracks. The cracks were "tight”
with some cracks penetrating as much as 1/4 if. into
the nozzle base material. The crachs were aftri-
buted to thermal fatigue of the cladding cauvsed

by FW temperature oscillations at the reactor
vessle nozzle penetrations. Oscillations of 100°F
wvere estimated at the reactor vessel nozzle corners.
The installation of the new spargers, which had an
interference fit with the “as lct" nozzle, was
expected to reduce the by-pass FW flow,

which appeared to be the major cause leading to
cladding defects. -

Repair of the defects consisted of grinding out the
cracks. In some instances it wa: necessary to grind
into the base metal to remove defects that had
penetrated as much as 1/4 in. intc the base metal.
PT was repeated after repair to ensure that all
defects had been removed.

Confidence {n the repair-replacement work was en-
hanced by amending the PT procedure to increase
mininum penetrant and developer cwell times, removing
"tired" material from the outer 1/32 to 1/16 in. of
clad surface and machining the thcermal sleeves of
the replacement spargers to final interference fit
dirension rather than sizing b, cold-wvork: expansion.
A total whole body dnse of ~ 473 =an-rem vas dis-
tributed over ~ 450 individuals during the sparger
replacement. The highest indivicual®fose was

~ 2.5 rem. The initial max raZiaziom levels in

the work area were ~ 7 R/hr. (cmf,div)

h 4
-

-

5. CONTINUATION OF ITEM I1.

2f

Cooper - Oct 75 - shutdown

During
the outage, all 192 fuel bundles sdjacent to the
in-core instrument and source tules were removed
and the fuel channels were i cted to determine
the magnitude of the wear couscd by the in-core
tube rubbing and/or impacting azainst the fuel
channel corners. Of the 192 channels inspected,
125 chanrels or 65% of the total inspected were
considered rejects. The rejcct ct.arnels were re-
mcved and new channels installed on these fuel
bundles. The channel wall was perforated on &
of the channels.



)

* (me perforated channel containe. s s; o th

corner 27 in, in length, several bran.: cracws

sand a plece missing leaving a hole in tne side of

the channel of & size ~ 1 in. by 1 1/2 In.  The plece
of channel was located in a position flat on the core
plate between the fuel support castings at a Incation
previously occupied by the fuel bundle. The piece
was retrieved using an underwater vacuum cleaner.

Another chammel contained a split in the corner
~ 23 in. in leng®h with several branch cracks.

The 3rd channel contained a split in the corner ~
21 in. in length, several branch cracks and a piece
missing leaving & hole in the side of the channel
of a size ~ 2 in. by 3 1/8 in. The plece of channel
was located in a position on edge on the core plate
between fuel support castings at a location pre-
viously occupied by the failed channel. The plece
appeared to have droppad directly down from the hole
in the channel. The plece was retricved using a
special tool designed and built for removal of the
plece.

The 4th channel contained a split in the corner

~ 26 in. in length, several branch cracks and 3

pieces vere missing leaving holes in the side of the
channel ~3 1/2 x Sin., 2 x 5 in. and 1 1/2 x 1 3/4 {n.
Two of the missing pieces were locited and removed.
The rensining missing plece came from the channel

hole ~ 1 1/2 x 1 3/4 in. Forty fuel bundles had

been removed and/or were removed in the area felt
most probable for finding the remaining missing plece.
The entire area was carefully scanned by 2 independent
inspection teams using an underwater TV camera.
Neither team could locate the missing piece. A
special crevice device was also used to vacuum around
the 9 fuel support castings that had been vacated

by the removal of fuel bundles. The piece was not
located or retrieved.

From an evaluation of the hole size in the channel,
it vas believed that the missing channel piece vas
~ 0.08 in. thick and roughly the shape of an {so-
sceles triangle with a base of 1 1/2 in. and an
sltitude of 1 3/4 in. The area of the channel hole
wes 1.8 in,2, It was felt that the missing pilece
wis located on the core plate. However, since the
m'ssing piece could not be located, CE was requested
to evaluate the safety implications of the missing
channel piece r.maining in the vessel. Their eval-
vation concluded that the 2 areas of concern were
interference of control rod insertion asnd blockage
of coolant flow to a fuel bundle. 1t was highly
unlikely that the missing plece could prevent in-
sertion or scram of a control rod. Control rod |
insertion and scram checks would provide an indication
of the problem {f one did occur. With respect to
blockage of coolant flow to a fuel bundle, it was
highly unlikely that the missing pilece could

attain the required attitude, stay in the required
flow velocity paths and continue in a flow stream
such that the piece could get below the core plate
and be avallable to block coolant flow to a fuel
bundle. In the event the piece did complete such

s path, GE concluded that no significant fuel damage
would result., 1f serious fuel damage did occur,
main steam line radiation monitors would scram and
{solate the reactor. (cn))

The lower tie plates of all FA's were to be drilled
during the Fall 76 refueling cutage. (eit)

Vool Bume,
11, heactor lu..,
- p. 23

36. FAILED JET PuMI PIZTRAINER TACK WTLDD

Pllgrim ! « Mar 7¢ == refueling shutdown

VT of certailn reactor vessel interior surfaces with
integrally welded internal supports revealed that 9
jet pump restrainer bolt keeper tack welds had
separated or 8 jet pumps.

The separations were the result of a small amount of
vibration. There was no indication of restrainer
bolt keeper rotation. There was no structural
degradation of any other part of the jet pumps or
reactor vessel components. Since the restrainer

bolt did not move and there were no other components
affected by the separations, the probable
consequences of the event were considered to be
oinimal (or nonme). \/

A sioilar faspection of the jet pumps was also
performed during the 1974 refueling outage. No
indications of reactor vessel jet pump restrainer
bolt keeper tack weld degradation were noted during
the 1974 inspection. A video tape af 8 jet pumps
vas also made concurrent with the 1974 jet pump
inspection. A review of this videatape was performed
and no anomalies were observed.

The preload of a beam bolt was checked at Dresden 2,
and found to be acceptable although Dresden 2 also
had falled restrainer bolt keeper tack welds and had
no indicatinos of major jet pump vibration. It was
therefore concluded that tack weld separation was
uorelated to preload on the beam bolts. The tack
welds of the reactor vessel jet pump restrainer bolt
keepers were re-established. (cqf)

37. OPERATING PROCEDURES REVISED TO LIMIT FW
TEMPERATURE TRANSIENTS TO MINIMIZE THERMAL
CYCLING IN FW NOZZLES

Dresden 2 - 1976

A special study was initiated to determine the
corrective action neceszary to minimize the FW
nozzle crack problem (see {tems I1.27 and 33).

