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UNITED STAS
NUCLEAR REGULATOFiY COMMISSION

WASINTON, D.C. GI

,,*

NOV 1 3 1980

Li censee:

Attached for your implementation is the revised and final edition of
NUREG-0619, BWR Feedwater Nozzle and Control Rod Drive Return Line
Nozzle Cracking.a The report provides the staff's resolution of the
NRC's Generic echnical Activity A-10, which is an."Unresolved Safety
Issue" pursuant to Section 210 of the Energy Reorganization Act of 1974.
Public commnts received in response to the "For Coment" edJtion of
April 1980, have been incorporated where applicable. Appendix E of
NUREG-0619 discusses the conments and the staff's disposition of these
comments.

The generic study resulted from the inservice discovery of cracking in
feedwater nozzles and control rod drive return line nozzles.

NUREG-0619 describe the technical issues, the technical studies and
analyses performed by the General Electric Company and the NRC staff,
the staff's technical positions based on these studies, and the staff's
requirements for licensee and applicant implementatlon of the technical
positions.

It is expected that requirements contained in the NURE6 will be met.
Accordingly, pursuant to 50.54(f) operating reactor licensees are
requested tu furnish, within forty-five (45) days of this letter,
confirmation that the implementation dates indicated n HUREG-0619 will
be mec. For aoiy date that cannot be met, furnish a proposed revised
date, justification for the delay, and any planned compensating safety
actions during the interim. After our evaluation of your response the
NRC staff will take action, as necessary to assure that such requirements
and cotmitmenXs are appropriately enforceable. This may include, as
needed, issuance of a Confirmatory or Show-Cazse Order.

Because of the importance of resolving this issue, plants undergoing
Systematic Evaluatiun Program (SEP) review will be required to mplement
changes in the same time frame as non-SEP plants.

ncrely,

Division o lcensing
Office of Nuclear Reactor Regulation

cc: Service List
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ABSTRCT

This report summarizes work performd by the Nuclear Regulatory Comission
staff to rolve Genric Technical Activity A-10, DWR Nozzle Cracking."
Generic Technfcal Activity A-10 s one of the generic technical subjects
designated as Unresolved Safety Issues" pursuant to Sectien 210 of the Energy
Reorganization Act of 1974, and as such was discussed in Chapter 2 of the 1981
NL Annual Report and Chapter 3 of the 1979 NRC Annual Report.

This rport describes the technical issues, the independent technical
evaluations performd by the staff and the General Electric Coap ny (GE), and
the staff's technical positions and plans for continuvd lplementation of the
technical positions. (Ieplvmntation has begun on several operating BWRs and
on Ws under construction.)

With rprd to fdwater nozzle cracking, the staff ha; concluded the
following:

(1) The BWR fedwater nozzle cracking phenonnon is now sufficiently
understood to permit a quantitative evaluation of the proposed solutions.

(2) The proposed solutions (clad r oval, installation of a modified sparger,
changes to operating procedures, and feedwater system modifications when
necessary) permit an extension of the required nspection intervals
beyond those speciftod in the NRC interim guidance document NUREG-0312.

(3) The use of interference fit spargers and the attendant frequent
cye-pontrant inspections will no longer be permissible after June 30,
193.

(4) A new addition to the nservice inspection program is leak deteroination
Lhat will verity the integrity of the ther9al-sleave-to-vessel seal or
weld. Leak determination procedures are not yet standardized by
licensees.

(5) Ultrasonic test (UT) procedures require further development before
ultrasonic testing can becom the primry means of nozzle inspection.

With regard t the issue of control rod drive return line nozzle cracking, the
staff has concluded that the mjor dettrminant is the mount of water that can
be returned to the vessel through the proposed system modifications. Hence,
we will presently allow only crtain tlassss of operating ractors (pending
on vessel size and design typ and on demoMtration of return flow capability)
to ipleaint the recommended GE solution involving return line roval wthout
rerouting of the line. Until other licensees can donstrat by analysis and
plant-specific testing that syttm operation is satisfactory and that
sufficient return flow to the vessel is available, operation with either the
return line valved out of srvice or rerouted will be required. Only Nine
Mile Point, which uses a welded thermal sleeve, and Oyster Creek, which uses a
rolled-in sle design with partial welding, will be allowed tc oprate in
their present configurations.

III



b nde. contnction either have been desgned without the return line or
1 r _M0v the return line as a solution to the nozzle cracking problm.

T sf has concurred with this action plan, but has required plant-specific
tAsting to asse proper systm operation and return flow cacity.

rewth sqersedes In its entirety ti# previously ssued MRC ort,
MMS' , Interi Technical bport on Feedeetr and Control Rod Div

etLin ls Cracking (te?. 1). It also supersedes the for coment'
vrion of NU-0619 de pril 1960. Public cemnts received wre
revimd and are diss in ndix E. Changes mde in response to these
cmments are noted throuou th xt by rgina lines.
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BWR FEEDWATER NOZZLE AND CONTROL ROD DRIVE RETURN LINE NOZZLE CRACKING,
RESOLUTION OF GENERIC TECHNICAL ACTIVITY A-1O

PART I - FEEDWATER NOZZLES

1 INTRODUCTION AD STATEMENT OF PROBLEM

1.1 General

Over the pst several years. inspections at 22 of the 23 boiling water reactor
(BWR) plants in the United States that have teedwater nozzle/sparger systems
have disclused some degree of cracking in tha eedwater nozzles of the reactor
vessels at 18 plants. (One plant has not accuvulated significant operating
time as of the date of this report and has not been inspected.) This cracking
is illustrated in Figures 1 and 2. Similar crecking has occurred in W con-
trol rod drive return line nozzles and s the subjett of Part II of this report.
Both issues are considered by the staff to be satisfactorlly resolved, with
the exception of the development of Improved nondestructive examination (NDE)
techniques. Generic technical activity A-10 is completed.

Part I sumarizes the NRC staff reviaw (as part of the Generic Technical
Activity A-lO, an Unresolved Safety Issue) of the causes of feedwater nozzle
cracking and associated problems with the feedwater sparger, the tepting and
analysis that verify the effectiveness of the proposo'd solutions, and the
staff's conclusions and plans for implementation.

1.2 Background and Statement of Problem

Most BWR pressure vessels have four feedwater nozzl:s. Several vessels have
six such nozzles and one vessel has only one nozzle Three older plants do
not have feedwater nozzles per se and are not cons: ;¢. in this docu ent.
Nozzle diameter is 1 to 12 inches, depending on pt.. design. Figure 3 is a
cutaway diagram of a typical reactor vessel and shows the internal components.

The feedwater is distributed through spargers that deliver the flow evenly to
assure proper jet pump subcooling and help maintain proper core pwer distri-
bution. An essential part of the sparger is the thermal sleeve, which projects
into the nozzle bore and is intended to prevent the impingement of cold feed-
water on the hot nozzle surface. This surface is usually heated to essentially
reactor water temperature by the returning water fron the steam separators and
steam dryers. However, bypass leakage past the thermal sleeves allowed rela-
tively cold feedwater to impinge on the hot nozzles. The eedwater, when
heated during power operation by extraction steam from the main turbine, is
typically about 100°F to 200°F colder (depending n reactor design) than the
reactor water. When the feedwater heaters are not In service, as during
startups and shutdowns, the differentiLl could be equal to or gmater than
400F. The bypass leakage past a loose thermal sleeve caused a fluctuation
(at times severe) n the etal temperature of the feedwater nozzle and resulted

1



Figure 1. Typical example of cracks on a feedwater nozzle blend radius,
revealed y dye-penetrant testing.
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Figure 2. Typics: example of crtcks on a fhedvatr nozzle 1xre,
rveled by dyepenotrant tewnlng.
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in mNtal fatigue ind crack initiation. The cracks were then driven deeper by
the larger t p raturs and pressre cycles associated with startups,
shutdowns, and crtain operational transients.

Figure 4 shows the old sparger design and some of the designs that replaced
it. The tight-fit, forged-tee design is used predominantly today as. an
interim mesue until the installaton of the modified triple-sleeve spargers
or other acceptable designs. rde triple-sleeve sparger design is dpitted in
the proprietary Gentral Electric (GE) document NEDE-21821-A. Several plants
have the welded thermal sleeve design.

Figure 5 illustrates the problems that have resulted from the loose r1t of the
thermal sleeve. The staff believes the new designs provide a substantial and
acceptable improvement over previous designs and should resolve these probles.

The feedwatar nozzles form a second barrier (after the fuel cladding and as
part of the reactor coolant pressure boundary) to the release of radioactive
fission products. All repaired feedvater nozzles to date have met the
requirements and limits of the American Society of Mechanical Engineers (ASNE)
Boiler and Pressure Vessel Code. No additional action was necessary since
only relatively small amounts of base metal have been removed by repair
operations. The removal of cladding, s a means of minimizing crack initi-
ation, has not altered the safety margins because the clad thickness is not
considered in ASNE Code reinforcement requirements.

Nozzle cracking is potentially serious for the following reasons:

(1) Excessive crack growth could lead to reduction of pressure vessel safety
margins.

(2) The design safety margin could also be reduced by excessive removal of
nozzle reinforcement metal when cracks are removed by grinding.

(3) The exposure to radiation of the personnel performing inspection and
repair tasks can be considerable.

(4) The repair of these kinds of cracks can result in considerable shutdown
time at the affected plant(s).

Table 1 presents a sumary overview of the U.S. BWR nozzle cracking proble.
The substitution of tight-fitting, interference-fit spargers and increased
licensee attention to proper feedwater control has significantly reduced the
incidence of cracking in recent years.

1.3 Staff Aporoch to Review and Staff Conclusions

A task group of personnel in the Office of Nuclear Ractor Regulation was
formd to assess the problm and determine acceptable solutions when it became
apparent that the cracking problem was widespread and could result in
decreased safety margins. This issue subsequently becam Generic Technical
Activity A-1O and was initially reported to Congress as an Unresolved Safety
Issue in the 1978 NRC Annual Rport. The members of the task group are
listed in Appendix A. Th ltest Task Action Plan that presented the NRC
staff's review plans is included as Appendix B.
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Table 1. Sumery ot 0 Fdwatr Noule Cracking Problem and Solutions

First Feedeater
Opera- Start- Nozzle

Plant tion ups Inspection Action Taken

Humboldt
lay

Nine ile
Pofat 1

0jvst.r
Creek

Dresden 2

4/63 110 1976 (TV),
1977

11/69 109 1976 (UT),
1977

9/69 97 1976 (UT),
1977

4/70 125 1975, 1976

Millstone 1 11/70 134 1974, 1975,
1976

Dresden 3 7/71 93 1975

Nonticello 3/n7 91 1975

1977

Quad 42 112 1976
Cities 1

Drowns lo3 68 1975
Ferry 1

1977

Browns A/75 36 1975
Ferry 2

1978

Quad 5/72 102 1975
Cities 2

1980

Vermnt 9n2 61 1975
Yankee

Install new sparger,
re chfne nozzle

Reachine 4 nozzles,
install 4 new spargers

RrmcI.ine 4 nozzles,
install 4 new spergers

Grind out cracks,
replace spargers

Grind out cracks,
replace spargers

Grind out cracks,
replace spargers

Grind out cracks,
replace spargers

Roeove clad, install
single-sleeve, single-
piston-ring spargers

Grind out cracks,
replace spargers

Grind ,ut cracts,
replace spargers

emove clad, install
single-sleeve, single-
piston-ring spargers

Repair spargers,
no nozzle cracks

Remove clid, install
double-piston-ring,
triple-therml-sleeve
spargirs

Grind out cracks,
replace spargers

Remove clad, install
double-piston ring,
tripl-thermal-sleeve
spargers

Grind out cracks,
replace spargers

Greatest
Total Crack
Depth, In.*

0.75

1.50

C.50

0.50

0.55

0.38

0.50

0.40

0.16

0.03

0.38

0.35

'Including cl.
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Table (Continued)

Ft rat Fee,ter Greatest
Op- Start- Nozzle Total.Crack

Plant t o p s Inspection Action Taken Opt, In.*

2978, 1977 grind out crcks,
replac qprs

1950 Aemoe clad, install
doule-pfston-ring,
tripltheml -sle
spews

9/.4 46 1977

5/74 55 1976

72 6 1976

1977

1979

Grind out cracks

Grind out crcks,
replae sparprs

Roe clad, install
doblepilstrirn
tripleteme-s%eve
sparers

Grind out cracks,
replace spargers

Rem" clad, install
double-piston-ring.
trplethra-sleve
sprgers

Grind out cracks

Rov clad, install
double-ptston-rfng,
ttpl-thermel slev
sparger

5/7 57 1977 (UT) None

1978

1979

Remove clod, install
double-piston-ring,
tripletherml-sleeve
ipargers

Remove clod, install
double-ptston-rtng,
triple-theral-sleeve
wrgers

0.38

0.04

0.18

I

0.75

I
0.04

I

I
I

0 Includirn clad.

9
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2/74 65Pech
Btt 2

each
gotte 3

Pilgrfm

Edtn I.
Hatch 1

Duane
Arnold
(weldr.d
cleave)

Jams A.
FttzPatrtck

11/74 85

Irown
Ferry 3

I

I
i
I
I
III

I
i



The staff performed an irfependent review of the nozzle cracking problem and
evaluated the GE test data for confirmtion of the cuses of cracking and the
resultant solutions. The review ncluded examination of the causes of, and
solutions for, several otMr problem that accomanied the nozzle cracking,
including sparger arm cracking and sparger discharge hole cracking.

General Electric's extensive feedwater nozzle/sparger testing and analysis
program and the results of this program were reported to the staff in severel
documents. The final docuent, whic incorporates the infotration from all
earlier submittals, is topical report EDE-21821-A (* Feedwater Nozzle/
Sparger Final Report, February 1980). This document superseded EDE-2121-02,
which was the subject of the safety evaluation of Appendix C to this NUREG,
NEDE-21821-A incorporates the Appendix C safety evaluation into NEDE-21B21-02.
The Appendix C safety evaluation documents the staff's detailed review of
NEDE-21821-02 and permits, with few exceptions, the use of NEDE-21821-02 (and
thus now NEDE-21821-A in its place) a a reference document in licensing
actions involving BR feedwater nozzles. NEDE-21821-A is a proprietary
document, but its non-proprietary counterpart, NEDO-21821-A, is available to
the public at the NRC Public Document Room.

The remainder of Part I of this document is devoted to detailed discussions of
the causes of the various feedwater nozzle and sparger problems, their solu-
tions, the applicable staff conclusions, positions, and requiremients regarding
implementatlon of positions. This report documents the staff conclusion that
the GE triple-sleeve sparger modification, when combined with removal of
stainless steel cladding, feedwater system modifications when necessary, and
changes to operating procedures, provides a substantial and acceptable
improvement over previous designs. However, the staff recognizes that the GE
design is not the only effective sparger m2dification. Another design has
alrLady been pproved for use at two operating reactors. In any case, a
reactor vessel modified with an improved sparger and other physical and
procedural changes beirng incorporated as necessary, should be able to operate
for an extended period of time between in-vessel nozzle surface examinations.

As discussed in Section 60 of Appendix C, the issue of NE will require
continuing effort of the stcff and various industry groups. The industry
efforts, which the staff will review, are directed toward the development cf
UT procedures that will find and characterize tight fatigue cracks in the
complex geometries and long exmination metal paths of BWR feedwater nozzles,
Until the NRC staff is assured that such techniques are capable of reliably
detecting flaws before they violate ASNE Code flaw size and reinforcement
limits, we will require in-vessel dye-penetrant surface examinations (PTs)
Upon completion of the industry studies mentioned above, the staff will issue
further guidance on inservice inspectlon (ISI) requireetits.

10
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2 CAUMES OF POBLEMS

Appox C describes in detail the maUy problm tith the original loose-fit
E fdwater sparger design. The problems are briefly outlined below.

2.1 Vibration

Crackin at the junction of the sparger a* and therml leve ws discovered
during inspection of the loose-fit design and was attributed to vibration nduced
by water flowing through the gap btwn the thermal sleeve and the nozzle safe
end. Section 4.1 of Appendix C contains the NRC staff's conclusion that the GE
triple-sleeve sparger design has acceptably reslved the vibration problm.