It was determined that the probable cause of cracks
{n the FW nozzle blend area was thermal cycling

of the S5 cladding. Since the thermal expansion
characteristics of the :laging and carbon steel
base cetal were different,®high stresses could
result during thermal :transients. Eventually,

the stresses initiate and further propagate cracks
through the clad and intc the ferritic base metal.

FW temperature data for the last fuel cycle was
selected for review. The laggest FW temperature
changes ( > 100°F/hr) occurred during plant startups
and shutdowns. Out of !5 st@tups during the fuel
cycle, there were 17 startups that had recorded

at least one > 100°F/hr - event. All of the 18
shutdowns during the cycle had at least one instunce
of 100°F/hr change in final FW temperature.

-
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< noztle tempevature also undervent significan:
ransients during @ “flood-up” of the gesctor vessti.
uring this operation, level was brought
rapidly to the main steas lines, then slowly

lines were filled after which the
Level was ralasd rapidiy up to the reactor vessel
{lange, the only limit being the shall to flang*

3T limitation.
through the startup regulatiog line
cycled (open and closed),

from reactor heat and then cooled from the colder
f¥. This transient operation caused
swings, the avE rate beirg 280°F/hr with an aVE tenp-
erature change of 94°F. After evaluating the dats,
it was concluded that the operations which had the
greatest affect on final F¥ temperature vere cutting
in snd out F¥ heaters and flooding the reactor
vessel.

To investigate & nossible method for limiting iioal
FW temperature changes, & special operating Pre”
cedure vas prepnxcd for cutting {g FV heaters. This
procedure directed the operator to 1imit the final
U temperature increase toO 100°F/hr. This rate of
{ncrease Was controlled by siowly opening the
extraction stean valves and fioal F=
Lemperature. This procedure
of change of the final FW temperature to 320*
during cutting in of the lst set of FW heaters anc
to an overall change of 80°F/hr over ™ 1.5 hr.
During previous startups, it wvas found that heat=up
rates of ™ 400-500°F/hour with 90°F temperature
changes were common.

The changes {n F¥ nozzle temperatures expcrlcncod
during a flood-up of the reactor vessel were revieved
to deternine po-ulblc opctnttonal changes to cin-
{mize these transients. In light of the reactor
vessel te °? AT design lisits specified {n the
Tech Spec-s -- _ypeard that the method p:cviously
descritzd of rupld tlooding in steps was the only
The number of flood-ups was to
practicable. (csq)

-
MR

pr.Cllcol e ssi0d.
be 1imitad 20 t's mxtent

GE Service 1%y, ation Letter No. 208 provided
additional ©.:°= ~endations for minioizing FW nozzle
thercal cyel! 8. on-off cold v flov cycling at low
power operativn was one of the major contributors
to F\ nozzle thermal duty. When the Fw was off,
the nozzle heated up tO reactor teczperature (~550°F )
and whed the FW wvas turned o, the nozzle cooled to
FW flow temperature (~100°T). This cycling could
be minimized on plants with an autcoatic lov flow

| ) contxol valve by the pruper use and malntenance
of this valve. On plants without autooatic lov
flow valves, v was cecormended that such valves

be added. pypassins stean to the condensel, should
be considered Jhen ot 1ow pover (provided that the
condenser Was avallable), 1{ required to keep the
ate high enough to be controllable (1.¢.0
von-of " behavior). Cperators should also
he F¥ flow valves and controllers and
and drain systen valves and con<
ined in » condition to achieve
uality syste® pcrlormancc. Excessive leakage in
fd flov control valve often required

v pump start/stop operation for low flov rakeup

rcqultcﬁenln.

also the
trollers were

s Onetoting for jong nerT
© gecperature should al:
Perform tiw
at the Tech Spec et of
the

hesters 1o service as s0ev
cleanup return ¢rrouzh the F¥ line,

AWR's having

maintain the RWCU system

when operating ot low power.
would mix with the cold Fa tesuy
temperature at the TV nozzles.

st hot standbdy, consider
rated temper
120 psig)-

{nto service,
densate water
the

piping prior

5) When
return, if

38.
XTENSIVE REFAIRS

Oskar shamn 1 - susmer 74

See item 11.29 for additional information.

e ° g -

total time at low pov"? . Flace the v

ature and pressure
placing w

in the pipiog
condenser via minioum
to resctor vesse

\ow FW flow/’
This could be
- vessel heat-up
vroand minimize

-

s possible. 3) For
at cax flow, and temperature
Tae warm RWCU flow
lting in higher ™
wWhen holding }
opcrutln; st
(e.8-
heaters and pumps
po:stblc. the colder con~-
snd heaters back to
flow or flush returm
1 ln)ccttoz.

diy)

!!!EIOOS CRACKS IN PV SPARGER REQQIR[D \
1
|

inspection af the reactor {uternals revealed » caack

{n the FW sparger.
number of cracks.
s continuous ring
reactor downcomer, about
core, serving to distr
reglon. The FW enter
the bottom
riser pipes

The dose rate {n the reactor service room rangec up
100-300 mren/hr.
for moving the 1ead vorking cage was

to a level of ~
control station

Further investigation
The damaged sparger consisted of
located at the upper end of the

level of the vessel,
to enter at the

2iyuiged 8

0.7 = above the reactor

{bute the IW uniformly in this
s the RFV through &

nozzles near
flowing vp through &

pottom of the sparger.

Therefore the

arranged on the floor below the reactor service room

using » transport
resctor service
cage.

from the control station

spening of the
room crane was used to carry the
All movements of the cage vere

building.

lead
controlled

and supervised by TV-cameras.

The cage was "uipp’d with telephone, TV monitor,

electricity,
wo.-king in the cage.
of the TV pictures vere
operator

fresh air etc.

Conversation and all vital parts
recorded on tape.

was able to observe

Normally two men were

the working ares and

handle the equipment outside the cage by using 2

glove boxes on the cage.

To remove the
6 T/C tubes,

FW sparger

and plpes, modified stan
cutting the W ring, & P
ment was developed. The
with a sludge extraction

was pc:(ornod under water.

s full scale model of »
Testing of
vater. Training of pers
using & full scale model
was

The core grid protec

by & SS cover

radiation level in the ¥

the water level was kept
special ingots

* tured and fitted to the

6 riser piprs,
to cut the sparger ring into
special tools were developed.
dard

plasma cutting was Pe

covered with a SS

’.'“ -

tirg

¢ parts. A aumber of
For cutting 1/C tubes
tools wvere used, For
lasza cutting robot equip=
robot also was |upplc-nntod
device. Tbe entire « ting
The tools were testea in
secticn of W ring.
fogned also under
onnel was carried out by
of the cage.

ted aga
To redu
orking area ins
as high as possible.
sheet were manufac~

{ront of the cage.

—-—-w-
.
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Fenigh of the v : A « aged e
& «ate seymrnts,  An Aautor o ) ~athine
v~ . s+loped to reduce the raci. .° 7 Jre of the

.n7 fumes
**e wrtive

onsrstor's arms. Extracting of =+ w=l
was performed by a fan connected t
reactor building ventilation sveten.

With a low water level, the radlation cose rate in
the pressure vessel 25 cm above the cocre yrid sheet
vas 12 rem/hr. By the above mentioned rmeasures the
raliat’on level was reduced to 1.5 rec/nr at the
operator’s hands outside the cage. Tne max dose
rate inside the cage was 10 mrem/hr, although the
norc=al level was 1 mrem/hr.

The prolongsticn of the susmer shut down amounted to
~ & 1/2 mo. Only 1 1/2 mo were used inslide the
RPV. Preparing of tools, methods, shieldings, etc.
before the first cutting, demanded 2 no and clean up
inside the vessel 1 mo. The total nucber of man-
hours required was sbout 74,000. About 120 men were
directly engaged in the replacing of the FW sparger.
The total full body dose tu 107 persons was 43,000
orem. The max hand dose was 3360 mrem and the mean
value of the most exposed hand was 1460 mrem.

(cyq)

3. POISON CURTALR VIBRATION DAMAGED FUEL CHANNELS

M A e e e e,

Muhleberg - Aug /3
Vermont Yankee - Oct 73
Pilgrim - 1%73

See item 1.12

40, FW NOZZLE AND SPARGER CRACKS

-

Humboldt Bay 3 - July 76 - refueling shutdown

An inspection of the FW nozzle was performed uti-
lizing underwater TV. This inspection consisted

of vositioning the camera to view most of the cir-
curfe--nce of the nozzle as well as the thermal
sle... ot the point where it enters the nozzle.

The results of the inspection revealed the presence
of crecking in the thermal sleeve wvhere it enters
the ¥ nozzle. The cracks extended ~ 3/% of the
circunference of the sleeve. In the region of the
7 10 9 o'clock position on the thermal siceve

(when viewed from the center of vessel) there

vere several cracks which had resulted in the loss
of ~ a 1/4 in. by 1 1/2 in. portion of the thermal
sleeve. The thermal sleeve to sparger Ting weld-
cent was examined and resulted in the Ziscovery

of a rrack extending ~ S0% of the circu={crence of
the weldment. The vessel nozzle transition blend
radius area exhibited several (3 or more) crack
{ndications in the vicinity of the hole in the
thermal sleeve.

The FW sparger ring was also examined snd several
cracks were observed radiating from the distribution
boles on the sparger (max length ~ 1/4 in.). These
vere assumed to be from thermal fatigue with no
further growth expected. Two of the &€ FJ sparger
support clamps (opposite the side of the thermal
slceve) were observed to be tilted adbeut 10°,

bui no cracks were found.

1i. Reactor In:.

P o

Two repalr possib o atie. faing canaldered wore ir-
stalling a new sparprr/therral sleeve design bein,
developed by CE or re=avin  ihe sparger from the
vessel and replacing the thirmal sleeve, grinding
the nozzle area and returning the sparger to the
vessel. (adl)

. °*

4l. LOOSE JET PUMP RESTRAINER CLAMP BOLT KEEPERS,
BROKEN TACK WELDS - VIBRATIONAL FATICUE CRACKING

Dresden 2 - Mar 76 - refueling shutdown

During jet pump inspection, loose restrainer clamp
bolt keepers were found on 19 of the 20 jet pumps.

Of a total of 40 keepers, 30 were found to be loose

as a result of broken tack welds. These keepers

wvere tack-welded to the restrainer assembly to ensure
that the gate clamp bolts remaifned tight. Immediately
after this inspection, a tension test was per formed

on one of the jet pump hold-down beams to determine
whether any further slackening had occurred. The
hold-down beam tension was found to be 3850 psi; L
the minimum acceptable tension was 2500 psi.

The original restrainer gate assemdbly and clamp bolt
keepers from jet pump No. 5 were sent to GE for
analysis. Each restrainer assembly was found in its
proper position, with both clamp bolts fully tightened.
The keeper failures had no effect on jet pump operation
Broken tack welds on jet pump restrainer clazp

bolt keepers had been found on 2 previous occasions.

In a report entitled “Lat Exam of vJet Pump Restrainer
Assembly from Dresden 2," GI stated that the keeper
tack weld failures were prcliBly caused by vibrational
fatigue cracking. It was coaectund that, with

a single tsck weld, the keeper tended to be lifted
off the gate surface as tne fesult of weld shrinkage.
With the keeper thus supported by the weld, jet pump
assembly vibrations induced the keeper to vibrate,
ultimately fatiguing the veldi.

As corrective action, GE rccoggknded that 2 tack
welds be placed 180* apart on h keeper. By
securing the keeper in this mahner, what was termed
the "point support mode™ would be eliminated, ac-
cording to the report. Thus the originai objective
was to reinstail the keepers with 2 tack welds

180* apart. However, difficulties were encountered
in operating the welding cquipzent, in obtaining

s suitable welding arc (ground), and in seating the
keeper rims. Furthermore, there did not appear

to be sufficient sccessible kecper rim material to
permit the placement of 2 diametrically opposed
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is «*..s. Berause of these conasiderations, ti-

ler e=e” keepers were revelded to original spec,

L.t . ene tack weld per keeper. These welds were Lo
Lt irs-ected during the next refueling outage, and
€' re-eo~mendation would be considered after thi:
tnerection. (dixr) -

42, CRACKED FW SPARCERS AND NOZZLES

Quad-Cities 1 - Jan 76 - refueling shutdown

PT revealed cne indicatiom of cracking on each of

2 spargers. The test was being performed upon re-
quest by CE, which was concerned over the occurreace
of cracking in several FW spargers of the design
utilized in Quad-Cities 1 and because of the cracking
proble=s found previously on the spargers in Quad-
Cities 2 (see I1.25).

On the 60° FW sparger, there was a 1 1/2 in. linear
indication which propagated through the junction
box-te-thermal sleeve weld, On the 150° sparger,

a 2 ic. linear indication which propagated through
the junction box-to-thermal sleeve weld was located.
The linear indicaticns were interpreted as cracks
and the inspection was terminated. A work request
was initiated to replace the spargers and to inmspect
the F« nuzzles.