2.2 Therml Fatigue and Crack Initiation

feedwater nozzles xperience thermal stresses becouse the incoming fedwUter
(at 340 to 435°F) is colder than that n the reactor vessel (at 5459F) and
is omuch colder (at 00°F) during reactor startup before feediater heaters
are n service and during shutdown after heaters are taken out of service.
Turbulent mixing of the hot water returning from the stem separators and
dryers and the incoming cold fedwater causes thermal stress sycling of the
nozzle bore unless it is thoroughly protected by he sparger thermal sleeve.
Bypass leakag post the juncture of the therml **eve nd nozzle safe end s
the primary source of cold water impinging upon the nozzle bore. A secondary
source is the lyer of water that sheds off after being cooled by contact with
the outer surface of the sleeve.

The frequency of significant thermal cycling caused by turbulent mixing was
found by testing to range from 0.1 to 1 Hz and the aplitude of such cycling
is sufficient to cause high-cycle fatigu crack initiation in lss than 3 years'
service. From analysis and from experience in rpairing fdwater nozzles, it
is known that high-cycle therml fatigue cracks propagate to a depth of about
0.25 inch before the cyclic thermal stress aplitude attenuates to an insig-
nificant level.

Analyses have shown that the presence of stainless steel cladding on nozzle
surfaces contributes to the fatigue cracking because thermal stresses from the
high-frequency cycling are higher in the stainless steel than they would be in
unclad base mtal. Also, because of the difference in themal oxpansion
coefficients of the two mtals, low-cycle tmprature changes contribute to
fatigue.

2.3 Crack Prooaation

Stresses of much lower frquency but higher litude than those encountered
during turbulent mixing are caused by the intermittent flow of cold feedwater
into the vessel during startup and shutdown and during hot standby conditions
whesi feedwater ii added to maintain rctor water level. The frquency and
magnitude of these stresses depend to a large degree on wthethr such additions
are imodulated soothly or are made by an on-off flow control systta. Stress
cycles also are caused by pressure changes during startup. Th large, low-
frequency therml and prossure stresses are additive. Such cycling can
propaate uy sall thersl fatigue cracks deep into the nozzle wall if
remdial measure, are not taken.

11
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2.4 Effect of Sw beretion

The tetn a glss pa" foW that the method of peration of the
f eet * e P qwtant role n the h of fd.ter nle
crwcl. Alss the reactor watr cleap so ) ystem flow, which
stars the esel only one fdWeter nozzle could be divided so as to

enter the vesel l feei ter nozzles. (Th an fla add heat to
t befr. s spwcally ficial when the fdwater heaters are
t in e ee.) Thi ult uld be a dcrease n the crack growth rat.

Early i the staffs rviw It wa discovered that m oerators wre filling
the etor vsl raidly with cold fdwtr after shutd. Thfs s done
to provide litonml shildn id ame cmfortable enviroent for minte-
nae work we wld entr t cinty of the vssel soon after the flood-
p" action hid been c01aeted. Anothr deleterious practice by a fw licensees

wjo (brely turn1r on) thefeedIr pps to mintain reactor
watr lvl uring strtvs mid s dans. This practce aros bau e the
fedester flaw control vsl yes functioned poorly at low flaw.

To our kn1od, neither of the bov practices s n use today at operating
reactors. - oweve, systm irovwnts are still needed (see Section 3.3 of
Appdix C).

6E hs provided rcmedations to licensees regrding operation of the fd-
watr syst and related systm to mll1mize the probability of crack iitia-
tion d to minimize the rate of crck grwh. The staff concurs with GE and
licensee forts to prevent cracking a subsequent growth and bell eves that
chg in aprat roce dres form an iqsortant part of the overall effort,
The objective is to inize the terature difference between reactor water
and foe tar, and especially to void, to the extent practicable, cycling the
feedester flow.

12
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3 DESCRIPTION OF SOLUTIONS

3.1 N and Iwrovd Sarmen rid Thermal Sleves

The original loo fitting sparprs are no lonpr in service, most of tl
having mo replaeod by an nterim, interference fit design, and tn rest by
either a ste- storing seal and single slaNv or a double seal with a
triple sl e -rcode design referred to herein the triple-
sleeve rr). In thre Werating reactors and two under operating icens,
review, th rU l slevs are welded to the nozzle safe end.

Although the Interference-fit design can reduce bypass lakage flow, its long-
tem effecti%aness 1s questonable because the interference my be lost with
tim, Factors preventing the adoption of the welded design as a general solu-
tion were (1) the extreme difficulty and the sign lcant personnel radiation
exposure involved in modifying operating reactors, and (2) the almost uninspoct-
able resulting weld gometry. The singlesleeve sparger with a single seal
has n arovd by the staff whre t nozzle could not accept triple-
sleve ds . In the case of Monticello, ere this single-sleve design was
used, the lIensee has ad tntative plans to install nw nozzle safe ends
that ncorporate welded therml sleves. The NRC staff has concurred in this
approach and will assign nspection requirements based upon ts projected
effectiveness.

Because of these problems, GE designed the triple-sleve sparger. The sparger
uses three concentric thera sl"ves, the nnermost of which conducts feed-
water to the sparger ars. The arms are attached to the sleeve by a forged
tee, or* fastened to the reactor vessel wall at their end points by brackets,
and are designd to deliver fdwater unifomly to the annular area between
the core shroud and the vessel wall. In so doing, they provide subcooling for
the et pumps and help i,intain a uniform core ;.wr distributian The sparger
arm were modified to discharg fedwater into the vessel through elsows mounted
on top and fitted with converging discharge nozzles. These fatures rduce
teprature stratification in the sparger and flow s %ration around the
periphery of the flow holes at low fdwater flow.

Bpss leakage flaw in the fdwater nozzle bore will be reduced substantially
by two pistor-ring seals and an interference fit. Waterleaking past the first
sel would pass into the vssel through the annulus betwen the innr sleeve
4nd the "id-thrmal sleeve, which is supported at its upstrm end by a
slotted attachmnt to the innr sleve. Attached to the "id-thermal sleve
is an outer sleeve that is fitted tightly In the nozzl. bore at the upstreaom
end to prevent vibratory motion ad tiu dage of the sparger assbly.
The secondiary piston-ring seal at that tight Interference joint reduces
potential bypass flow to nearly zero beause the pressure drop s very low
across the secondary sl. In addition, the thre concentric sleeves will
prevent formtion of a cold boundary lr of water n the annulus next to the
nozzle bore.

3.2 Clad Rmoval

Stainless stel cladding was originally installed for corrosion protection of
the carbon stel vessel and to minimize rust accumulation in the vessel water,
but experience has shown that cladding on the fdwater nozzles is unnecessary
because tl* area of osed base mtal s relatively sll.
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Moreover, there are deleterious effects of nozzle cladding (larger amplitude
mtal teperature fluctuations than the carbon steel bas atal nd highet
stresses caused by such fluctuations), and the Gnral El ctric Coqpny now
recomends that at the tim new sparger lnves are installed th nozzle be
bored out to a depth that will expose undaOmed bas eta the net effect of
clad r oval and cons'quent reduction In thermal stresses is to prolong the
t 4me to crack initiation and ncrease the number of startup/shutdwn cycles
required to grow fatigue cracks to the limiting depth as specified by the
applicable code requirements. The decrease in crack growth rate results froe
th elimination of stresses due to differential thermal xpansion of the stain-
less steel and carbon steel near the surface. Reowving the cladding also
facilitates the interpretation of ultrasonic signals.

3.3 Systems odifications and Procedural Changes

Appendix C includes details of the odifications to fluid systems and operating
procedures that GE considered to be benficial in decreasing the agnitude and
frequency of temperature fluctuations and thus preventing crack initiation and
lieiting crack growth. The staff concurs with GE that changes in addition to
those al reay nitiated by licensees and applicants may be necessary to limit
crack growth to less than inch in 40 years.. Because crack growth is dependent
on feedwater temprature, the extent of proposed changes will depend on plant-
specific considerations.

14
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4 STAFF POSITIONS AND IPLEMENIATION

4.1 Sparoer and Thermal-Sleeve-Design Modifications

In revie-'ing postodification submittals regarding feedwater sparger
thermal-sleeve modifications, the NRC staff will requira that the predicted
occurrence of cracking n the nzzle bore and blend radius be lw enough to
assure tho NRC goal of long-term operation without significant cack growth
(i.e., low relative to that observed for loose-fit spargers). The prediction
may be based on experience or analysis or both. Conversely, continued
reliance on dye-penetrant nspection and grinding repair operations to prevent
the occurrence of deep cracks while continuing to use interfererce-fit
spargers is not acceptable. Such programs expose too many inspection and
repair personnel to radiation when better methods are available. Furthermore,
the s some possibiliRty that a deep crack ight escape detection until it s
large enough to cause significant reduction of the margin of safety.

For plants undergoing licensing review, the following NRC staff positions
apply:

(1) Modifications to the nozzle and sparger/thermal sleeve must be complete
prior to receiving an operating license.

(2) Interference-fit spargeis are not acceptable because their efficacy is
expected to decline with time as the interference is lost through wear
and plastic deformation.

(3) The welded spargers installed on Zimmer and WPPSS-2 are acceptable
designs for those facilities only. Other proposed welded designs will
require evaluation on a case-by-case basis. These spargers prevent
dye-penetrant inspection of the nozzle bore, and the continued integrity
of the weld connecting the sleeve to the nozzle bore or safe end has not
been demonstrated by operating experience.

(4) Clad nozzles are not acceptable because they are more prone to cracking
and ore difficult to inspect.

The GE triple-sleeve sparger design has been evaluated with the cunclusion
that it may be used without further ustification beyond that given by GE in
NEDE-21821-A, as amended by Appendix C of this report. Other designs having a
single seal have been approved for individual plants. Licensees and applicants
are free to consider other designs if they are supported by the type of
analysis described at the beginning of this section. Such analysis must be
submitted in the postodification report.

For operating plants, the IRC staff position s that improvements must be made
before June 30, 1983. The improvementt must include nozzle clad removal,
instillation of improved-design spargers and system changes. Procedural
changes that are determined to be advantageous for the specific plant should
be implemented promptly without waiting for the nozzle, sparger, and system
changes to be completed.

15
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4.2 Systems Modifications and Oeratina Procedures

As noted in Section 3.3 of Appendix C, the NRC staff concurs with the GE
assessmnt of the nd for modification of certain R plant systems and
changes to plant-operating procedures. The modifications and changes, when
implemented as necessary to supplement clad reaoval and the installation of an
improved sparger, ill hlp assure long-toe operation without significant
crack twth. Such action will permit an extension of the time between
riquird inspections of the fdwater nozzle surfaces, thus reducing the
radiation exposure of maintenance personnel. The NRC staff's inserv'ce
inspection rquir eme nts allow an extension of time between inspections for
those plants which remove the noizle cladding and install spargers that meet
staff criteria stated herein.

The benefits to be achieved by changes in systems and procedures are plant
specific and, to a great degree, depend on feedwater temperature during opera-
tion and on the physical location of systems' components. However, the NRC
staff believes that licensees and certain applicants must have, at a minimum, a
low-flow controller having the characteristics described in Section 3.4.4.3 of
NEDE-21821-A, and must reroute the reactor water cleanup systeN to all feed-
water nozzles. In the case of those BRs under construction tt will have
higher feedwater tpratures than presently available in operating reactors,
the need for systm canges ill be reviewed on a case-by-zase basis. These
modifications must be completed before June 30, 1983 on o rating reactors and
those reactors under construction which will receive operating licenses (OLs)
prior to June 30, 983. To keep radiation exposure as low as reasonably
achievable, ll plants that will not have received an operating license by
June 30, 1983 mUst complete the modifications bef'ore issuance of the license. 
Licensees (and pplicants) should also consider other system changes suggested
by General Electric and implement thos considered r.,cessmtry. Information
regarding additional changes should be submitted as p't of the postmodification
report (licensees) or the Final Safety Analysis Report (applicants).

As determined from recent testing at Nonticello, the 600-psi turbine roll,
discussed in Section 3.3.3 of Appendix C, is no longer considered a feasible
alternative.

4.3 Inspections

4.3.1 Introduction

Several UT exmination techniques have been used to inspect feedwater nozzle
blend radii and bore regions from the exterior of the reactor vessel. The
technical and experimental bases are not yet available to define for each
technique the probability of finding a given size of flaw within each region
of the blend radius, bore, or safe end with the accuracy and rpeatability
required to rely on the technique as the primary means of inspection. The UT
examination involves a complex geometry, long examination metal paths, and
inherent ultrasonic beam spread, scatter, and attenuation. As a result, the
following inspection requiremnts are based on the current state of the art.
The rquired inservice inspection program incorporates both UT of the entire
nnzzle and PT of varying portions of the blend radius and bore (depending on
results of an nitial PT of accessible blend radius areas).
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The staff encourages the continued development of UT techniques for the fdwater
nozzle examinations. Should future developments and the results of inservice
UT exauinntions dmonstrate that UT techniques can detect sall nozze thermal
fatigue cacki with acceptable reliability and consistency, these techniques
could then form the basis for modification of the nspection criteria that
follow. At such time, the staff wnil issue additional guidance addressing the
revised requireents.

4.3.2 Feedwater Nozzle Inservice Inspection Program

4.3.2.1 Introduction

The objective of this Inspection program is to ensure that even if fedwater
nozzle thermal fatigue cracks are initiated, their growth will be limited to
avoid violation of the applicable ASNE Code or threat to the integrity of the
reactor vessel. Th iportance of limiting crack growth lies not only in the
safety considerations, but also because there is no approved method for nozzle
repair by weld buildup, should extensive growth of a crack go undetected.

The staff has considered a number of alternative approaches for mcnitoring feed-
water nozzles for cracks. This inspection program, as mplemented by licensees,
will assure continued reactor safety while improved nondestructive examination
methods are being developed.

The plan specified be'ow is equally applicablc to operating BWRs and those
undergoing operating license review. In the context of this plan, a startup/
shutdown cycle is defined as a reactor thermal power increase from nominally
zero, and subsequent return to zero, which produces both pressure and tempera-
ture changes and which involves the flow of any amount of co'd feedwater
through the feedwater nozzles. Scrams to low-pressure hot standby and conven-
tional startup/shutdown cycles are ncluded in the definition of a startup/
shutdown cycle.

4.3.2.2 Inspection Intervals

The routine inspection intervals for representative feedwater nozzle and sparger
configurations given in Table 2 reflect the NRC staff's present estimate of
the effectiveness of these sparger types n preventing cracks in feedwater
nozzles. The inspection intervals apply to all plants of each configuration
but may be revised as experience acciuulates.

4.3.2.3 UT Inspection and Subsequent PT of Recordable Indications

At scheduled refueling outages fr which a UT inspection of feedwater nozzles
is called for in Table 2, perform an xternal UT examination of all feedwater
nozzle safe ends,* bores, and inside blend radii. If indications are found in

"On Duane rnold and Brunswick Unit 1, the thermal sleeve attachment weld
configuration is such that a crack manating from the weld region could
affect the integrity of the pressure boundary of the feedwater line.
Therefore, the safe-end inspection must nclude this region.

17
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Table 2. Routine Inspection Intervals

Inspection Interval-Refueling Cycles
(or Startup/Shutdown Cycles)

Visual
Inspction

Configuration UT of Sparger1 Routine PTP

Interference fit, clad3 1 2 2 (or 30)4

Welded, clad" 2 2 4 (or 60)

Single-sleeve, single- 2 4 4 (or 60)
piston-ring seal,
clad roved7

Oyster Creek & Nine Mile 2 4 6 (or 90)
Point (clad removed,
significantly modified
spargers nstalled)

Welded, clad roved 2 4 6 (or 90)6
(spargers have
top-mounted elbows) 5

Triple-sleeve spargers 2 4 9 (or 135)
with two piston-rirng
seals, clad rmoved

Other configurations*

Visual nspectio f flow hole, and welds in sparger arms and sparger
tes.