Followirg the removal of the old spargers, PT was
conducted on the inner blend radius of the FW nozzles.
Numercus linear indications were observed on all &
nozzles. The majority of these indications were
segregated on the upper half of the nozzles. The
indications averaged 2 in. in length, and the length
of the longest indication was 3 in. These cracks
were zround out. On the 60° noz+le, 2 grinding areas
protruded a max of 5/32 in. inte the base metal. On
the 152° nozzle, all grinding was confined to the
2124 =zral. Ouo the 240° nozzle, one grind area
vioiruced 1/8 in. into the base metal. On the 330°
nozzie. 7 eri-2ing areas protruted a max of 1/8 in.
inio tae haee aetal.

The cause of ‘i3 event was attributed to fatigue

#% .. 79 e«~sroers caused by flow induced vibration,
and cc=pour~d by atresses induced by the thermal
gradio=tyg ir' -t between the FW piping and reactor
vessel interzals. Leakage between the sparger and

the F» nozzl. ..atributed sigonificantly to vibraticn
of the spargur assembly and also i{mposed thermal
sires:es on the nozzle. The new spargers were
Cesiyme2 with an interference fit to eliminate leakage
ard thus reduce vibration and thermal induced

stress cycling. The new spargers were to be inspected
durizg their next refueling outage. (dnm)

M.
N
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€3.  PADIATION SNIvoul
I% NFLTRON &0 - L .

BEAYLLILY Cin. 1 ot

Big Rock Pt. - Mar A Juns Te - refueling shuter o
Because the analysis of a crud samnle ohtained during
the 1973 refueling outage indicated a2.99% berylliur
oxide content, an inspection of the initial veutror
sources was performed in Mar 74. The attempt to
remove the source assemblies from their channels

vas initially unsuccessful. Only the upper portion
of the cylinders and the antimony pins came out. The
beryllium-containing cylinders had expanded to the
extent that they could not be extracted and were
subsequently removed with the channel assembly. The
channel . sere noted to have large cracks in the middle
where the beryllium cylinders were located. Both
sntimony pins were removed and VT with no anomalies
observed. Ome beryllium section was removed from

{ts SS cylinder and was found to be grossly expanded
and oxidized.

The failure of the beryllium-containing cylinder

was attributed to excessive intermal pressures, the
subsequent breach of a weld allowing water to enter
and resulting in the formation of an oxide accompanied
by further vol expansion. Because of relatively
close tolerances, the swelling of the cylinders. im-
posed lateral stresses on the source channels fesulting
in their failure. A limitation on the designilife of
this type of neutron source was the pressure buildup
from helium and tritium gas formation from the (N, «)
and (N, 2N) reactions between the fast neutrons and
beryllium. This pressure buildup, caused by prolonged
use of the beryllium cylinders, might have been
assisted by stress corrosion cracking of the 304

SS cylinder.

The SS source channels were replaced by Zircaloy
channels. New beryllium-containing cylinders were
also inserted, each containing an old irradiated
antimony pin and one with & new unactivated antimony
pin. The old antimony pins were to be removed when
they could be replaced by the irradiated new pins.

In June 74, many loose pieces of material, presumed
to be beryllium oxide, were observed in the reactor
vessel and small pieces were noted lodged among fuel
rods of several bundles. All vessel internals (fuel,
channels, control rod blades and incore monitors)
vere removed to facilitate thorough vacuum cleaning
of accessible portions of the reactor vessel. All
fuel bundles to be returned to the reactor vessel
were cleaned with a water jet. Wedged pi€cCes vere
dislodged with special tools. The new ne . tron sources
vere to be Inspected during each rc(ﬁglln; outage

to insure integrity. - (¢nd)

-

BROKEN NEUTRON SOURCE ASSEMBLY, PIECES IN CORE

Millstone 1 - Oct 76 = re(uelll&ishu!doun
While performing a neutron scurse ass ly inspection,
with all the fuel removed {rom the reaftor, a neutron
source assembly was found to be broken. Efforts
were made to retrieve the broken source assembly and
to locate pieces that were identified as missing. A
majority of the broken scurce assembly was removed
from the reactor and the remaining materfal identi-
fied. This material consisted of a 7 in. dla,
hollow SS tube, with a .020 in. wall thickness and
an inoer beryllium sleeve, sheathed in SS with the
center portion filled with antimony. The total
length of the material was cstimated to be 76 in.;
38 in. of the .7 in. dia tuding and 2, 19 in. source
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i : in, dla. An undeterrs .t vt of this
¢ v r.a) 29«10 be seen on the lower surport
plate. 1n addition to the lower core s.pport plate
inspections, the guide tube areas of tne control

rods in ihe ares around the broken source were also
tnspected. One plece, apparently a broken section

of the source pin, was located in » control rod

gulde tube,

To preclude the possibility of the & other neutrom
source assemblies breaking spart, they were replaced
along with the broken neutron source assembly with
nev neutron source assemblies. The exact failure
mechanism of the neutron source assemblies was not
known. 1t was slso decided to increase the survell-
lance on the 16 control rods in the & by & array
surrounding the broken source assembly, The normal
weekly surveillance of moving esch non-fully inserted
control rod one notch, in both directions, was to be
increased to dally, for the 16 control rods im ques-
tion for 1 wk of full flow operation, (dwp)

L5, BROKEN JET PUMP RESTRAINER CLAMP ROLT KEEPER
TACK WELDS

N3
Dresden 2 - Sept 77 - refueling shutdown

During an inspection, Jet Pump 94 outboird restrainer
clamp bolt keeper was found with a broken tack weld.
Tack welds on all other keepers were intact, with

each rcstrainer assembly properly positioned and both |

clamp buits in place. Keeper tack weld fallures

were at:iributed to vibrational fatigue cracking. v

Jet Poms. 04 outboard keeper was revelded with 2

tact so.'ds ~ 18N° apart. This would ensure that the
keep - ~uld not be lifted off the gate surface

dur . ~eration. Similar problems wvere reported

in 12.2° and 41. (edu)

L6, Fw SPARGER AND NOZZLE CKACKS

browns Ferry | « Nov 77 - refueling
Srunswick 2 <« Fall 77 - refueling
Dresden 2 - Sept 77 « refueling
Hatch 1 « Mar 77 - refueling

Peach Bottom 3 - Jan 77 -« refueling
Peach Bottom 2 - Apr 76 - refueling

At Browns Ferry | the FW spargers and thermal sleeves
vere removed from all 6 FW nozzles. Machining to
remove the cladding and heat-affected base metal

from the notzle was initiated. The Interim spargers
vere procured and were to be installed.

GE had rcplaced the Brunswick 2 FW sparger with

one of a slightly different design. The original
installation involved use of a sparger with over=
size orifice holes. To correct the condition,
orifice plates with the proper diameter holes were
tack welded over holes in the sparger to give the
proper flow. [Exams of the sparger during the

Val, Te%se;
£3+ Reartry v°
p. 27

Fall 77 refuelin, s' wed that s=veral of the ta.
welds had cracs: ./, thus the sparger was to be re-
placed. L

At Dresden 2, UT was performed on the FW nozzle

in Sept 77, There were no recordable indications
found in the & nozzle bores, Ome recordable in-
dicstion was found in the imner vradii, This in-
dication was found in the 240° nozzle with sn 807
FSH amplitude and determined to be from a deep grind-
out cavity left from the 1975 outage. In additiem,
all & FW gafe-ends and their associated welds vere
UT and found to be acceptable.

1o Oct 77 the 240° FW sparger was removed. The

240°* nozzle inner radius and bore, as well as the
sccessible areas of the other 3 nozales, were
clesned with a cleaning solution and very fine
(120-180 grit) flapper wheels. The subsequent

PT revealed 9 linear indications im the 240° nozzle.
There vere no indications found im the accessible
areas of the other 3 nozzies. Two of the 9 indi-
cations were found in the ipner blend radius at 5°
and 30* snd were 5/16 in. in length. These were
located in the bottom of previous jrind-outs, but
were completely removed during the lst clganing of
that area with 180 grit flapper wheel. The other

7 {odications were iocated in the nozzle bore. They
were situated a distance of 5 to 8 inches into the
bore at ~180° pozzle azimuth and from 1/€ to 3/8
in. long. Six of these indications were removed

by recleaning with the flapper wvheel. The receining
indication, the only one which required grinding,
vas less than 1/16 in. deep. The UT and PT indicated
that the interference fit, forged tee spargers had
been effective in reducing thermal fatigue cracking
as evidenced by the significantly smaller crack
depths than would be predicted by generic crack
growth models. Drescen 2 had experienced a total

of 3% start-up/shutdown cycles since the last com-
plete PT anéd grinding of the inner radii in Jan 75,
The interference fit of the 240* sparger thermal
sleeve had remained intact as evidenced by the dif-
ficulty with vhich the sparger was removed and
confirmed by measurc-ents taken of the sleeve dia.

Inspection of the FW spargers at Hatch 1 tevesled
at least 1 fine hairline crack emanating from a
hole in one of the junction boxes, = Several visual
indications which were possibly cracks in the
periphery of the flow holes were observed. As a
result, they decided tc replace all & FW spargers.
< (eal,eam)
During the lst refueling at Peath Bottom 3 in Jan e
an external UT was performed om all 6 FW nozzles.
UT reflectors requiring further Jnvestigation were
found on 2 of the nozzles (the "D" and “F" nozzles).
The IV spargers associated with the "D" and "F"
pozzles were removed, the nozzle-surfaces vere
flapper wheel cleaned, and PT was performed. The
PT showed &4 rinor indications onghe "F" nozzle,
No indications were present on the "D" nozzle.
The indications on the "F" nozzle were removed by
1ight grinding and did not penetrate the cladding
into the base material. VT of both nozzles showed
evidence that a metal to metal fit was still rain-
tained at the time of sparger removal (a full cir-
cunferential bané of uvnoxidized metal was visible
{in both safe ends). Foth spargers were reinstalled
with an interference fit per the recommendations of
GE. UT subs-guent to the removal of the surface
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indications showed that the reflectors had not neen
removed and their characteristics were not chonped,
Most likely these indication: were in the clad dond
irterface. Fven 1f these reflectors were physical
discontinuities, 1t was highly wnlikely that they would
propazate due to therzal cyclizg.

Actions had been taken to mitigate the FW nozzle
cracking., The startup procedures had been revised

s0 as to provide increased turbine bypass flow to the
condenser during vessel heatup thus providing contin-
uous FW flow during the startup interval. An auto-
matic level control system was installed during the
outage to position the 3 in. bypass valve which
¢untrolled condensate delivery to the reactor vessel
prior to startup of the turbine-driven reactor feed
pumps. As pressure increased and the bypass valve
spproached full open, a reactor feedpump was placed
in service with its speed being automatically con-
trolled via reactor level and its discharge valve
throttled via operating procedure. The bypass

valve control system and the feedpump operating
procedure had eliminated batch feeding of condensate
and haé provided conticuous FW flow thus minimizing
the anumber and magnitude of FW temperature cycles.

CE concluded that ino light of the results of the
nozzle exam and considering that there had been only
7 startups since the refueliog outage (42 prior to
the outage), there was no undue risk in deferring
nozzle surface exams until 1979, sssuming no un-
acceptable UT indications were found in the 1978
exams,

At Peach Bottom 2 {n Apr 76, 143 total indications
were detected on the FW nozzles using PT. The Fw
nozzles were recleaned using a flapper wheel and a
ind PT was performed. A total of 42 indications
were cbserved. The decrease in total number of
indirations was attributed to the fact that the
rainrity of 1~dications were surface defects in the
ci*~ding end cou'd be removed during the flapper
whee! cleaning process, prior to the 2nd PT. The
Jrc indicaticns were recoved by grinding. Omly &
All 7 Llise metal penetrations occurred in
the {7-er bi®rd radius, or in the bore, very close
to the blend radius-nozzle bore tangent point.

The deepest pen~tration into the base metal was
1/8 ia. (eal,eam,ego,egr,egs,egt,eif)

T ACDITION TO I1.26 - LPRY VIBRATION -
FUEL CHANNEL WEAR

brunswick 2 - Spring 76, Fall 77 - shutdown
& refueling

1n Mar 76 they shutdown to investigate possible
fuel channel damage as reported in item II,26.

The prozram entailed the borescope inspection of
17+ »f the 192 channels adjacent to in-core mon-
ftors during operations, (Bundle BR 444 which was
droppea was not inspected for channel wear.) The
inspection results showed no through-wall wear on
any channels. Eighty-five charnels vere rejected,
This placed the rejection rate at 44,57, although
only 19 channels (10 kad calculated wear > 507
penctration., There were 88 channels (46.17),

which were acceptable for future use in the reactor
within restricted locations. Fourty-seven of these

O 4.