2To be performed even f the UT and leak test results are satisfactory.
3Tha present inspection interval began at the last nspection during
which n interference-fit'sparger was removed for PT.

'Next refueling after 30 startup/shutdown cycles, but not later than
the second refueling cycle after the previous PT.

sThe present nspection interval began at thc lst T of accessible
portions of the nozzle.
Accessible areas only.

TThe present inspection interval began when cladding was roved and
the triple-sleeve or single-sleeve piston-ring spargers wer installed.

'Other configurations, such as the proposed double-sleeve welded
design for Monticello, will be reviewed on a plant-specific basis
and inspection ntervals determined from these reviews.

A
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the safe nd, evaluate per Sction XI of the ASE Code. If recordable indica-
tions (defined in ASNE Section V. Article 4, Paragraph T-441.8) are interpreted
to be cracks in ny nozzle, proceed with the sparger removal, PT of the nozzle
bor and t nozzle blend radfus, nd repair. An aeeotable PT, whether
required by the finding of a UT indication or by the rtutine inspection
schede given n Table 2, includes rmo val of a sparger from one nozzle (see
exception below) followed by flapper wheel grinding and exmining, by PT, both
the nozzla of the removed sparger and ths ccssible portions of the other
nozzles. If aW cracks are detected, r ove all spargers and completely
exemire all nozzles, and remove all nozzle cracks.

An exception to this nspection plan my be mode for the routine nspections
on those plants which have single-sleeve forged-tae spargers because of the
accessibilfty to the nozzle surface afforded by this design. The first step
my consist of inspection of accessible portions of all nozzles rather than
the roval of a sparger and nspection of its nozzle and accessible areas of
others. Howver, if ay crack grindouts are found to exceed 0.06-inch deep by
0.25-inch long, all spargers must be reoved, and cle*ning and repair must

. ~~follo.

4.3.2.4 Leak Determination Requirements nd Subsequent PT of Nozzles
Having Leaking Sleeves

GE analyses in NEDE-21821-A indicate that fdwater leakage past the piston
ring seals of single- or triple-sleeve spargers, or through a crack or cracks
in a welded-in sparger, can result in feedwater nozzle crack6 if significant
leaka is allowed to continue. Therefore, either relatively frequent
in-vessel inspections as specified n Table 2, or a demonstrated method for
detection of the onset of leakae is necessary to ensure the continued
integrity of the feedwater nozzles. (An xcepxion to this conclusion s made
for the sparger/theral-sle designs used at Oyster Creek and Nine Nile
Point. Those designs have flow baffles that prevent mixing of hot reactor
water and the colder fdwater n the nozzle annulus.)

The staff has been informd that GE and NUTECH (and possibly others) are
developing on-lin monitoring systems that are ntended to be capable of
detecting significant leakage through degraded seals or a crack (or cracks) in
a themal sleeve weld. The systms are designed for use during pwer
!peration and one such system has alrady been installed at several operating
facilities. Preliminary information suggests that these systems are feasible
and practical. Results to date donstrate that leakage can be detected
although the staff still has a few reservations as to how well the systm can
provide a quantitative measure of leakage. We expect, however, that as
experience is gained with thes systms, this problem can be overcome.

The NC encourages the further developmnt, installation, and use of on-line
leakage masuring systems. Once their effectiveness has been deonstrated,
the staff will modify ts in-vessl PT exmination requireents (Table 2) to
give credit for thm. (Concelvably, with concomitant advances in UT tech-
noloy under other industry program, the PT requirement could be eliminated
entirely.)

A licensee who nstalls an on-line "kage detection system must keep the
NRC staff informd as to its performance ad his assessmnt of leakage
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meuw nU (if auy) to permit the staff to follow the developmnt of these
syst. Readins at least wekly ond a continuous log of the results are

mdmd.~~~~~~~~~~~~~~~~~~~~~~
Leakag n xcess of about 0.5 gm can be deleterious to the nozzle; therefore,
a licnsee must consider _dal measures if, n his judgeent, the leakage rate
for ay nozzle exceeds about 0.3 gp. H proposed actions must then be reported
to the staff. The staff will consider the issue on a case basis.

4.3.2.5 Preservice Inspections at BWRs Undergoing Operating License Review

Although the staff recognizes that future SWRs will ncorporate significant
physical iprovements including the triple-sleove sparger, unclad nozzles, and
system changes, we believe that certain preservice actions will help to assure
long-term safe operation wiviout fdwater nozzle cracks. Therefore, we
roquire the following:

(1) Perfomance of PT in eHch nozzle prior to installation of parger.

(2) Performance of baselimo UT of each nozzle after installation of the
sparger. Tte rusults are to be mde part of the plant's permannt
records tr uture -ference.

4.4 I lementation

This section presents the staff's positions on ipaaentation of various
modifications domed necessary to assure the NRC goal of long-term operation
without significant crack growth. It s the staff's intention to require
utilities to install iproved pargers but not ncessarily the specific
designs discussed herein and in Appendix C. Other proposed sparger designs
may be installed and analysts submitted, in the postodification report, for
our rview.

4.4.1 loplemntation on Operating Reactors

4.4.1.1 Removal of Cladding and Replacement of Interference-Fit Spargers

For plants currently utilizing interference-fit pargers in clad nozzles, clad
roval and replacement of the spargers must be completed during a refueling
outage before June 30, 983. tention of the interference-fit spargers s
unsatisfactory in the long term. Short-term retention will require frequent
inspection as shown in Table 2.

4.4.1.2 Ipl_wntation of Sy5tms and Procedural Changes

4.4.1.2.1 Operating Rctors With Welded Spargers

Licensees of operating reactors with welded spargers (Duane Arnold, Edwin I.
Hatch Unit 2 and Brunswick Unit 1) must complete by June 30, 1983 the modifi-
cation of the low-flow controller if required to meet Section 4.2, the
rerouting of the CU system, and other stm changes emd ncessary by
the licensee. Operating procedures must be modified a practical to obtain
the most benotit from the changes. Inspection requirements shall be
deterined from Table 2 and Setion 4.3.2.4.
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4.4.1.2.2 Operating Reactors With TripleSlev or Single-Sleeve Piston-Ring
Sparger and No Cladding

Licens of opratfi retors with triple-sle c single-sleeve piston-ring
spargrs and no clai (Oyster Creek, Nine Nl* Point, Ein I. Hatch Unit 1,
Jam A. FitzPatrick, Browns Ferry Unit 1, rmm Ferry Unit 2, Nonticllo,
Pilgrim, Cooper, eh Bottm Unit 2, Quad Cities Uit 2, and Brws Frry
Unit 3) t complt y Jun 30, W8 the odification of the low-flow
controller if rird to moet Section 4.2, rerouting of the WU systm (if
applicbl) and other syste chanes dcaed necessary by the licensee.
Procedures mst be odiflod as praticble to obtain the mst benofit from the
chann s. apction requiuments shall be deteiwined frm Table 2 and
Section 4.3.2.4.

4.4.1.2.3 All Other Operating Rectors

Licensees of ll other operating reactors mst compl*ts systms and procedural
changes, d sed in S Ion 4.2, before June 30, 1983. Inspection has
been discussed in Section 4.4,.1 above.

4.4.;2 Implmntation on Planti Undergoing Licensing Review

All s that are undr review for either a construction permit or an
operating license will be required to incorporate an cceptable sparger design
and unclad nozzles. Interference-fit spargrs will not be approved. In
addition, plicable system and procedural modifications mut be completed
prior to initial criticality for those plants to receive operating licns
after June 30, 1983. Th nd for system changes w11 be rwies d on a cse-
by-case basis. Tfr .1 Safety Analysis Report for each plant should
be imnded at the a ;est date practicable to include all ompen t and
systm modifications and operating procedur for NRC staff review and
approval. As part of that approval, NRC staff *y require additional
instriuentation and tsts during the plant startup phase to demonstrat that
design goals i term of water and metal temperatures have been met.
Operating procedures should iaclude applicable GE recocnndations. For those
Wks under construction which will rcive operating licenses before June 30,
1983, the systms modffications muSt be completed before June 30, 983 and a
report submitted in accordance with Section 4.4.3.1 below.

Preservic. nspection requirmnts are discussed In Section 4.3.2.5 and
inservice inspection will be deLined from Table 2 nd Section 4.4.2.4.

4.4.3 Reports

The following rports must be submitted by llcn s and applicants:

4.4.3.1 Licensees

(1) ipon completion of physical nd procedural odifications, licenses must
submit a report describing in detail the madifications nd appropriate
justification. This report must nclude details of an on-line lakag
monitoring systm, if one is nstalled. This report is to be submitted
to the director of the appilicable rgonal office of the NC Office of
Inspection and Enforcemet (E) ith copies to Director, IE, and
Director, Office of Nuclur Reactor Reuletion (ER).
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(2) Wthin S mmnths of oletfng n outage at which an ipection was performd
in wor wth Talo 2, the lcse mut submit a detailed rort
discussing the lpection(s) prformd. Informtion required ncludes:

(a) Nrs of startup/shutdown ccles since the previous Inspection, nd
the total numer of cycles. This will nclude cycles ccumulated
during the initial startup en testinog of the plant.

(b) Summry of'methods used sad results of previous inspections, including
xim k depth and" nuber of cracks found in previous PT-and-grind

uprations, nd nuder of startup/shutdn cycles betwen such
1ipections.

(c) Description of any additional systm changes or changes in operating
procedres that will affect fedeater flow or trature and that
should be considered in predicting future cracking tendencies based
on past history.

(d) A detailed discussion of the inspection results, including a complete
description of cracking location, dimnsions, and profile, if cracking
was found. Drawings and photographs, if available, are requested.

(e) Informaton regarding the results of lekag monitoring. owever
the staff mst be informd imediately if on-line leakage monitoring
during operation discloses *n lkag on welded spargers or leakage
on the -order of 0.3 gpu through singla-sleeve/:ingle-piston-ring
spargers or triple-sleeve spargers.

(f) Information rearding all UT crack-like indications and any subsequent
PT indications. Information regrding UT techniques should be as
precise and as extensive as possible in order that it may be of
benfit n future inspoctions.

(g) The above information s to be submitted to the Regional Director,
IE, th copies to Director, IE, and Director, RR.

4.4.3.2 Applicants

Upon completion of sparger installation and systems changes, the applicant must
sublt to NRC the informtion described in Sections 4.3 .2 5 and 4.4.2 and
provide information rcgarding a leak detection system (if installed). The
rport must nclude detailed information rgarding systms modifications and
procedures which serve to prevent crack initiation or crack groth. These data
will bw used in deterining arY possible changes to the inspection intervals
of T,le 2.
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PART II - CONTROL ROD DRIVE RURN LINE NOZZLES

5 INTRODUCTION AND STATEMENT OF PROBLEM

Twenty-two of the 23 operating VWR reactor vessels in the 'nited States with
ftdwater nozzle/spar er systems also have control rod driv return line
(CRDRL) nozzles. Each vessel has one such nozzle, typically 3-4 inches in
diameter, and generally located 68-100 inches above the top of the active
fuel. A typical nozzle Is llustrated in Figure 6.

The control rod drive (CR0) system provides water to: (1) maintain rod serm
accuwulators in a charged condition at greater than reactor pressure; (2) drive
the rods nto or out of the core ; and 3) cool the rod drive mechanises con-
tinwusly. The CRDRL was designed to provide a reactor pressure reference to
the CD systm and to return to the reactor vessel exhaust water from CRD
moveent and water n xcess of systm requirements.

In April of 1975, a GE task force investigating cracking in austenitic stain-
less steel piping reported unexpectedly high top-to-bottom thermal gradients
in CRORL nozzles, particularly at low flows (return-line water, unlike feed-
water, is not heated and is typically at lOOF or less). Crack nitiation
susceptibility was cited and rerouting the return line was considered.
Operating experience has proven this susceptibility in that cracking has been
found to be widespread. The cracking was discovered not only in the CRDRL
nozzle but also was found on the wall of the reactor vessel beneath the nozzle.
This phenoenon was caused by the spilling of the cold CRD return water onto
the reactor vessel wall.

As an illustration of the severity of
Table 3 gives a synopsis of thc early

the CRD return-line nozzle cracking,
examination history.

The GE study of the CRORL nozzle cracking problem resulted in a series of
recommendations to licensees. The staff has reviewed each GE recommendation
and has detersined that (1) valving out of the return line is acceptable only
as an interim easure; (2) rerouting of the return line to another system NhTO
connects to the reactor vessel is preferable, and (3) only certain BR classes

may implement the final* GE rcommendation, to cut and cap the line and nozzle
without rerouting, and then only after specific testing has been completed.
Other lants may be included in this category when analyses and testing have
been completed satisfactorily.

Detailed discussion regarding the CRD nozzle problem, the proposed solutions,
the staff's '4view of the proposals, and the staff's conclusions and recommen-
dations for implementation are presented in the sections that follow.

WTh@ wowd ufinal- is a staff characterization only for the purposes of its
review. Indeed, new vessels do not even incorporate a CRDRL nozzle.
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VESSEL

Flgurs S. Typieal BWR CID hydulic rmt line nozzle
(don not dsow dhmi ses/flow shwoud).
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Table 3. Control R Drive RaturnrLlns Nozle Examination Results

axim
Crack

Start- Dbpth, Extent of Thermal
rJlant Years* ups In.** Cracking Sleeve

9each Bott 3 2 45 0.B8 General None
P"ch Bottom 2 3 65 0.90 General; also None

on vessel all
below CRDRL
nozzle

GE overseas 6 49 0.88 General None
reactor

Another over- *4 '.32 0.56 General Hone
seas reactor

Edwin I. 2 85 0.62 Single bottom Expanded without
Hatch 1 of nozzle flange
Nine Nile - 109 - None Welded, projects
Point into vessel

several nches

*Years in operation at
**Clad and bass.

tim of nspection.
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6 CMUSES OF PROBLEM

zth cause of crack nitation of CRDRL nozzles is a thermal fatigue mechanism
similar to that seen in feedwater nozzles. High-frequency thermal cycling
occurs durnn normal operation as a result of turbulent mixing of hot wat r in
the vessel with the low temperature (50 to 1OF) water entering through tne
CRDRL. Low-cycle ftigue crack propaation results from startup/shutdown
thermal and pressure cycles and from flow changes during scras. In those
plants that have a thermal sleeve in the CRDRL nozzle, bypass leakage flow is
minimal because the pre'sure drop is uch saller than in feedwater nozzles,
which have a thermal sleeve and sparger. In the CRDRL nozzle, unlike the
feedwater nozzle, there is a continuous large top-to-bottom thermal gradient,
which aggravates the cracking.

Also unlike the foedwater nozzle, cracks have been observed on the vessel wall
directly beneath the CRDRL nozzle in an area extending downward 6-8 inches
from the nozzle blend radius. The cracks on the vessel wall are mainly
circumferential. They are believed to result from high-cycle thermal stresses
related tu stratified flow of cold water along the bottom of the nozzle and
down the vessel wall as it mixes with the downflow of reactor water.

Although swe inferences could be drawn from differences in the extent of
cracking observod in CRDRL nozzles that used different thermal sleeves, this
does not seem worthwhile, because system changes are available to completely
eliminate the CRDRL flow and thus the cracking problem.
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7 SOLUTIQ9S

7.1 Nozzle Rem1ar

Unless clad rmoval is plannd, cracks found in inspection of the CDRL nozzle
aust be rovod by grinding, using the s _ tochniques of rpeated PT and grind-
ing that are used on fdeater nozzles. The area to be xmined should nclude
the nozzle bore and bland radius and a broad area on the reactor vessel wall
immediately below the noxzle blet- adius extending dwomard approximately
8 inches below the lr edge of the blend radius.

7.2 Alternative Solutions Proposed by GE

As mntioned In Section 5, GE proposed alternative mthods for stopping the
flow of cold water through the CWRL nozzle and thus eliminating crack initia-
tion. One of the rcomndations, which could be characterized as immediate
action a effective in the short term, was to valve closed the retrn line
with commensurate flow and pressure changes to the CRD hydraulic systm. The
valves are located outside the primary containment, and flow could be reinstated
by r¢pening whenever necessary. An inherent problem with this ethod is that
the portion of the return line between the valves and the nozzle s tilled with
stagnant water. T h aforementioned 1975 GE task force identified lines con-
taining stagnant water as a source of serious roncern regarding intergranular
stress corrosion cracking (IGSCC) in piping. Frequent nspections would be
requir*d for continued safe operation in this mode.

Another GE recommndation, already implemented at several facilities and con-
sidered by tne staff te be an accoptable long-term solution, is to reroute the
CURL to another fluid syst which in turn is conrected to the reac t or vessel,
and operate with the rerouted line open. This results in only mino. alteration
of the CRD systm Wdraulic characteristics and retains the maxima capability
of the system to provide high-pressure water to the reactor vessel.

In the above rerouting approach, the welded connection to the fluid systm which
serves as the return path to the vessel is typically located outside the reactor
containment. Systms such as the reactor water cleanup system and the reactor
core isolation cooling system (which are connected to the fdwater system)
my be used as the point for injection of return flow. One drawback to the
rerouting scheme is that the ntroduction of the cold CRD-return water may
cause cracking in the vicinity of the connection if the host" piping is much
hotter, Although not directly attributed to the cold CRD flow, cracking
(discovered by leakage) n the heat-affected zone of a Co modification-related
weld at Plgrim Unit 1 has lerted the staff to the need for nservice inspec-
tion of CRD piping odificatikn welds.

The third and last in the succession of GE recommendations was total roval
of the CRDRL and capping of the nozzle. Several WRs under construction do
not have CRDRLs; neither line nor nozzle will appear in any future GE WRs.

The recommendation to rove the return line was based on the ned to prevent
nozzle cracking and on GE's determination that the line had never been necessary
in order to attain an acceptable CRD reference pressure to the reactor vessel.
Reference pressure for proper operation of the systm may ba obtained by systm
adjustments on operating reactors.
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it was initially thought that the return of excess water and drive movement
exhaust water to the vessel could be accanmodated by flow through the cooling
water header and the drives theselves. However, subsequent testing performed
at an operating reactor in response to NRC staff concerns revealed that flow
in the exhaust-water header resulting from drive movemcnts was not discharged
to the cooling-wat r header. Instead, the water returned to the reactor
vessel through a reverse-flow path involving the insert exhaust directional
control valves of nonactuated CRD hydraulic control units. This discovery
resulted in substantial additional review on the part of NRC staff and GE,
since carbon steel piping was involved and corrosion products could have a
deleterious effect o CRD system operation. Also, the staff was concerned
about continued long-term oerability of the insert exhaust directional
control valve (-121), because it would have to accomnodate reverse flow for
which it was not designed. As dscussed in Appendix D, these concerns have
been resolved to the satisfaction of the staff. System modifications will be
required to assure long-term operation with.no deleterious effects due ti
corrosion products. Modifications will also nclude pressure-equ?lizing
valves.*

The major staff concern regarding the final recoinendation was the loss of aKortion of the high-pressure return-flow capacity to the reactor vessel.
ased on this concern, the staff has concluded that the GE "cut and cap"
recomendation is only t:ceptable for certain classes of WRs, and only for
these after secific iodifications have been made and operability testing
completed. Operability testing should include flow-capacity testing in the
form of a demonstration of simultaneous two-pump operability during which flow
measurements are recorded. More discussion is presented n Section 7.3.

Before iplementing the final recomendation, other plants will require further
analysis of return-flow capability in addition to the modification and testing.
Only two plants, Oyster Creek and Nine Nile Point, will be allowed to operate
with CRDRL and nozzle flow intact.

7.3 Return Flow to Vessel

A ajor portion of the review of the GE-proposed "cut and cap" alternatives
concerned how that odification would affect ability of the CRD system to
provide an ergency source of high-pressure water to the core. The other
alternative solutions" would not significantly affect this CRD system capa-
bility as a high-pressure water source, snce an alternative approximately
equivalent, flow path to the core would be provided for the reroute" case and
opening the valve in the "valve-out" case would restore flow through the line.

"The pressure-equalizing valves perfdm the necessary functions of: (1)
preventing continuous flow to tht normal exhaust-water header and coincident
reverse flow through the V-121 valves mentioned above; (2) preventing flow
from the carbon steel piping of the normal exhaust-water header to the drive
cooling-water flow; and (3) assuring that high differential pressures between
the drives and normal exhaust-water header do not develop. Under certain
unlikely hypothetical circumstances such differential pressures could result
in rod movement at an initial velocty much higher than that for which the
rods were designed.
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The NRC staff recognizes that the presence of the CRD system's high-pressure
flow capability has not been directly assumed in previous safety analyses,
However, the critical need for this capability became apparent to the NRC as a
result of the 1975 Browns Ferry Unit 1 fire, during which the CRD system was
sometimes the only source of high-pressure water to keep the reactor core
covered. The critical need for the water source again was revealed by the
May 2, 1979, incident at Oyster Creek Nuclear Generating Station during which
the reactor core was largely isolated from other sources of cooling water, and
the CRD system makeup capability helped prevent uncovering of the active fuel.

The "cut and cap" alternative could significantly affect the ability of the
CRD system to provide a source of high-pressure water to the core during
certain emergencies. Therefore, the NRC staff requested, and GE provided, a
comparison of such CRD system high-pressure injection capability for various
BWR designs before and after the proposed modification.

The calculations utilized a base case set of conditions that existed during
the 1975 Browns Ferry fire, which placed the most severe demands on the CRD
system experienced to date. During that incident, a normal water level was
maintained above the core (by other systems) until 40 minutes after shutdown.
At this time reactor pressure increased to the set pressure of ttle lowest
setpoint safety/relief valve setting, and concurrently all sources of water
other tn the CRD system were lost. Under those conditions, flow necessary
to kee- the core from uncovering was calculated and compared to the separately
calculated ability of the plant CRD system to provide water to the core, both
before and after the modification, with either one or two CRD pumps in
operation.

We reviewed the calculations of flow required to prevent uncovering of the
core for the base-case conditions. The calculations included maximum water
boiloff rate and leakage, thus ensuring inclusion of ll heat sources (fission
product decay, actinides, stored heat, wall heat, etc.) and all leakage from
the primary system (technical specification limit for identified and uniden-
tified leakage, etc.). Therefore, calculated water required to keep the core
covered was maximized.

We reviewed the calculations of flow that would be available from the present
system (with the return line intact) to ensure that all practical actions that
could be accomplished u,itside containment had been assumed to have occurred
(i.e., opening certain con%-;#; valves). This would tend to maximize the
apparent change, f any, due to elimination of the returp line when flow from
the present system (as calculated above) is compared to flow available from
the modified system.

We reviewed the calculations of low that would be available from the modified
system with the return line removed to assure that assumptions were made that
would tend to minimize the available flow. Valve positions outside containment
were still assumed optimized f aximum flow (just as above), but we required
that new, minimum-leakage seals .e assumed in the drives since, for the
modified system, drive operation exhaust flow returning to the vessel must
"leak" past these seals. Again, this is in the direction of tending to
maximize the apparent flow change due to the modification, and to make it more
difficult to demonstrate flow capability equal to or greater than the flow
required to satisfy the base-case conditions.
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All "flow available" calculations were required to be performed assumi n both
one- and two-CRD-pup operation. Even though two-pump operation was not a
design requirement, the NRC staff felt that such operation would be possible
on many or all plants if procedures were developed and the operators were
familiarized with those procedures and with potential benefits of such opera-
tion during emergency conditions.

Conclusions of the NRC staff review are presented in Section 8.1. Additional
information ca be found in Appendix D.

7.4 C System Operability

During the course of the staff's review of the GE-proposed solutions, many
questions were raised concerning the long-term operability of the CRD system
after modifications had been completed. The problems and solutions, already
presented and discussed in Section 7.2 and Appendix D, were:

(.) Variations in differential pressures across the drives, possibly resulting
i;n improper operation, failure to operate and high differential pressure
under certain conditions.

(2) Possible deleterious effects due to reverse flow through insert exhaust
directional control valves.

(3) Possible deleterious effects due to corrosion products emanating from
remaining carbon steel piping in the CRD system.

(4) Possible other effects on system parameters, such as alteration of scram
times and settle margin.

The staff has determined that appropriate testing of the system after adjust-
ents, modifications, and inservice maintenance as proposed by licensees and
approved after review by the staff, will provide adequate assurance of long-
term system operability.
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8 STAFF POSITIONS AND IMPLEMENTATION

8.1 Acceptability of Alternatives Proposed by GE ;

The various solutions to the CRDRL nozzle cracking problem have been presented
in Section 7.2 nd Appehdix D. The staff has reviewed each of the proposals
in detail and has reached the following cnclusions:

(1) All licensees must nspect, by dye-penetrant testing, the CRDRL nozzle
blend radius and bore regions and the reactor vessel wall area beneath
the nozzle. All cracks must be removed.

(2) Operation of the CRD system with the CRDRL valved out is acceptable only
as an interim measure, and only after commensurate system flow and pres-
sure changes have been attained satisfactorily according to GE-reco mmended
methods. However, frequent inspection of the pipe containing stagnant
water also will be necessary.

(3) Rerouting of the CRORL to a system which connects to the reactor vessel
is preferred. The connection should be outside containment and flow
through the system is the option of the licensee. If flow is not main-
tained, the modifications of (4)(a')-Cc') below will be required. If
flow is maintained or is expected to be utilized during future normal
operation, a pressure-control station see (5) below] in the cooling-
water header will be required. In any case, inspection of the welded
connection (return line to receiving system) will be required.

(4) Only licensees of the following classes of BWRs will b permitted to
imediately implement the GE recomendation to cut and cap the CRDRL
noz_le without rerouting the CRDRL (the option remains open to other
licensees who can prove satisfactory system operation, return flow
capability, and two-pump operation if necessary):

(a) 218-inch BWR/6 (see Appendix D)
(b) 251-inch BWR/6 (see Appendix D)
(c) 183-inch BWR/4 (see Appendix D)
(d) 251-inch BWR/4 (see Appendix D)
(e) 238-inch BWR/6 (based on GE letter MFN-285-79 dated November 27,

1979)
(f) 218-inch BWR/4 (also based on GE letter MFN-285-79)
(g) 251-inch BWR/S (based on GE letter MFN-089-80 dated May 2, 1980 -

two-pump operation required)

Each of the applicable licensees will be required to demonstrate, by
testing, concurrent two-CRD-pump operation (if necessary to fulfill
required flow capacity), satisfactory CRD system operation, and required
return-flow capacity to the vessel. Finally, each of these licensees,
and those electing to reroute the CRDRL with subsequent valve-out, will
be required to install the following modifications:

(a') Equalizing valves between the cooling water header and the normal
drive nvement exhaust water header.

(b') Flush ports at high and low points of the normal drive movement exhaust
water header piping run f carbon steel piping is retained.
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(c') Replacement 0 carbon steel pipe in flow stabilizer loop with stain-
less steel and routing directly to the cooling-water header.

(5) Licensees who choose to route the CRL with continuous return-line
flow to the systm being tapped into must add the GE-recomended pressure
control station to the cooling-water header. This station acts to uto-
matically control cooling-water flow during pressure changes between the
f dwater system and the CRD system (such as an increase to rated thermal
power from hot standby). The addition of the pressure-control station s
also required if continuous flow Is to be utilized during normal operation
in the future.

(6) All applicants undergoing licensing review for BRs designed and con-
structed without the CRDRL and its nozzle must test to prove satisfactory
systm operation, return-flow cability equal to or in excess of the
base-case requirment discussed in Section 73, and to-pump operation.
The applicable modifications of (4)(a') through (c') above also mst be
impleonted. Calculations with regard to base-case return flow require-
ments should be submitted, but in lieu of such calculations th staff my
accept reference to a bounding analysis, f ncessany justification is
provided.

(7) All licensees and applicants, regardless of the particular type of modifi-
cation selected, must establish operating procedures for achieving CRD
flow to the reactor vessel equal to or greater than the boiloff rate of
the base case dscussed in Section 7.3.

8.2 Required Modification. Testina. and Maintenance of CRD System

Postodification tasting ard recurrent maintenance actions will b necessary
as part of the implementation of the various CRD-systm modifications and sub-
sequent operation of the system.

Regardless of the particular type of modification chosen, each licensee and
applicant must deonstrate by test the ability to provide CRD-systm return
flow equal to or in excess of the requirements of the base case of Section 7.3.
If two CRD pps are required for this flow, their concurrent operation must
be dmonstrated by testing. Also, each plant must successfully undergo a
CRD-system perforance test after completion of the modification and before
the reactor is placed in an operational status. The systm-perforabce test
must be accomplished in accordance with test instructions similar to those
prepared by the General Electric Company, as modified to reflect plant-unique
characteristics. An exaale of an acceptable test instruction is the GE docu-
ment OPE 3-377, entitled GE WRSD (Boiling Water Reactor Systms Department)
Test Instruction for Evaluation of Isolated Operation of Fukushima-2/Peach
Bottom-3 CRD Hydraulic Return Line," March 1977. Thi. document ncludes
requirements for special equipment, precautions, data regarding desired
transient response, and data fgarding recording system performance.

Plant-specific requirements are as follows:

(1) Lcensees who have solated the CRDL by the use of valves: In addition
to the postoodification CR-systerperformance test after the valves are
closed and the return-flow-capacity demonstration, the nozzle must be
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dyo-pcnetrant nspected when the modification to cut and cap, with or
without rroutA, s accomplished. Also, during each refueling outage
the portion of the CRDRL containing stapant water must be nspected in
cccwdance with the recommendations of NSREG-0313, Rev. 1, "Technical
Report on Material Selection and Processing Guidelines for BWR Coolant
Presure Boundary Pping (Ref. 2).

(2) LicenAws who have cut and capped the CRDRL nozzle with rerouting-of the
CRDLL (rerouted line flow valved open): We will rquire that the licensee
complete the final PT.of the nozzle, the nstallation of the pressure-
control station of Section 8.1(5), the return-flow-capa ty donstration
and the postmodification CD-syste-perforne test. We will require
that during each refueling outage the licensee nspect the welded connec-
tion joining the rerouted CRD return line to the systa which then returns
flow to the reactor vessel. The inspection, using L, ust nclude toae
mtal to a distance of one-pipe-wall thickness or 0.5 in., whichever s
greater, on both sides of the wld. The pipe nto which the CRD return
flow is conncted also st b nspctd by U to a distance of at least
one pipe dlmter dwnstrem of the welded connection.

(3) Licensees who have cut and capped the CRDRL nozzle with rerouting of the
CRDRL (rerouted line flow valved closed): In addition to the final PT of
the nozzle, the return-flow-capacity dmonstration nd the postmodifica-
tion CM-systw-performance test, the following rquiremnts must be mat:

(a) During each refueling outage, the welded connection joining the re-
routed rCaRL to the systm which then returns flow to t reactor
vesse: . to be inspected. The inspection, using UT, mst include
base mzal to a distance of one-pipe-wll thickness or 0.5 n. which-
ever is greatev, on both side; of the weld. The pipe into which the
CD return flow is connected also must be nspected by UT to distance
of at least one pipe dimeter downstreem of the welded connection.

(b) During each refueling outage, that portion of the CRDRL containing
stagnant water must be inspected n accordance with the recommenda-
tions of NUREG-0313, Rev. 1. This does not apply if the piping con-
taining stagnant water s fabricated from carbon steel.

(c) The CRQ system modifications of Sections 8.1(4)(a') through (4)(c0)
must b accomplished and plant mintennce procedures must be changed
to include such maintenance actions as flushing the exhaust-wter
header and cleaning the filters in the insert and exhaust line if
carbon steel piping is retained. These filters are to be retained
in the ydrulic control unit (HCU) to prevent corrosion products
from being carried nto the CRD mchanimss.