.le+ fc+r tne continued

cmen charnels had no

future s, - (

The last part of the (7 «clution for reducing the
LPRM vibration proble~: required drilling holes in
the lower tie plate of the reload fuel. The new
fuel had already been ¢rilled prior to receipt on
site. The drilling was performed in the Fall 77
underwater by burning holes through the tie plate
with electrodes (E.D.M. technique). Once the holes
were burned the assembly was moved to an underwater
inspection stand where both the inside and outside
of the holes were VT inspected for acceptance, The
electodes were replaced after completing drilling
runs of about 20 bundles. At the beginning and end
of a drilling run, a set of holes were drilled into
s replaceable blank in a dummy FA. The FA was
1ifted out of the water and the blanks removed and
inspected again,

channels were o' o
cycle of operat!
restrictions on

Equipment set up was begun by GE ~ 10 days prior to
when the drilling operation began following refueling.
The drilling stand and inspection stand were located
in the fuel pool with the power supplies and ceatrol
equipment along side on the floor. The equipment was
checked out by drilling holes into a discharged® FA
from the resctor in adéiticn to drilling holes®in

the dummy FA. -~

Originally 22 days were scheduled for drilling which
was to be done in parallel with the fuel sipping
and invesse! work, Due to the problems encountered
of having to repair some core spray elbows in the
resctor vessel the invessel work required much longer
than expected and the drilling never became critical
path, In spite of repeated drilling equipment ((
fallures and some support equipment problems the -
drilling was completed in 21 days and 19 hr, only
3 hr more than had been scheduled. About 65 hr were
lost due to problems with the drilling equipment.
The servo valves caused the most trouble, but pro-
blems were also experienced with the power supplies
and cables. CF had as cany as 5 power supplies on
site either in repair or in operation and flew parts
and equipment in trying to maintain the schedule.
(eur,eus)

4

FW SPARCER CRACKS >

Cundremmingen = Mav 76 - refucltng;i""’

Inspection of the vessel internals reyealed cracks
in the FW spargers. i=s showed that it was
necessary to replace both spargers with new compon-
ents made of less crack sensitive steel, The cracks
were formed by intercrystalline corrosion in material
close to welded joints, Because of high radiation
levels inside the vessel, the work of replacing
the spargers was carried out as deep as possible
undervater by divers in a2 protected “diypr lottle™.
The preparatory work such as procurement of material,
fabrication and assembly, shielding, preparations for
undervater plasma-cutting, etc. accounted for a
large part of the repair apart from the actual
replacement operations. The entire cperation ex-
tended the outage by ~ 2700 hr and resulted in n8.1
man-rem to 89 men. The replacement effort was
similar to that performed at Oskarshamn 1 (see I1.35),
(cyq,euu,evo,evp) (
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Brunswick 2 - Fall 77 =« refieling

See 11,46 for previous infa, 71:« FW spargers wvere
of the "junction box™ desizn wi!:* a S5 thermal
sleeve. During installation, the FW sparger thermal
sleeve was expanded ~ 005 in, cversize and jacked
into the FW nozzle, The flow holes on the original
FW sparger were initially drille¢ oversized due to
a design error. To correct this problem, orifice
plates were tack welded into the incorrect FW
sparger flow holes. In the spring of 1976, the FW
spargers underwent VI. This inspection revealed
several cracks on the flow hole orifice plate tack
welds., Weld repair of these cracks was attempted but
was unsuccessful,

FW spargers with forged tees and Inconel thermal
sleeves were ordered from CL., It was decided to use
Chicago Bridge and Iron "as buil:™ vessel curvature
dimensions for the FW sparger instead of wusing a
template in the vessel, This saved ~ 3 to &4 days
critical path time and personnel exposure. The

RPV was hydrolased with 6,000 psi water, The
hydrolasing was successful and recoved almost all

of the red oxide. An invessei work platform supported
by the cors shroud was installec. Lead blankets
were hung over the vessel walls and laid over the
core spray header to reduce the radiation exposure,
The general area radiation in the RPV was 400-500 =R
after all shielding was installed. All & spargers
were removed without any difficulty. They had
extremely tight fits in the nozzle and required a
special jacking device for removal, After removal,
each FW sparger was given a VI. This exam revealed
no indications except the flow hole orifice tack
welds. -

’

/
The FW sparger brackets were given VT and no indi-
cations were found. Each FW nczzle was prepared for
PT by surface grinding with flipper wheels., A
special FW nozzle mock-up was used to train each
grinder prior to working in the vissel. The FW
nozzles were then PT examined. The extent of the PT
was 3J60° around the blend radius and nozzle bore.
The entire blend radius from the vessel shell to
nozzle forging weld was included. The nozzle bore
was examined up to the cladding/base metal inter-
face., The PT was done ir accordance with the require-
ments of the ASME code. Interpretation of the PT
exam was made at least 25 min after application.

The 45° FW nozzle had 12 indications, the 225° FW
nozzle had 5 indications, the 135° I'W nczzle had

7 indications, and the 315° FW nczzle had 3 indica-
tions. All the indications were small, hair-like
and < 1 in, long. They were all rezoved by light
grinding without entering the base metal. FW
nozzle leakage land diameters were taken with GE's
dial-a-bore. The FW sparger thermal sleeves were
then machined .010 in, larger than their respective
FW nozzle and welded to the spargers. For installa-
tion, the FW sparger thermal sleeves were chilled

in liquid nitrogen and inserted into the nozzles.
All spargers were installed without any difficulty.
Total task time was 162 hr. (eus)

$al. I «?
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50. CPACKLY CO:T Sp~AY SPARGER

Oyater Creex - Oct 78 - refueling

While performing ISI inside the reactor vessel, an
indication was discovered on thé core spray sparger
for System II. Tne core spray sparger consisted of
3 1/2 in. schedule 40 type 304 SS pipe formed in

2 semi-circles held in place vith brackets attached
to the core shroud. Nozzles were welded into the
bottom of the pipe about every 5 in. to direct the
flow of water directly on the fuel bundles in a pre-
established pattern. The circumferential crack

(see figure) wvas ~1/32 in. vide at its widest point
and extended ~ 200° around the sparger. It wvas
located at an aximuth location of 208° in the reactor
vessel. This vas ~ 58° from the inlet and 32°

from the end of the sparger arm. The crack was
through the wall, as determined by pneumatic testing,
and was smaller inside the pipe than on the outside.
The crack appeared to have initiated close to one

of the spray nozzles and was adjacent to one of the
support brackets. Because of the design of the
sparger and the mounting brackets, it was concluded
that the sparger would have been held jn place if
called upon for operation even if the track had pro-
pagarted completely arnrund the pipe circumference

before jt was discovered.
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The most probable cause of the crack was due to

local cold work of the sparger and stresses imposcd
during installation and fitting of the sparger within
the shroud, Fitting the pipe into position duriny
installation could have resulged in stresses larpc
enough to propagate a stress corrosion crack.

The upper core spray spacrger Tepair consisted of the
addition of a bracket assembly to provide axial
support to the core spray pipiog in the vicinity of
the crack. No attezpt would be made to seal the
.rack. The bracke: 2see=bly vas constructed of Tvpr
304 solution annczle? S5 and was held in place by
four 3/4 in. bolts that were pre-loaded and locked
in place by Class A type locking caps. The bracket
assembly was fitted around the existing spray nos:=les
on both sides of the crack to provide axial support
to the core spray sparge in the event the existin:
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<.+« propagated completely around the pipe circum=-

terence.