(4) Licenss and applicant who choose to cut and cap the tRDRL nozle
without r'outing of the CRL: In addition to the final PT of the
nozzle, the return flow capacity demonstration and the postodification
CRD-systm-performance test, the following requirement must be mt:

The CRD systm modifications of Section 8.1(4)(a') through (4)(c') must
be accoeplished and plant aintenance procedures must be cha nged to nclude
flushing the normal drive- ovement exhaust-water header and cleaning the
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filte in the insrt a-d exhaust lines if carbon steel piping is retained.
Thes filters are to be rared in the HCU to provnt corrosion products
frm bingcarried nto the CID mchanim.

(5) Nine ile Point d Oyster Cek: The previous PTs in 1977 at both plant
rlmid r,o nozzl c lng. Niagara Ntw Pr Co cho" to restore
the "1Ni ile Point or1 nal design theml lem, which ha bn wded
the nozzlo safe orginn removed to llow PT).
V wI ruire th e nozzl b p rat insct t the tim of

feeter-nozzlinspect1on inaccorc wth T e 2. Th spection
roquirmnt will Include PT of the reactor vessel wail area benat the
1Kele.

Jersey Central Power & Light CoepaW chose to retain the upstr and of
the Oyster Creek therml sleeve, which wax rolled into the nozzle safe
end and tack-wlded in three positions.' The downstream nd of the thermal
sleeve was cut off to permit PT of the nozzle bland radius. It was
replaced by a rovable Insert dmed to be as good as the original sleeve.
We will require that the insert be removed and PT be performd at the tim
of tdwater nozzle PT n accordance with Table 2. This inspcton require-
mnt will include PT of the reactor vessel wall area beneath t nozzle,

Licensees of plants which have already completed one of the options above but
have not accomplished ncessary concomitant system modifications or testing,
or have not stablIshed the necessary mintenante and nspection progrms shall
be rquired to do so prfor to the dat set forth i Section 8.3. This also
applies to applicants whose plants are expected to receive licenses prior to
the date st forth in Section 8.3.

8.3 Staff Conclusions nd Position on ole_wntation

The staff conclusions regarding the acceptability of the various available mod1-
ficatons and the requirements for lplementation, nservice nspection and
maintenance of the rerout" nd cut and W options, are presented n
Sections 8.1 and 8.2. BZ a of our desire to linit radiation posure to
mainternce personnel, we have detemined that licenses of thos plants that
have urcised the "valve-out" (nterm) option must implement one of the other
options no later than June 30, 1982. Also, licenses of thos plants which I
have alray completed either the reroute" or the cut and cap' but have not
accomplished the ncssary concomitant systm modifications or testing as dis-
cussed n Section 8.2, must fulfill all rquirments no later thn June 30,
192. This applies also to applicants whose plants are xpcted to receive
operating licenses prior to June 30, 1962.

Each licensee mUst submit a report of modificatian or completion of rquire-
ents within 6 onths after the outage which allowed completion of necessary

actions by June 30, 92. This submittal must nclude a analyses required
to justify the "cut and cap" option, results of pump and postmodification CD
system testing, rsults of the final CRL nozzle and vessl-wall nspection,
and the proposed lnservice nspection and maintenance progrem. This report
mut be submitted to the Regonal Director of the Office of Inspection and
Enforcement (IE) with copies to the Director, IE, and Director, Office of
Nuclear Reactor Repulation. Applicants of plants to be licensed after
June 30, 1962 will be required to submit such lnformtion during the course of
the normal licnsing review.
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Task A-10
Rev. No. 2
January 1979

1. DESCRIPTION OF PROBLEM

A. BWR Feedwater Nozzle Cracking

Of te 23 operating BSWRs with fdwater nozzle/sparger systms
(normally 4 nozzles/spargers per BWR, nominal nozzle dfa_eter bet n
100-12), 21 have ben inspected to date (1/25/79) resulting in the
discovery of blend radius or bore crackirg in all but three vessels.
Although most cracks have been in the range of 1/21 to 3/41 totl
depth (including cladding), one crack penetrated the cladding nto
the base metal for a total depth of appr?ximately 150 inches. The
initiation of cracking is due to high cycle fatigue caused by fluctua-
tions in water tqp.rature within the vessel in the spa;ger-nozzle
region during periods of low f edwater tn rature when the flow may
be unsteady and intermittent. Once initiated, the cracks are driven
deeper by the larger pressure and therml cycles associated with
startup and shutdown.

Fracture analyses ndicate that the cracks found to date in the
feedwater nozzles constitute a potential safety problm because the
observed rate of track growth with time in service is such that the
margin of safety against fracture will be reduced below acceptable
values unless the cracks are dte.ted and ground out every few years.
Obviously, repair by grirndout can be repeated only a few times before
ASME Code limits for nozzle reinforcement are exceeded. However,
repair by welding buildup of the grindout has not been donstrated
to be acceptable. In addition, the inspection and reowval of cracks
by grinding has caused enough radiation exposure to personnel to be
doed unacceptable as a long-term solution.

B. Control Rod Drive ydraulic Return Line Nozzle Cracking (CRORL Nozzle)

Each of the 22 applicable BRs has one CRDRL nozzle of 3-4 dao ter,
which is normally located approximtely four feet below the level of
the feedwater nozzles (in the Oyster Creek and Nine Mile Point vessels,
the CRDRL nozzle is located at the same level as the feedwater nozzles),
Thermal fatigue cracks have been found by dye penstrant (PT) inspection
of the CRDRL nozzle and the area imediately beneat* the nozzle at
12 units inspezted to date (1/25/79). These cracks resemble those
fou id n the WR fedwater nozzles, and the cause of cracking appears
to b thermal fatigue. All but 2 of the operating dmstic SWRs have
some sort of thermal sleeve (there are several designs) in the CRDRt
nozzle, but because of the limited number of inspections of nozzles
with sleeves, the efficacy of the sleeves is not known.

To date, the principal activity of licensees has been to rerout or
teqporarily valve out the CRDRL. Although both accomplish the intnded
purpose of shuttirg off cold water flow to the nozzle, General Electric
Coepany (GE) has further recomended that the CRD systm be operated
In an isolated mode. GE recomends against retention of the present
CRDRL, even valved out, because of the potential for stress corrosion
in the stagnant line. GE also rcomends against operation with a
rerouted CRDRL open to the reactor vessel. The recommendation to
isolate the rerouted line was mde on the bsis that rturn to the
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vessel is unnecessary for proper CR9 system operation and that CRD
makeup capability to the vessel will be maintained even when the
return line is eliminated entirely.

The staff still considers the matter of CRD.L isolation to be an
unresolved issue because of questions regarafng the aount f CRD
pump flow which will be available to the vssell the possible effects
of isolation upon various drive paramters, and recently- reported
potontial long-term deleterious effects on crtAin cmponents of the
CRD hydraulic systm. GE has bgun an evaluation of cponent
performance of affected portions of the CRD hydraulic system and has
comenced nvestigation of possible system odifications. The staff
must assess these proposals prior to completion of its review of
this subject. In the intera, the staff will review control rod test
information from each facility which has modified its present CRD
systm by valving out or rerouting. Additionally, to increase
assurance of safety for continued operation, the staff is reco e nding
inspection of the CRORL nozzle blend radius and bore at each BR during
its xt scheduled rfueling outage. As n the case of fedwater
nozzles, we are especially concerned, particularly in the case of
older units, that a potential safety problem could arise from deep
cracks which would necessitate weld repair.

2. PLAN FOR PROBLEM RESOLUTION

Briefly stated, the plan for generic resolution of the BR feedwater nozzle
and CRORL nozzle cracking problem will involve the following:

A. Issue interm guidance to operating units. Such guidance includes
criteria for inspection based upon present knowledge of crack growth
and available techniques and has been issued as NUREG-0312 in July 1977.

B. DOR and DSS Follow Advancements in the Following Areas

(1) Development and testing of effective feedwater nozzle thermal
sleeves and spargers to protect the nozzle bore and blend radius
from thermal cycling and thus minimize or remove the source of
crack initiation. GE has completed such dvelopment and testing
and has written a final detailed topical report fter having
met with the staff to discuss the results of testing. The
supplment to this report, addressing additional RC concerns,
is being written now.

(2) DSS will follow the Brookhaven National Laboratory (BNL) Struc-
tural Analysis Group review of the testing involved in the topical
report referenced above. This NL review has bn completed
and comments have been presented to GE for resolution and inclu-
sion in the report supplement also mntioned above. Howver,
preliminary review of the GE topical report and discussions with
cognizant GE personnel have not produced ny infomation which
would make the staff believe the nw GE design is not a viable
solution, especially since cladding reoval is an integral part
of nozzle preparation for installing the nw sarger/thermal
sleeve. Therefore, the staff has allowed tht nstallation of
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the n GE desin on two operating reactors and has approved
the use of a similar modification on three additional plants,
and has dtermined that operatien of these plants is satisfactory
during the period of the NL review. This also applies to addi-
tional facilities for which the staff may approve modification
prior to capletion of the BNL task.

(3) DOR and DSS will follow the life-cycle testing of certain CRD
system valves. GE has performed such tsting to determine if
long-tim reverse flow will lead to valve degradation. A report
is being prepared. GE also is pursuing various CRD system modi-
fications on requisition" (new) facilities. These modifications,
which will eliminate valve reverse flow, require no CRD return
line to the vessel. DOR and DSS will review the proposed modifi-
cations, which GE may also offer as suggested modifications
to the own rs of operating plants.

(4) Development of viable ultrasonic test (UT) techniques by the
nuclear industry to allow reliable and consistent early deter-
mination of cracking (and credible claims for the absence of
cracking) from positions exterior to the reactor vessel. Such
developmnt of UT is important to both DOR and DSS final positions
especially since two operating plants and several plants in OL
review have a welded themal sleeve-to-nozzle safe-end design.
The developant of UT procedures for these plants is important
because certain regions of the nozzle inner radius and bore are
inaccessible to surface examination. The staff now recognizes
that completion of this UT development may be extended beyond
the length of this generic program. However, this will not hinder
resolution of the major ssue (crack initiation and growth) and
will result in at least a tporarily more conservative stance
on inservice inspections by UT until the issue is resolved
satisfactorily.

(5) Development of various feedwater system and CRD system modifica-
tions as part of the generic effort toward problem resolution.

(6) Issuance of Branch Technical Position paper. (CP and OL plants)
and final NUREG document (operating plants) upon satisfactory
completion of subtasks (1) through (4) above.

3. BASIS FOR CONTINUED PLANT OPERATION AND LICENSING PENDING COMPLETION OF
TASK

As indicated in Section 2.0 the staff anticipates that this task will result
In long term solutions that will provide: (1) assurance that a conservative
margin of safety against vessel failure due to nozzle cracks is maintained
at operating facilities, (2) more stringent licensing requirents concerning
selection of materials and design for nozzles, thermal sleeves, and spargers;
(3) more stringent inservice inspection and repair criteria; (4) odifica-
tion of physical systems and/or operating procedures to minimize the occur-
rence of crack nitiation and propagation; arid (5) reliable inservice
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inspection techniques for detection of nozzle flaws from positions exterior
to the reactor vessel.

Wi4h respect to feedwater nozzle cracking, specific long term corrective
easures will include system and operational changes to rduce the feedwater
to reactor water temperature differential during low power operation, an

timproved thermal sleeve-sparger design to reduce bypass flow which exposes
: the nozzle surface to fluctuating water tperatures, and removal -of clad

from the nozzle surfa;e, which is believed to provide a surface more
resistant to fatigue cracking. Implementing some combination of these
measures after plants are already under construction or are operating is
feasible, e.g., several utilities with operating reactors have already
implemented clad removal and the first new thermal sleeve-sparger design
has been nstalled in an operating plant.

With respect to control rod drive return line nozzle cracking, specific
long term corrective measures will include system modifications that assure
proper control rod drive system performance with the return line isolated
(if one is installed by design) or eliminated by design. Control rod drive

i return line solation has been implemented at several operating facilities
as an interim corrective measure. Studies are currently underway to deter-
mine the acceptability of long term operation in this manner. If these
studies (which are scheduled for completion in early 1979) demorstrate no
degradation of affected components, no further action in this regard will
be necesary for plants so modified.

During the time period required to develop the long term solutions under
this task, interim measures have been taken. Specifically, the staff is
requiring inservice inspection using liquid penetrant examinations at
operating eactors in accordance with the procedures and acceptable criteria
set forth in detail in NUREG-0312, Interim Technical Report on BWR Feedwater
and Control Rod Drive Return Line Nozzle Cracking, July 1977. Licensees
are also utilizing ultrasonic inspectinn techniques in an effort to develop
effective techniques that will allow early detection of subsurface flaws.
Enhancement of ultrasonic testing techniques will substantially reduce
personnel exposures. The scheduling and extent of inspecion is based
upon conservative estimates of crack growth from fracture mechanics analyses
assuming undetected flaws. Scheduling is thus dependent upon the reactor's
record of past repair (grindouts, clad removal, etc.), operating history
(number of startup/shutdown cycles since last dye-penetrant inspection),
and licensee actions to minimize crack initiation by procedural or mechanical
change.

Preservice nspections and an inservice inspection program are also required
of applicants prior to the issuance of an operating license.

The staff has been actively involved in reviewing and approving the results
of nozzle nspections and remedial actions proposed by licensees to assure
continued safe operation. To date the extent of nozzle cracking at operating
plants has been limited to depths which can be removed by grinding without
exceeding ASME code limits for nozzle reinforcement.

In addition the staff has suggested that measuros be taken at affected
operat4ng plants and by applicants for plants in he operating license
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review stage prior to oper3tion, to minimize the occurrence of conditions
conducive to crack initiation and growth. These easures include monitoring
feedwater tpertures and flow, minimizing rapid hangws in feedwater
flow and emperature, minimizing the duration of cold feedwater njection,
avoiding inadvertent or unnecessary HPCI injection, avoiding the unnecessary
introduction of cold water from the reactor water cleanup system, and
eliminating flow through the control rod drive return line (after assuring
proper system operation in an isolated mode). Although cracking of the
oressure vessel nozzles is iportant to safety, NRC staff aalyses indicite
that cracking that has penetrated the vessel cladding will grow at a slow
enough rate such that the cracking does not pose a critical safety concern
today that warrants immediate action. Rather, the staff believes that
sufficient tim is available, due to the conservative design of the reactor
pressure vessel, to permit continued operation of the affected facilities
while studies on these events continued on schedule.

Based on the interim measures being taken at operating facilities and being
required of applicants for an operating license prior to the issuance of
the operating license and the design margins available in the reactor
pressure vessel, we have concluded that operation of such facilities does
not present an undue risk to the health and safety of the public.

For construction permit applications there is reasonable assurance that a
variety of long term solutions will be available from this task and from
the genoric efforts being conducted by the General Electric Company, long
before these plants are ready to begin operation. Even if this were not
the case additional time would be available since operation could be
permitted for a number of years based on inservice inspection and rpair
procedures using criteria similar to those currently being required.

4. NRR TECHNICAL ORGANI7ATIONS INVOLVED

A. Engineering Branch, Division of Operating Repctors. Has overall lead
responsibility for review of all generic inspection, repair, in-service
inspection technique development, weld-repair/annealing study, and
modification (such as clad removal and new design thenmal sleeves/
spargers) efforts. Will gather and disseminate critical information
(fluid flows and temperatures) on operating plants. Will manage UT
and fracture mechanics consultants as listed in Section 5 below.
Issue final NUREG documents.

Manpower Estimates: 0.8 man-year FY 1979.

B. Plant Systems Branch, Division of Operating Reactors. Has lead
responsibility for review and approval of any proposed generic
feedwater or CRD system modifications. Will assist in development
of NUREG documents. Will assist Reactor Systems Branch, DSS, in the
development of CRDRL retention/removal criteria.

Manpower Estimates: 0.2 man-year FY 1979.
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C. Mechanical Engineering Branch, Division of Systems Safety.
with DOR on development of criteria and will issue TP for
similar to NUREG guidance issued for operating facilities.

WillI work
CP/OLs

Will manage consultant on review of test and analytical information
leading to GE topical report. Will review information related to
CRD system modifications.

Manpower Estimates: 0.3 man-year FY 1979.

D. Materials Engineering Branch, Division of Systems Safety. Will assist
DSS-MEB as necessary, in the development of criteria. Coordinate
with DOR on resolution of UT issue.

Manpower Estimates: 0.2 man-year FY 1979.

E. Task Manager, Division of Operating Reactors. Has overall responsi-
bility for coordination of DOR and DSS technical tasks and for the
development and issuance of criteria dcuments.

Manpower Estimates: 0.3 man-year FY 1979.

F. Reactor Safety Branch, Division of Operating Reactors. Will assist
Task anager and Plant Systems Branch in review of CRDRL removal
issues, especially with regard to vessel makeup flow capability.

Manpower Estimates:

G. Reactor Systems Branch,
criteria concerning the
facilitiis.

Manpower Etimates:

0.1 man-year FY 1979.

Division of Systems Safety. Will develop
removal of the CRDRL of applicable CP/OL

0.1 man-year FY 1979.

5. TECHNICAL ASSISTANCE

Contractor Amount
FY 197 FY 1979

Proaram ObJectives

A. Washington
University -
Paul Paris
(Managed by DOR)

$5K

0. Brookhaven National $25K
Laboratory
(Managed by DSS)

$20K

$20K

Perform fracture analyses
of feedwater nozzle cracks
detected in operating
reactors. This is necessary
for generic crack growth
calculations.

Perform indepth review
of GE test and analytical
information to assure
thermal sleeve/sparger
design is viable as a
long term solution.
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6. INTERACTIONS WITH OUTSIDE ORGANIZATIONS

A. General Electric Coaipany

The NRC staff has followed all GE generic testing and developmental
work, especially those tests designed to determine the cause of
cracking and those developments related to UT enhancement. This
coordination will continue.

B. Electric Power Research Institute

The NRC staff will follow closely EPRI UT optimization development
work for the complex nozzle geometry. This work hat other generic
implications (see Task No. A-14).

C. Individual Licensees and Appli.ants of BWR Facilitfes

Each licensee has already been in ived in discussions and written
correspondence with the NRC oncerning inspections to be performed.
This interaction, as well a 4iscussions on a generic basis, will
continue until problem resolution, although the NRC position has been
spelled out clearly in the interim position paper. Applicants for
BWR OLs will also be involved in similar interaction with DSS.

7. ASSISTANCE REQUIREMENTS FROM OTHER NRR OFFICES

Office of Palclnar Regulatory Research (RES). RES is responsible for the
Heavy Section Sueel Technology (HSSl) program. Information obtained 1,o
thib program will be useful in the development of generic fracture analysis
methods for a flaw at a geometri. dsc2ntinuity.

8. POTENTIAL PROBLEMS

The most serious potential problem facing the NRC staff and licensees at
this point is the discovery of a crack large enough to exceed the ASE
code criteria for required reinforcement area. This would result n the
need for a vessel repair (other than grinding) which would be an undertaking
of potentially large poportions and of safety significance.
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4 ,**¢ January 14, 1980

Generic Task A-10

Mr. Richard Gridley, Manager
Fuel & Srvices Licensing
General Electric Company
175 Cur'er Avenue
San Jose, California 95215

Dear Mr. Gridley:

The NRC staff has completed its review of the General Electric Company proprie-
tary topical report NEDE-21821-02 (BWR Feedwatar Nozzle/Sparger Ffnal Report,
Supplement 2, August 1979). The report incorporates in full and replaces the
earlier documents NEDE-21821 (March 1978) and NEDE-218281-01 (January 1979)
and includes changes to those docuents forwarded by your letters dated
March 1, 1979 and March 20, 1979. You also ncorporated nto NWDE-21821-02
those changes in response to our recent comments regarding portions of NEDE-
21821-01.

The staff's evaluation of these reports s nclosed. The evaluation also
imlicitly includes the review of related non-proprietary documents NEDE-21821,
NEDO-21821-01, and NED-21821-02A. NEDO-21821-02A, which is the non-proprie-
tary version of EDE-21821-02, is to be issued after receipt of this letter
and must incorporate this letter and the nclosed Safety Evaluation Report.
In the enclosed evaluation, any reference to an NEDE- document will apply
to the corresponding non-proprietary NEDO- document carrying the same number.

The earlier version of the sparger and nozzle report, NEDE-21840 (BWR Feed-
water/Sparger Interim Report, February 1977) with supplements, is considered
to have been superseded by the final report. Thus it will receive no formal
evaluation and documentation.

As a result of o' review, we have determined that the NEDE-21821-02 report,
with the exception of Chapters 6 and 7 s discussed in the enclosed Safety
Evaluation Report (SER), is acceptable for refe si-cing in connection with
licensing actions involving the removal of cladding and the installation
of the General Electric final desigQ sparger and thermal sleeve. Inservic,
inspection and other additional plant-specific information noted in our SER
should be addressed in applicant/licensee submittals.

The staff does not intend to repelt ts review of the document when it appears
as a reference in a particular licensing action.

Should regulatory criteria, regulations, codes or standards change such
that any of our conclusions concerning NEDE-21821-02 are nvalidated,
you will be notified and given the opportunity to review and resubmit
the report (or submit supplements or addenda) for review should you desire.
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Mr. Richard Gridley - 2 - January 14, 1980

In accordance with established procedure, General Electric is requested
to issue a rvised version of NEDE-21821-02 to include the NRC acceptance
letter together with SER. Both the proprietary and non-proprietary
versions of this docuent must be referenced in future licensing actions.

If you have wV questions concerning our evaluation of NEDE-21821-OZ,
please contact this office.

l ncerely,

4ANW4* Eisen ng Director
Division of Operating Reactors
Office of uclear Reactor Regulation

Enclosure:
Safety Evaluation Report
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SAFETY EVAUtATION FOR THE

GENERAL ELECTRIC TOPICAL REPORT

*BWR FEEDWATER NOZZLE/SPARGER FINAL REPORT. SUPPLENENT 2"

(NEDE-21821-02)

PREPARED BY

OFFICE OF NUCLEAR REACTOR REGULATION

U. S. NUCLEAR REGULATORY CHISSION

REVIEWERS:

R. P. Snaider, Systematic Evaluation Program Branch, Division of Operating
Reactors (Task Manager)

R. E. Johnson, Engineering Branch, Oivision of Operating Reactors

W. S. Hazelton, Engineering Branch, Division of Operating Reactors

R. W. Klecker, Engineering Branch, Division of Operating Reactors

J. J. Zudans, Engineering Branch, Division of Operating Reactors

R. K. Hattu, Mechanical Engineering Branch, Division of Systems Safety

M. R. Hum, Materials Engineering Branch, Division of Systems Safety

S. D. MacKay, Plant Systems Branch, Division of Operating Reactors

P. N. Randall, Structures and Components Standards Branch, Office of Standards
Developent

M. Subudhi, Brookhaven National Laboratory

C-5

M umd



M FEEDWATER NOZZLE/SPARGER FIAL REPORT

SAFETY EVALUATION

TALE OF T S

1.0 INTRODICTION

2.0 BACKGROUND

3.0 DESCRIPTION OF SOLUTIONS

3.1 GENERAL ELECTRIC TRIPLE SLEEVE SRGER DESIGN
3.2 CLAD ROVAL
3.3 MODIFICATIONS TO FLUID SYSTEMS M OPERATING PROCEDURES

4.0 VERIFICATION OF SOLUTIONS

4.1 VIBRATION TESTING
4.2 THEMAL - HYDRAULIC TESTING AND ANALYSIS
4.3 ATERIALS TESTING AND SELECTION
4.4 THERMAL FATIGUE ANALYSIS

5.0 OTHER SPARGER DESIGNS

6.0 ULTRASONIC TESTING AND RECOW4NED INSPECTIONS

7.0 IMPLEMENTATION

8.0 SAFETY CONSIDERATIONS
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1.0 INTRODUCTION

By letter dated September 4, 1979, the General Electric Coepany (GE)
submitted for staff review a topical report entitled "Boiling Water Reac-
tor Feedwater Noule/Sparger Final Rport, Suppl1_nt 2 (NEDE-21821-02,
August 1979). The docuent incorporated in full the earlier reports on
the se subject, NEDE-21821 (March 1978) and NEDE-21821-01 (January
1979), the related changes forwarded by GE letters dated Narch 1, 1979
and March 20, 1979, and changs in response to the staffIs recent c-
mnts on NEDE-21821-01. The rport provides generic information relative
to (1) the design of a modified feedwater sparger and thermal sleeve
assesbly; (2) testing and analjis of this design; (3) analysis of nozzle
cracking, including the identification of the causes of such cracking and
the safety implications; (4) analysis of other odification., such as
nozzle clad removal and system changes, which would prevent cracking or
decrease the rate of crack propagation; and (5) discussion of non-
destructive *amination (NDE) methods and recomended applications for
inspection of BWR nozzles. The rports did not address the related
control rod drive return line nozzle poblem. This matter is being
handled sep rately by the NRC and GE.

The RC topical report review ncluded the generic design and analy,fs of
the modified sparger/sleeve assembly, descriptions and analyses of the
other available solutions and verification of solution effectiveness
(including identification of the causes of cracking. The review also
assessed the ability of the sparger and unclad nozzle regions to
withstand BWR environmental conditions during design lifetimes, the
capability and limitations of the proposed inservice inspection program
and the proposed inspection frequency.
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2.0 BACKGROUND

Of the 23 operating BRs n the United States with fedwater nozzle/
sparger systems (normally 4 nozzles/spargers per BSWR; nominal nozzle
di m ter 10 to 12 nches), 22 have been nspected to date and cracks have
been discovered in the fedwater nozrle blend radius or bore of 18
Although most cracks have been relatively superficfal, a few grow to 3/43
total depth (including cladding) and one vessel exhibited cracks which
penetrated the base metal to a total depth of approximtely 15 inches.
Crack initiation results rom high cycle thermal fatigu as the internal
water temperature fluctuates in the thermal sleeve-nozzle annular region
during periods of low feed4ater tprature when the flow may be unstea4y
and intermittent. Once initiated, the cracks are driven deper by the
larger pressure and themal cycles associated with startup nd shutdown.

Fracture analyses indicate that the cracks found to date in the feedwater
nozzles constitute a potential safety problem because the observed rate
of crack growth is such that the margin of safety against fracture would
be reduced below acceptable values unless the cracks are detected and
reoved periodically. In cases of severe cracking, repair by grindout
could be repeated only a few times before ASNE Code limits for nozzle
reinforcement were exceeded. Repair by weld buildup in the grindout
region has not been demonstrated as yet to be acceptable to the NRC In
addition, inspection and ro val of cracks by grinding involves radiation
exposure to personnel and is deemd unacceptable as a long-tern solution.

Extensive and long-term study of the causes of the problem and the
efficacy of the modified sparger design has been undertaken independently
by the General Electric Company (GE) and the NRC staff. The GE studies
have been documented in the report evaluated herein which represents a
sumation of the ngfneering design, test, and development effort under-
taken and accomplished by GE. The NRC staff has worked closely with GE
and others in the effort to understand and resolve the complex safety
issue. The NRC staff published interim guidance in the form of
NUREG-0312, "Interim Technical Report on BWR Fe dater and Control Rod
Drive Return Line Pozzle Cracking." This guidance will be superseded by
the NUREG document to be issued at the conclusion of the NRC Staff's
generic study.

The safety objective of these efforts was to assure long-term reactor
vessel integrity. Effective sparger design also would permit an increase
in the interval between in-vessel surface examinations. We have
concluded that the safety objective has been met.
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3.0 DESCRIPTION OF SOLUTIONS

3.1 GENERAL ELECTR);C COPANY TRIPLE SLEEVE SPARGER DESIGN

Most of the BRs in operation today wont into service originally with
loose-fitting sparger thermal sleves. After discovery, by inspection,
of the vaious cricking problems caused by the loose-fit design, licen-
sees replaced the original spargers with an nterim, interference fit
design. No domstic BWR is operatfng with a loose-fit design today.

Although the interim interference fit design can reduce bypass leakage
flow, ts long-term effectiveness has been called to question because the
interference fit may degrade with time.

Because of these problems, GE has designed an "improved interference fit
sparger" as described in Chapter 3 of NEOE-21821-02. This sparger
design, also called the triple sleeve spargeru in this report, has been
recommended by GE as a replacement for the interim single sleeve design
mantioned above.

The improved interference fit sparger design was based on the service
experience discussed above and on the thermal-hydraulic test results
described both in Chapter 4 of NEDE-21821-02 and in Section 4.0 of this
evaluation. The tests confirmed the postulated crack initiation and
growth mechanisms and served as input in designs to mitigate such
cracking.

The tests revealed that, for the original loose fit design, the cause of
tharmal cycling was:

primarily . . . leakage flow passing between the thermal
sleve and safe end. This leakage flow, which is at feedwater
temperature, mixes in a turbulent manner with hot downcomer flow in
the annulus bitween the nozzle and thermal sleeve. The mixing fluid
impinges on the nozzle wall causing thermal cycling of the metal
surface. It has been detemined by test and field easurement at
Millstone 13 and Brown's Ferry 2 that the metal temperature
cycling, wh leakage present, has a magnitude of up to 50% of the
difference in temperature between the feedwater and downcomer water.
This cycling occurs with frequencies between 0.1 Hz and 1 Hz and
thus can initiate cracking rapidly. The exact time to crack
initiation depends on several factors ncluding the duration of
operation with low feedwater temperature."

The triple sleve sparger was designed to prevent the thermal cycling
phenomna, thus significantly reducing the kelihood of crack initiation
within the lifetime of the plant. The sparger utilizes three concentric
thermal sleeves, the lnnnermost of which conducts feedwater to the
sparger arms The arms are attached to the sleeve by a forged te,
fastned to the reactor vessel wall at their end points by brackets, and
are designed to deliver fodwater uniformly to the annular area between
the core shroud and the vessel wall. In so doing, they provide
subcooling for the jet pumps and help aintain a uniform core power
distribution.
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Bypass leakage flow in the eedwater nozzle bore will be reduced
substantially by two piston-ring seals and an interference fit. Thus
thermal cyclirg will essentially be elinfnated.

The first, or upstream, thermal sleeve piston-ring seal forms the primary
seal between the nnermost sleeve and the nozzle bore. Water leking
past this seal would ss into the vessel through the annulus between the
inner sleeve and the ld-thermal" (GE terminology) sleeve, which is
supported at its upstream end by a slotted attachment to the inner
sleeve. Attached to the "mid-thermal" sleeve is an outer sleeve which is
fitted tightly in the nozzle bore at ts upstream end to prevent vibra-
tory motion of tile sparger assembly. The secondary piston-ring seal at
that tight nterference joint reduces potential bypass flow to nearly
zero because the pressure drop is very low across the econdary seal.

The sparger arms were modified in the triple sleeve sparger design In one
important respect. Flow is no longer discharged into the vessel through
holes in the sides of the sparger ares, but through elbows mounted on
top. The elbows are fitted with converging discharge nozzles. These
features reduce temperature stratification in the sparger and flow
separation around the periphery of the flow holes at low feedwater flow
(It had been observed that the cold feedwater oved along the bottom of
the pipe during low flow producing a very large top-to-bottom temperature
differential. The resulting thermal stresses caused thermal sleeve
cracking. Similarly, the flow separation had caused flow hole cracking).
Sparger arm cracking, which was another problem with the loose-fit
design, had been solved earlier by use of a forged tee to replace the
older tee box.

The RC staff considered from two aspects the ability of the triple
sleeve sparger to perform its function. These aspects were ts effec-
tiveness in reducing thermal cycling of the nozzle bore and blend radius
and its durability. The two considerations influence both the criteria
for nspection frequency and the inspection method to be recoinended in
the forthcoming NUREG report. Effectiveness will be discussed in
Section 4.

Regarding durability, the principal consideration is the loss of seailng
ability s a result of wear or corrosion. There is sufficient experience
to justify the assertion that the design is acceptable in this regard,
although corrosion of carbon steel safe ends under the piston ring seal
is mentioned by GE as a potential problem warranting ntroduction of
special cladding (high ferrite, unsensitized 308L stainless steel) on the
sesling surface in new plants.