Tre aldition of the bracket assembly would hold

tne sparger in such a vay that if the crack wvere to
prupogate 360°, the max opening that could occur
would be 1716 in. This vas based on the clearances
of the bracket to nozzles and took mo credit for
ciazping forces. Structural evalustions had shown
shat the bracket would limit the opening of the
crack to < 1/16 in. and that the bracket would re-
=2in in place. The choice of materials, design,
bolt preloading and use of locking caps assured the
bracket itself would not come loose. For the bracket
to be forcibly removed from the sparger the bracket
wviuld have to be deformed at least 1/4 in. and this
would require a forze of ~ 5000 1b. There was no
conceivable mechanisw that could apply this type

of force to the bracket.

4 360° crack 1/16 in. wide on a sparger would con=-
servatively divert < 2% (61 gpm) of system core
spray flow throush it. This in ifself would not
affect the ability of the core spray systea to pro-
vige 3400 gpm to the core at a reactor pressure

of 110 psig, but some nozzle flow would be diverted
tarough the crack. GE calculated that the minimum
fiovw f{rom each nozzle would be at least equivalent
to that obtained at 3400 gpm from an uncracked
sparger if the system flow was 3700 gpm. In ad-
dition, the installation of the bracket would

not interfere with the core spray distribution
sattern and would not allow water from the crack

to directly impinge on spray from the sparger
rozzles. -

T-e repair was performed remotely and the final
exz= te ensure proper fitup was recorded on video
taz+. The bracket assembly in place was exanined
:+ both ends and confirmation of proper fit was
zade aad recorded. (fng)

5IDE FW SPARGER AND THERMAL SLEEVE OA
L IAY 1"NS

io7s ir General
“-e '« rcond =ted an inspection (Sept 79) at the
“arvie Engin -ving Co. to evaluate their overall

. and OC programs, This company was a subcontracter
<=2 s.pplier to CE of BWR internal FW spargers and
t*er—al sleeves, The results established that
se' iuvus Jeficlencies existed in the implementation of
tis OA program relative to the manufacture of these
cc=ponents. During this inspection, 27 deviations
frcs applirahble codes, and contractual and regula-
tery requirements were documented in the areas of
raterial identification and control, process control,
velding and NDT exams.

411 nu% licensees and construction permit holders
v tc¢ to supply the following information within 90
2iy for operating plants and 120 days for plants
L=zor construction,

1) ietermine if reactor FW spargers and thermal
«leeves manufactured and/or fabricated by the Marvin
£r- Co were purchased and/or installed. Since
varvin Eng was principally a subcontracting company,
¢eterr.ine {f this equipment originated with the
viryvin Co and was eventually supplied through

.=+ ther contractor/supplier. If any was identified,

~
provide a descrintioc AN s te=vnt Inale4t
its purchase date anc Li- ¢onign fonstien durls,
both normal and acciasnt conditions,

2) For each plece of idintifled equipment, provit
the performance history assoclated with fts usag-,
including the cause of anv fallures or calfunctons
and the frequency of such events.

3) Provide information on the suppliers and receiver's

QA/QC program in effect at the time of purchase.

This information should be discussed in terms of

providing sufficient bases for judging that the

integrity of the equipment was sufficlent to permit

plant operation during normal and accident conditions,
(gtv)
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CS SPARGER PIPINC CRACKS

Oyster Creek - Jan 80 - refueling

While performing ISI on the core spray sparger

piping for System II, two indications were dis-

covered., Those indications were subsequently

evaluated and determined to be cracks. 2
-

The investigation revealed that the first indigetion

vas located at an azimuth ~ 152° and adjacent Yo the

sparger header branch weld. 1t appeared .o extend

~ 120* circumferentially. The second indication

wvas located at an azimuth ~ 170°, It ran at an

angle of ~ 30°-40° to the centerline of the sparger

and was ~ 2-3 in. in length with 2 branch indications

running vertically for ~ 2 in,

An air test performed on the sparger (P F. Avery
Corp) indicated that the crack indicatiens might

not have been through-wall as evidenced by lack of
alr penetration. Subsequently, a UT was perfor-ed
on the areas in question. The first area was located
~ 152° and a through-wall crack was detected in the
HAZ of the header branch weld. The second area

vas located at ~ 170° vhere additional through-wall
cracking was detected.

The cause may have been due to installation rethods
and was being investigated. (gur,god)
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§3. JET PUMP BEAM BROKF:, T%I.0°ATI

BWRs in Ceneral - 1950

Cresden 3 = Feb 30 ~ 663 power
Quad Cities 2 ~ Mar 80 « returling
Pilgrim = Mar B0 -~ refueliny
Millstone 1 - Oct 80 -~ refueling

The MRC issued & Bulletin (80-07) regarding
BWR jet pump assembly failure after several plants
reported jet pump problems.

At Dresden 3, alarms vere received in the control
room. Observed changes in plant parassters indi-
cated that a jet pump had failed. Shutdown wvas
initiated to bring the Unit to ~old shutdown within
24 hr as per Tech Specs. The changes were 1)
generator output decrease from 539 to 511 Mie, 2)
core thermal decrease, 3) core flov increase from
97.6 to 106.7 x 10° 1b/hr, 4) core plate dp
decrease from 16.1 to 13.8 psid, acd §) ;!" Te-
cire loop flow increase from 49 to 54 x gpa
vhile "A™ loop flow remained at 49 x 107 gpa.

It vas then determined that jet puzp No 13 had
failed.

Folloving vessel head removal and defueliag, IV
camera and VT of the jet pumps and vessel annulus
revealed the hold-down beam assembly of the sus-
pect jet pump had broken across its ligament sec-
tions at the mean diameter of the bolt thread area.
Failure of the beam assembly resulted in pump
decoupling at the diffuser connection. Subseguent in
situ  UT of all other jet pump hcld-down bearss,
using a special UT technique developed by GE re-
vealed ultrasonic indications of cracking at the
same location in 6 of the remaining 19 beams ex-

amined. A sketch of the typical jet pump assezbly
is shown in Figs.. The indications ranged from 6 to
A 20 mils. The beams wvere machined from stock

(bmi)
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At Quad Citics 2, a UT vas performed on al) .
jet pumn hold-down beas assechlies. A widt:
crack indication along the upper machined su- -
face near the beam bolt on jet pump No 1é

wvas discovered. It was estimated in excess c!
100 mils in depth and in the same location as
found at Dresden.

Pilgrim reported discontinuities on Jet Pump Beams
1, 3 and 15.