The staff also feels there s some question about the durability and
fatigue resistance of the triple sleeve assembly, especially at the
slotted connection of the "mid-thermal" sleeve to the inner sleeve. No
specific weakness has been identified but past xperience with feedwater
sparger problems indicates that t will be prudent to monitor the
performance of the first units to be installed, and especially to monitor
for leakage.
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3.2 CLAD REMOVAL

The nner surface of licensed BWR reactor vessels, including eedwater
nozzles, was clad with stainless steel. The weld-deposited overlay was
originally installed for corrosion protection of the carbon steel vessel
and to minimize rust accumulation n the vessel water.

However, removal of nozzle cladding coincident with nstallation of the
improved sparger design is now recommended by the General Electric C-
pany. Analyses show that clad removal results in about a factor of two
reduction n cyclic thermal stresb at the surface of the etal. The net
effect of clad removal is to prolong the time to crack initiation if the
magnitude of temperature cycling is low. Removal of the cladding also
increases the nber of startup/shutdown cycles required to grow fatigue
cracks to the limiting depth as specified by the applicable code. This
results from the elimination of stresses due to differential thermal
expansion of the stainless steel and carbon steel near the surface.

Removing the cladding also facilitates the interpretation of ultrasonic
(UT) signals by eli'inating the clad-base-metal interface, a common
source of spurious indications. It removes any metal that may have
suffered fatigue damage.

Bec:use some base metal is removed along with the clad (amounts range
fr;3 0.1 to 0.5 nches of base metal removal), a recheck of the cross-
rectional area available for nozzle reinforceens is required to verify
that ASME Code rules will still be met. The limited experience to date
has indicated that this should not be a serious problem, provided the
clad removal machining operation is performed with full regard for the
as-fabricated dimensions and alignments of the nozzles and safe ends.

Stress corrosion cracking of the cladding and base etal was considered
by GE with the conclusion that clad removal had a positive effect. The
stainless steel clad in some vessels has a relatively low ferrite con-
tent; low enough to render it susceptible to stress corrosion cracking.
Although no instances of feedwater nozzle cracking have been attriouted
to stress corrosion to date, GE believes it possible. On the other hand,
it was stated that the chances for base metal cracking by the BWR nvi-
ronment is slight. Pitting or general corrosion of the exposed base
metal is not expected to be a problem, because there have been no
corrosion Droblems with partially-clad nozzles nor with the areas in
existing ozles where grinding to rove cracks had removed the cladding
and exposed base metal.

The WR reactor vessels for plants undergoing licensing review contain
unclad feedwater nozzles. The feedwater nozzle areas of future BWR
vessels also will be unclad. Regarding clad removal at existing plants,
machine tools have been developed by GE and others to remove the cladding
from the nozzle blend radius and bore to prepare the seating surfaces for
the seals on the thermal sleeve. Typical clad thickness encountered in
grinding out cracks was 0.25 in. (The range was from 0.20 to over
0.50 inches.)
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Based on its own independent assessment, the staff concurs with the GE
assertion that clad removal offers a net benefit toward the goal of mini-
mizing the likelihood of crack initiation. For se reactors with high
(420°F) operating fedwatar teperatures, the combination of clad removal
and a zero leakage triple sleeve sparger may be all that is n ;ssary to
suppress cracking within the design lifetime. Other reactors with lower
feedwater temperatures may rquire systems changes as noted in
Section 3.3.

3.3 MODIFICATIONS TO FLUID SYSTEMS AND OPERATING PROCEDURES

3.3.1 Oblectives

NEDE-21821-02 ndicated that the overall objectives of the various
solutions for the BR nozzle cracking problem were: (1) to prevent
the Initiation of cracks and (2) to limit crack growth to less than
lOX of the wall thickness during the life of the plant, if they do
initiate. GE considers limiting crack growth to be the more impor-
tant objective. However, these objectives my not be met for all
operating plants if the cladding were removed and a single sleeve
sparger with zero leakage were installed. This s particularly true
for those plants with lower feedwater temperatures during full power
operation (such as 340°F rather than 425°F). These objectives could
be met for these plants by clad removal and with a triple sleeve
sparger with zero leakage. However, the sparger performance s very
sensitive to leakage and it is not certain that leakage would be
avoided during the life of the plant. Therefore, it is advisable to
augent clad removal and sparger redesign with modifications to
fluid systems and changes to operating procedures, in order to
further reduce thermal cycling within the feedwater nozzle.

Although clad removal and sparger redesign may not, by themselves,
be accepted as a general solution for all WRs, GE analyses indicate
that system and procedural changes alone would not be sufficient to
meet the overall objectives. Therefore, a particular solution must
b derived for each BWR and will in most cases consist of clad
removal, a new sparger design and some system and procedural
changes.

3.3.2 Specific System Modifications

3.3.2.1 Low Flow Controller

The low flow controller would be used to control feedwater flow over
a range of flows from O.5X to lOX of rated flow for the purpose of
reducing thermal cycling during periods of low feedwater flow and
high subcooling. Analyses show that system changes in general do
not make a large contribution to delaying crack initiation.
However, there is also analytical evidence which shows that a low
flow controller would be necessary to limit crack growth to less
than one inch in 40 years.
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3.3.2.2 Reactor Water Cleanup System (RWCU) f
This system modification would involve rerouting the discharge of
the RWCU to deliver the flow to each feedwater nozzle. Although
NEDE-21821-02 shows that system changes in general do not make a
large cntribution to delaying crack initiation, it does show that
rerouting the RCU can decrease the usage factor with respect to
crack nitiation from .70 to .46. This would represent a signifi-
cant usage factor reduction in those plants where rerouting s
feasible.

3.3.2.3 Other System Modifications

NEDE-21821-02 presented an evaluation of the low flow controller and
the rerouting of the RWCU in terms of limiting crack initiation and
crack growth. Although only these two possible modifications were
evaluated, other solutions may exist and are not excluded by this GE
report.

3.3.3 Plant Operating Procedures

EDE-21821-02 suggests that there are many improvements that can be
implemented to reduce thermal cycling in the feedwater nozzles. A
"Proposed Alternate Operating Procedure" combined with some system
modifications was evaluated and the results given n Table 4-31.
The proposed procedure consists of the following:

1. RWCU flow would be directed to all feedwater nozzles at maximum
flow rate and exit temperature during all low flow conditions
prior to turbine loading. Some plant designs would require
piping changes to achieve this.

2. The turbine would be accelerated, synchronized and loaded at a
reduced reactor pressure of 600 psig (instead of 1000 psig).
Main steam bypass just prior to turbine acceleration would be
the minimum compatible with that action (approximately 5).
Operating plant procedure changes would be reouired to achieve
this. To our knowledge, early turbine roll his not been
attempted yet at any operating facility.

3. Turbine extraction heaters (at least the top heater) would be
in service at the time of, or before, turbine loading to 5%.
Most feedwater train designs, ncluding heater drain charac-
teristi:s, are compatible with this operation. Some heater
equipment change might be required in a few cases to achieve
this.

4. For start-ups and shut-downs, the feedwater control system
would be capable of low flow control sufficient to eliminate
on-off feedwater operation and with sufficient controllability
to preclude greater than 25°F peak-to-peak mixture temperature
variations during steady demand. Though this feature contri-
butes some benefit toward reduction of high cycle fatigue, it
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is the single most effective feature applied to mitigate the
low cycle fatigue problem discussed in other sections.

5. Plant operating procedures generally would be modified to
minimize the total time pent at large subcooling and to reduce
the subcooling experienced for long periods of time, particu-
larly at high feedwater flow rat6s.

The evaluation presented n NEDE-21821-02 showed that tha largest
improvement in the crack nitiation usage factor would be achieved by
rerouting of the RCU, .e., a reduction n usage factor from .70 to .46.
The early turbine roll (No. 2) and the early feedwater heating (No. 3)
each would reduce the usage factor by about 10 percent. The low-flow
controller would have little effect on the crack nitiation usage factor
but is necessary for limiting crack growth.

Based on its review, the staff concurs with the GE assessment of system
modifications and the benefits to be achieved by their nstallation.
Plant-specific review will be necessary in order to determine what
combination of odifications is acceptable and necessary.
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4.0 VERIFICATION OF GE TRIPLE SLEEVE SPARGER DESIGN AS AN EFFECTIVE SOLUTION

4.1 Vibration Testing

One of the problems associated with the original loose-fit sparger design
was flow-induced vibration. Such vibration contributed to the formation
of cracks at the junction of the sparger arms and the thermal sleeve.

The vibration was induced by the flow of water through the gap between
the thermal sleeve and the nozzle saft end. The fatigue damage was
aggravated by the geometry of the original tee box junction between the
thermal sleeve and sparger arms.

The gap, and therefore the flow of leakage water, has been eliminated in
the interim interference fit design by the tight fit between the nozzle
and thermal sleeve. The geometry of the sparger/sleeve junction has been
modified in almost all existing plants by the use of the forged tee,
which provides less flow resistance. However, the interim interference
fit is not expected to retain its tightness against accumulated thermal
working of the nozzle and thermal sleeve. Therefore, as stated in
Section 3, GE has recomended the installation of the triple sleeve
sparger, which utilizes piston ring seals in additica to an interference
fit for the purpose of eliminating leakage flow over the long term.

Testing was required to identify the vibration characteristics of the
triple sleeve sparger design to verify that this sparger would not
experience conditions similar to those whicn resulted in problems with
the original designs. The experlmenal goal was to demonstrate that the
sprger was vibration-free during all operating flow regimes, thus
helping to assure long sparger operating life.

As described in Chapter 4 of NEDE-21821-02, GE's test facility was able
to accomodate a full-scale sparger, and severa different variations of
the triple sleeve design were tested. The recirculating loop providing
water to the sparger could deliver 5300 gpm flow at approximately 32 psid
across the sparger.

The experiments involved flow sweeping (modifying flow slowly and stead-
ily) from minimum to maximum anticipated flow. During the flow sweep,
instruments recorded strain, acceleration, and displacement concurrently
with differential pressure across the sparger. The instrumentation
included accelerometers (radial, vertical, and circumferential), bending
rtrain gauges (vertical, horizontal, and radial), and displacement trans-
lscers to sense vertical, radial, and circiaferential motion.

The intent of the program was to simulate all loadings that the sparger
would see during all phases of reactor operation, including self-generated
and externally applied loads. To obtain a conservative range of results,
leakage flow was an active test variable n the five mockups, varying
from essentially none to substantial flow.

In general, the vibration levels of the triple sleeve sparger were
acceptably low for all flow and load variations tested. Spectrum
analyses were performed where strain or displacement sensor alitude
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readings were higher than nortl. These analyses were to determine the
values of strain or dsp acement at single fundamental response frequencios,
Care also was taken to allow sufficient time during sweep testing so that
any tendency for vibration aulitude build-up from structural resonance
would be noticed. In all cases, the experimental values of strain and
displacement were low.

The tests also indicate that, assuing all external driving forces were
modeled in the testing, the triple sleeve sparger is free of vibratio.*l
problems. We conclude that the tests were representative, the results
acceptable, and that this design has solved one of the problems recog-
nized In the original loose-fit design and potentially present in the
interim interference-fit design. Therefore, the design is acceptAble
from this aspect.

4.2 Thermal-Hydraulic Testing and Analysis

Although the cause of crack initiation was generally assumed to b thermal
fatigue resulting primarily from leakage flow passing betw the 1.hermal
sleeve and safe end, extensive testing was considered nces y to
characterize the flow instability and to test the various desig; soluticns
under consideration.

The open tank used by GE for vibration testing of full size feetwater
spargers was modified to provide a 100°F temperature difference between
the simulated separator downcomer flow and the feedwater flow. The
nozzle area was instrument*d for temperature easurement by the saw type
of sensors as those used n operating reactors (Millstone 1 and Browns
Ferry 2). The natural bypass leakage around the thermal sleeve was pre-
vented by 0-ring seals and controlled leakage was introduced at taps
around the safe end circumference. The tests run in this two-teperature
test (T) facility provided the basis for the explanation by GE regard-
ing the causes of feedwater nozzle cracks, and the 2T2 facility was the
proving ground for various proposed sparger design alternatives to stop
the thermal cycling.

A typical test of a given configuration required several runs at different
feedwater flows. From the temperatures taken at a given location during
a 4-minute time interval, the peak-to-peak amplitude was measured and
reported as a percentage of the available temperature difference at that
instant.

In the first tests, the facility was fitted with a loose-fit T-box sparger
sleeve like the original Millstone 1 sparger. The pattern of temperature
cycling was found to be similar to that at Millstone 1, and the amplitude
of thermal cycling was n proportion to the dfference in the available
AT (difference between reactor and fedwater temperatures). Substant4illy
greater AT exists in an operating reactor.

Some of the significant test results were:

1. For large bypass leakage flow and low feedwater flow, the cyclic Al
of the watir near tne nozzle blend radius was nrrly 100 of the
available AT.
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2. The alitude of the cyclic temperature at the blend radius metal
surface was approximately one-half of the water tqerature amplitude.

3. Cyclic T nidty along the nozzle bore was dependent on the leakage
flow rate, which apparently determined where the mixing of hot and
cold water was taking place. For the forged tee sparger, the cyclic
AT results for the bore and blend radius were about equal at low to
medl,A leakage rates. Above the mdiu rate, the values for he
bore dropped off sharply.

4. With no leakage, the cyclic AT was about 20 percent at low sparger
flow, increasing to 30-40 percent at high flow. A concentric double
thersal sleeve reduced this to 10 percent.

To confirm that thermal fatigue was the cause of the feedwater nozzle
cracking, tests were run on large rectangular specimens containing a cen-
tral hole through which hot and cold water flowed alternately to produce
themal cycling while the specimen was under a tensile load. Cracks were
initiated by this method. he number of cycles required to produce a
crack was reduced when the hole surface was clad with stainless steel,
and was least when the clad had been heavily coldworked by a chamfering
operation.

As noted above, various design alternatives were tested in the 2T* program,
such as:

1. A vortex suppressor, consisting of a vertical plate fastened beneath
the forged tee fn a plane containing the axes of the nozzle and the
vessel, was tested to see if it would reduce thermal cycling of the
blend radius region by preveniting changes in the leakage flow path
from one side to the other. The vortex suppressor was effective in
reducing thermal cycling when there was significant leakage flow,
but was considered unnecessary with the triple-sleeve design, which
minimized leakage.

2. A tlow baffle, consisting of a disk placed around the sparger sleeve
at the vessel ID to close the annulus opening, was tested but the
Idea was abandoned when the baffle was found to cause severe
stratification of the water n the annulus region near the safe end.

3. A hot flushing concept was tested to determine whnther the intro-
duction of hot water at the safe end to flush cold water from the
annulus would be beneficial. Results indicated that the required
flow of hot water would be quite high and other %oncepts were deemed
to be preferable.

4. A concentric double thermal sleeve design was tried n various
configurations in the evolution of the final configuration of the
triple thermal sleeve design.

Finally, the 2 facility yelded heat transfer data useful for
calculating operating conditions other than thos simulated in the tests.
Comparisons also were made between the in-reactoi measurements at
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Millstone 1 and rowns Ferry 2. asd on comparison of the relationship
of metal tpevature therml cyclirg to that of the water In the annulus,
the heat traMter cofficients were considered to be surprisingly high.

Confirmatory tests of the effectiveness of t triplc .l,eve sparger
design were performed in a GE test facility near Paci-ic t-as Electric
Copazny's Moss Landing Power Plant in California. F ter and super-
heated stem were obtained to provide test temperatures that matched BWR
operating conditions. The test was full scale with the exception of
sparger arm reduction in length to fit the test vssel. The Moss Landing
test was requirec because the 2 tpratures (70°F fdwater, 160°F
reactor water) did not provide a sufficient density difference to
simulate the cold fdwater stratification in an operating plant. The
Moss Landing facility did accurately reproduce the tmperature fluctua-
tions found in operating reactors. Therml cycling was shown to be
reduced to acceptable levels with the triple-sleeve sparger design. The
testing also showed that the themal hydraulic perforance of the
triple-sleeve sparger design is acceptable.