The failed assemblies were replaced. A metallur-
gical analysis vas being performed by GE and the
cause of the crack vas identified as intergranular
stress corrosion cracking (IGSCC).

Concerned with the potential for degradation of
jet pump function, the NRC recommended the follow-
ing acticas at BWR-3 and BWR~4 facilities:

Plants in their refueling outage, prior to startup,
wvere to: a) assess the integrity of the jet puzmp
structures, the hold-down beam assembly, hold-
downs wedge and restrainer assembly, ) conduct
UT to assess the integrity of the jet pump hold-
down beams at the mid length ligasent areas
bounding the beam bolt, and <¢) vhen startup began
ipitiate the surveillance described below.

Plants in operation were to perform daily jet pump
operability surveillance. Individual jet puzp dp
readings should be recorded and used to establish

s data base for expected characteristics for each
jet pump. Record and evaluate the following de-
viations: a) the recirc pump flov differed by more
than 102 from the data base for that pump, b)

the tctal core flow was more than 10X greater thac
the core flov value derived from established power-
core flow relationships, and c¢) the diffuser to
lover plenum dp reading on an individual jet puzp
exceeded the expected characteristics established
for that pump.

If it vas determined that a jet pump vas inoper-
able or significantly degraded, the reactor vas
to be shurtdowvn in accordance with Tech Spec re-
quirements. _(god,gvo,hbg)

Icvestigations by GE indicated that beam failure
vas preceded by a long period of ¥fow crack prepa=-
gation followed by a short period of rapid crack
propagation. During this time, the loaded beax
deflects to accomcdate the lead. Using data from
Dresden and fro= znother reactor vhich earlier
experienced similar failure, GE showed that beanm
deflection during the rapid propagation period
alloved significant jet pump leakage. By monitoring
loop flow and recirc pump speed during this period,
icpendine beaz failure could be detected during
the rapiu crack propagation period of a veek to

10 days before actual !lilu:ot

-
GE studies also indicated that initiation of IGSCC
in besns was unlikely before 2.6 yr of operation.
After crack initiation, a calculated period of 2.7
yr of crack growth preceded actual failure. 3Se-
cause of such slow crack growth rate, and assucing
a reasorable margin of error, UT of all beacs during
s refueling outage would reasonably assure that no
beaz failure would occur during the following op-
erating cycle.

Jun 81
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GF was in the process of develonic~ o nermanent fix to
the jet pump holddown beam probler, probably involving
reduction of stress on the beam through redesign

and modified heat treatment to resist IGSCC, or use

ef a ¢ifferent material. (hmi)

kesults of VT and UT exems of Millstone 1 jet
pump beams indicated that 1 beam was rejectable and
4 beams were in marginal condition. The cause of
jet pump beaz degradation was believed to be
intergranular stress corrosion cracking. The Jet
pump Seams 3, 4, 5, 6 and 7 were to be replaced
during the refueling outage then in progress; all
were to be lnspected and/or replaced during the
next refueling outage. Recirc loop flows were to
be monitored during the next fuel cycle, as per
recommendations set forth im IE Rull 80-07. (isk)

5. SOURCE HOLDERS BROKEN

Peach Bottom 2 - 1977 - refueling

In May, during the removal of source holders, the
fourth holder to be removed came apart. The upper
section was remcved but the lower section remained
in the reactor. A TV inspection of the remaining
portion, as vell as the other 3 source holders,
revealed significant cracking of the SS sleeve.

A special tool which gripped the holders from the
bottom wvas ordered from the NSSS. The recoval

of the rezaining source holders and the debris
left above the fuel support pieces fro= the

broken holders vas cozpleted in July. (hao)

S5, CS SPARGER CRACYS IDENTIFIED

BWRs in General - 1980
Oyvster Creek - 1978, Jan 80
Pilgriz - Feb 80

The NRC issued a Bulletin (%o. 8C-13) in May regarding
core spray crackiog reported by 2 utilities (19 of
21 plants iusjected cbserved no cracking).

In 78, Oyster Creek ilentified 2 crack in the CS
Sparger Systes II (see I1.50). An evaluation postu=
lated that deformation of the sparger had occurred
during fabricacion and instzllation which led to
cracking by latergranular Stress Corrosion Cracking
(1GSCC). A clamp assezbly vas installed over the
crack and operation continued until refueling 1Im
Jan 80, the sparger vas inspected and further cracking
vas discovered (see I1.52). A total of 25 cracks,
0.001 to 0.002 ia. in width and of varying lengths,
vere identified in both CS spargers. It was believed
that the cracks vere undetected during the 1978
inspection due to inspection equipzent lizitationm.

vine additional clamp asse=blies were instslled and
were expected to maintain the sparger phvsical ine
tegrity. The KRC determined that the repiir measures
vere adequate until an isproved replacesent systes
ccould be installed during the next refurling outage.

An exam at Pilgrim revealed 5 indications in the
upper CS sparger and 2 indications on the lowex <s

S$Pp8t, 3. s vara irom 1 to B in. and the
apizute - cere 159, 1959 and 345%. T
indicati-~ v = =~=i;rmed as cracks after hydro-
lasing an. 5ro . cicaning. An evaluation indicated
that the #'3r * w.uld retain its integrity through-
out the nex: evei+ althouph CS flow distributien
could be affecred due to through-wall cracks;
however, flos deiivery to the shroud interior vas
not expected to cecrease. It was believed that »
MAPLHGR limit recuction would be imposed during the
next cycle to cozpensate for the assumption of no

CS heat transier. Based on results from other
sparger inspections and previous pipe cracking
experience, cold vork and sensitization during
fabricstion and installation stresses vere considered
to be the major factors in causing the observed
cracks at Pilgriz. The cracks were hypothesized to
be initiated and propagated by IGSCC.

Because the cause of cracking was oot yet confirmed
by metallurgical analysis, GE vas developing tooling
to extract sparger samples, and was evaluating
methods of izproving sparger inspection techniques.

In addition, the NRC informed the BWR facilities to
take the following actions: X
1) At the next scheduled and each following refueling
outage uatil further notice, perform & visual io-
spection of the SC Spargers and the segment of*

piping betveen the inlet nozzle and the vessel”
shroud. Remote undervater TV exams were acceptable

if adequate resolution could be demonstrated. The
viewing in situ of 0.001 in. dia fine vires vas
considered an acceptable means of demonstrating
suitable resolution of the TV examinations. Such
techniques as the use of oblique lighting, and the
ability to light from each side independently vere
considered useful in enhancing the image of cracks

to facilitate detection.

2) 1f cracks were identified, the location and
extent of the icZications were to be reported.
Supplezenzary exz=s using volumetric methods could
be performed to aid in characterizing the extent of
cracking in non-visible locations. (hal)
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