In addition to the above confirmatory tests of thermal-hydraulic
characteristics of the triple sleeve sparger, the new design also was
subjected to a thermal shock test. This test, in a separate Moss Landing
fixture, was intended to verify behavior of the seals and interference
fit and to verify the mechanical integrity of the tested components. A
total of 110 thermal shocks was imposed by heating the sparger sleeve
seal region to 554F, then quenching with 70°F water. The results
revealed some tendency of the piston rings to bind in their grooves and
malfunction. As a result, minor design changes were made. The inter-
ference fit relaxed from 0.023 to 0.010 inch in 20 cycles (before housing
rebore to simulate corrosion of the safe end sealing surface).

The NRC staff believes that the testing done in the two-temperature test
facility and at oss Lnding dmonstrated that the thermal-hydraulic
phenomena that caused feedwater nozzle cracking have been reproduced in
the laboratory. The test results are sufficiently quantitative to pro-
vide an adequate basis for analysis of new designs. With regard to the
triple-sleeve sparger design, the staff has concluded that the test
results deonstrate that t should be effective in reducing thermal
cycling of the fdwater nozzle bore and blend radius areas.

4.:. Materials Testing and Selection

Section 4.6 of NEE-21821-02, entitled Sp*rger LIfe,N describes the
materials selected for the triple sleeve sparger and sunarizes the
stress analysis and fatigue analysis that aCcoMpanied its design.
Inconal 600 was chosen for the piston rng seals and the upstreom nd of
the thermal sleeve to obtain a close match of the coefficient of expan-
sion of the seal, the sleeve and the safe nd. The triple sleeves are
Type 316L stainless steel. The sleeves cannot be solution treated after
welding, hence the low carbon Type 316 stainless was chosen to prevent
stress corrosion cracking.

As noted in Section 3.1, the staff feels there is some question about the
durability and ftigu resistance of the triple sleeve asseobly,
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especially at the slotted connection of the id-thermal sleve to the
lnmr sleeve. Although.no specific weakness has been identified, past
experience with the fedater sparger problems sugests that early
inspection of the first installed units y be prudent. Hover, with
the xcption of the possible problm with the slotted connection, the
staff has found the selection of materials to be satisfactory.

4.4 Thermal Fatis Analysis

4.4.1 Obective

General Electric performed an extensive fatigue analysis as part of
the triple-sleeve sparger qualification process. The purposes were:
(1) co arisons of the various sparger desfgns; (2) dternination of
advantages accrued by clad roval, and; (3) deter ination of
effects of systm changes proposed to mitigate thermal cycling. The
primary analysis concerned crack initiation resulting from high
cycle fatigue. Fatigue crack growth from an assumed initial
0.25-ich deep flaw also was analyzed. The driving force for the
low-cycle fatigue crack growth was assumed to be related to
startups, shutdowns, and plant transients.

4.4.2 Crack Initiation Analysis

The first step in the quantification process was the development,
from the many records (operating reactor and previously-described
2T2 and Moss Landing tests) of tWerature versus time, of what GE
termed a therml fatigue load" spectrum. Thermal cycles were
counted during a 240 second period, utilizing the "ordered overall
range approach described in NEDE-21821-02. The result was a load"
spectrum in which the ordinate (vertical) axis was the screening
(minimum) aplitude expressed as a percentage of the peak-to-peak
aplitude, and the abscissa (horizontal) was the nber of half-
cycles with a*litude greater than the screening level. Because
each individual spectrum seemed to have similar frequency content,
GE used a single envelope curve which included all of the spectra.

The ordered overall range" approach provided results which were
different thun the 1.0 Hz frequency assumed at the peak alitu5e in
the original GE analyses. As an example, the envelope spectruL
amplitude at 1.0 Hz was only 2% of the peak-to-peak aplitude, and
the large alitude thermal cycles (greater than 95t of available T
peak-to-peak) occurred only about once every 100 seconds.

The next step in the GE analysis was the extension of ASME
Section III fatigue S-N curves to cover the GE region of nterest
and to serve as design basis curves. The resulting curves developed
by GE extended Figures 1-9.1 and I-9.2 of ASNE Section III beyond
10 cycles to 10" cycles.

Using the modified curves, a linear cumulative damage rule, and the
load spectrum determined from the ordered overall ran" approach,
GE derived the cuulative fatigu dage (usage factor) per
1000 hours. The derivation ncluded predictions at various peak
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alternating stresses a&d Iccoltshed for both the nozzle clad-
ding (stainless steel) and bae aterial (low alloy carbon steel).

The peak alternating stresses usd in the derivation were obtained
directly frm wasured values of cyclic temperature diffrence as a
percentage of the available terature dfference T reactor -
T fedwater). The tmpraturo dtifference data cme from tho Noss a

Landing test results.

Finally, it was necessary to know the mount of tim spent at
various reactor tperature dfferentials. Two t_ temperature
flow maps were given n NEDE-21821-02. The first was A reference
procedure" characteristic of the present operating mode of BWRs and
the scond a proposed alternate Esic] operating procedure* con-
taining certain system changes and procedural changes as described
in Section 3.3. The probability of crack initiation was evaluated
in tems of the fatig usage factor for several combinations of
sparger design, fdwater tmperature and operating procedure.
These were sumarized in EDE-21821-02.

The conclusions dran by GE from comparison of tabulated fatigue
usage factors for the various combinations of proporzad solutions
included the following:

1. Predicted crack initiation times were in general agreement with
cracking observations at plants which had the original loose-fit
sparger design. This provided assurance of the reasonableness
of the analytical method.

2. As anticipated, leakage bypass flow is an extremely iportant
variable, as is the tperature difference T reactor - T feed-
water. For example, in the case of the triple-sleeve sparger
installed after clad removal, GE predicted no crack initiation
in 40 years with full power feedwater t p rature of 420°F and
leakage held to a maximu of 1 gp. If, hover, leakage
exceeds 1 p or the feedwater taqperature during power opera-
tions is as low as 3400F, crack initiation is predicted during
the plant's design lifetime

3. An unclad nozzle with the lded single sleeve sparger designed
for zero leakage should opwrate for 40 years without crack li-
tiation if operating feedkater te rature s 420F. The
fatigue usage factor on such a nozzle could be reduced from
0.77 to 0.46 by adopting GE's proposed alternative operating
procedures.

4.4.3 Crack Growth Analysis

As a first step in the fatigu crack growth evaluation, nozzle 1
stresses were calculated using a finite element model. This allowed
a systematic evaluation of the effect of changes in the heat trans-
fer coefficient produced by changes in sparger design. A turbine
roll event, Involving a step change in fdwater t porature from
550F to OOF at 15% of rated feedwater flow, was used to model a
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thermal transient. Maximm mtal surface stresses developed
typicalij in 2 to 4 minutes, but longer times wre experienced when
the ht transfer coefficient wAs low. Therefore, in order to
determin maxia values, it was ncssary to compute stress
intensity factors as a function of tin for each value of assued
crack depth. The nitial flaw was assued to be a smicicle
0. 25-Inch deep.

Based on recent data concerning reactor thermal operating history,
GE made a refInment in -the ori gi1nal model 'of the low frequency
stress cycles. That model had defirned a startup/shutdown cycle as
the combination of one pressure cycle (0 to 1050 psi and return to
0) and six therml cycles in which feedwater temperature cycled
between 100F and 55F. The revised model cprises three scrms
to low pressure hot standby and return to power for each startup/
shutdown cycle. A reactor lifetime is considered to include 130
startup/ shutdown cycles and 390 scrm cycles. A scram is assumed
t. include 60 on-off fedwater flow cycles during which feedwater
te*erature varies froI 1004F to 300F and 1 such cycles with
teeperature variation from 100F to 40F.

The new model for crack growth was compared with kniw data tfrom
operating reactors. Specifically, the growth of a 0.25 inch crack
was coopared with the crack growth observations at Pilgrim, Mine
Nile Point and a foreign reactor when each utilized the original
loosefit sparger. A best fit curve was used for the relationship of
da/dN (crack growth rate per cycle) as a function of effective
stress intensity factor. Good agreemnt was obtained with predic-
tions based on a heat transfer coefficient of 2000 BTU/HR-ft-F for
the original loose-fit sparger.

The predictions of fatigue crack growth were then used in the
evaluation of sparger designs and the determination of the need for
a low-flow feedwater controller. Results are described in
Section 3.3, above.

4.4.4 Staff Evaluation and Conclusions

The staff has reviewed the GE analyses discussed above and has
concluded that the ethods used and the results are acceptable. We
have further concluded that the results of the crack nitiation and
growth analyses my be applied in establishing generic inservice
inspection requirmnts.

C-21



5.0 OTHER SPARGER DESIGNS

The GE report briefly discusses three alternative sparger designs. The
first of these, the welded thermal sleeve, is in use at three operating
rea-tors (Duane Arnold, Brunswick Un't No. 1, and Hatch Unit No. 2) and
has been installed in two reactors (Zier & WPPSS-2) under inital
licensing review.

The staff generally agrees with the GE assnssment that a configuration
with the thermal sleeve welded to the nozzle safe end provides some
assurance of protection against crack initation if feedwater tperature
during operation is at least 420F. Hbwever, as GE noted in th report,
there are several drawbacks to this particular design. Not noted s the
lack of suitable inspectability of the themal sleeve-to-nozzle weld.
The staff's concern is that weld failure after several years could result
in substantial bore cracking prior to the appearance of cracking on the
accessible areas of the blend radius. The staff s still devoting effort
to the resolution of the inservice nspection ssue, as noted n the
introduction nd n Section 6.0 of this SER. However, dye penetrant
inspections of accessible nozzle areas (an inspection technique acceptable
to the NRC staff) performed already, at Duane Arnold and Brunswick Unit
go. 1, demonstrated the efficacy of the welded design early in the plant
life in that no indications of cracking were found. In addition, a 11.-
1ted visual inspection of the sleeve-to-nozzle weld was perfored at
Duane Arnold, where sparger design allowed such inspection. The weld was
reported to be ntact. Although these early nspection results indicate
satisfactory weld integrity, the inspection program will still require
examinations to assure continued integrity later in plant life.

The second design cited by General Electric s the single piston ring
design, which is simply an augeentation of the interference fit sleeve
design and would serve similarly to the nterference fit as an interim
'fix' until its efficacy has been demonstrated by field experience. GE
acknowledges this in their statement that the N. . . interference ft
will not be lost during the limited design life of this component." The
only operating plants with an installed sparger/sleeve similar to this
are tle Monticello Nuclear Generating Plant and Browns Ferry Unit 1. The
staff will continue to review nozzle inspections at these plants in order
to determine the efficacy of this particular design.

The third design discussed by GE is the interference fit thermal sleeve
design, which was the first counter-measure to the cracking resulting
from loose-fit spargers and is the interim solution mentioned herein.
Experience has shown that the interference fit can prevent crack nitia-
tion but its longevity is limited as it relaxes with time. Therefore,
although it is acceptable on an interim basis, the staff does not regard
it as a longr-ter replacem*nt without relatively frequent inservice
inspection.

Not entioned In the report, since they are beyond GE's responsibility,
are other approved and currently operating designs at Nine ile Point and
Oyster Creek. The staff, while accepting the GE triple-sleeve, double
piston ring design as an effective long-term solution, will review other
proposed designs for acceptability.

C-22

. .... . , J~~~~~~~~~~~~~~~~~~~~~~'

I -W -



'1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:

6.0 ULTRASONIC TESTING AND RECOMIENDED INSPECTION

6.1 Introduction

Chapter 6 of NEDE-21821-02, entitled Ultrasonic Testing," describes the
General Electric UT procedure and results of fedwater nozzle examina-
tions performed by GE. Chapter 7, entitled Recomended Inspections,"
proposes an inservice inspection (ISI) progrm for plants with either the
triple sleev sparger or the welded sparger. The proposed ISI program
differs from the recomendations of the NRC's interim guidance document
NUREG-0312 by poposing to eliminate liquid penetrant (PT) xaminations
and to substitute UT examinations at less frequent intervals.

6.2 Staff Evaluation and Conclusions

The selection of conservative NOE ethods and appropriate inspection
intervals s dependent upon the rwture of the flaws under investigation,
Thermal fatigue cracks detected in the feedwater nozzle blend radius and
the bore region generally have been as deep as 12" to 3/4" total depth
(including cladding) and up to twelve inches in length. Some have been
deeper.

The effectiveness of UT Inspection is adversely affected by the complex
geometry, relatively long exmination metal paths, and cladding
interference encountered in feedwater nozzle inspections.

Currently, the - 'rceptable method for conclusively deterting,
locating and cha izing existing flaws is PT of the inner surface and
removal of cracks by local grinding. However, PT inspections and removal
of cracks by grinding have resulted in significant personnel radiation
exposure and plant shutdown time. An objective of current DE technology
programs is to develop a reliable and effective UT procedure that can be
performed from the vessel exterior surface.

Section XI of the ASNE Code requires periodic volu etric examination of
the feedwater nozzle region. However, a specific recommended procedure
has not yet been published. To iplement NUREG-0312 as required by the
staff, licensees are prforming aupAented ISI programs at designated
intervals of operation, includirv supplemental PT and UT ins;ections
during scheduled outages. There are currently many different UT proce-
dures in use. Evaluation of plant specific practices has been necessary
because the differences in nozzle goetries cbined with certain
inspection variables can influence the examination results. To date, no
specific UT tchnique is acceptable to the NRC as a sole method of
characterizing fatigue cracks. However, there is an extensive effort
underway to develop such a technique.

As a result of there being no repeatable, reliable UT technique which has
requisite sensitivity, the staff does not at this tie accept UT examin-
tion as the sole means of assuring nozzle integrity. We are concerned,
of course, that continued PT exminations result in significant radiation
exposure for licensee and nspection company ezloyees. Therefore, we
will adopt a realistic program which provides credit for licnsee actions
to minimize t possibility of crack initiation and growth. Such actions
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will extend the time between PT inspections. The progrm s discussed
briofly n Section 6.4 and will be published as part of the forthcoming
NUREG document.

The staff has concluded that Chapters 6 and 7 of NEDE-21821-02 are
unacceptable in their entirety and may not be citid as a reference In
licensing actions by either licensees or applicants. For such licensin
actions, the staff will provide specific guidance, using NUREG-0312 unt?l
the forthcoming NUREG is issued.

6.3 Summarv of Continuina Major Activities

Inspection companies, EPRI, and an ASNE Code working group re continuing
major programs to develop a reliable and effective UT procedure for the
nozzle inner radius exmination. The primary oblective he: bn directed
toward the detection and location of flaws. Current xamination tch-
niquns are not sufficiently developed to characterize the dimnsion or
shap of indications with an acceptable degree of accuracy. The only
interpretation presently available s that the minium threshhold depth
of crack has been exceeded. The relatively long ultrasonic wave metal
paths, inherent beam spread, and cladding make uantification of the
indication dimensions extrmely difficult ad could require advancemnts
beyond te state-of-the-art technology. The difficulty will be eased
somewhat because cladding will be removed as part of the installation of
the triple-sleeve sparger.

A comprehensive correlation of UT indications on actual thermal fatigue
cracks compared with PT verification could demanstrate that all cracks
that could affect the structural integrity of the nozzle are detectable
in aw location. The distribution of actual flaws compared to recorded
indications and the minimu detectable flaw depth for a specific UT pro-
cedure also would be established. This type of data may become available
during planned clad rmoval projects. In addition, a full size nozzle
mockup with laboratory-induced thermal fatigue cracks recently has been
fabricated under a project sponsored by the Electric Power Research
Institute (EPRI). A systmatic investigation of the various UT proce-
dures on such a mockup could identify the most ffective procedure in
terms of detectability, reproducibility, and efficiency to minimize
parxonnel radiation xposurs. The results of a similar srvey, using
another nozzle mockup with machined notches, are being evaluated by EPRI.
The vailabillty of these full size test specimens is important for
procedure and personnel qualific2tion and training of operators under
simulated plant nviroments. The most reliable plant inspection
procedures use a nozzle mockup as the calibration block.

The ASNE Code Section XI established a Task Group to define requirements
for a UT procedure applicable to inner radius xminations. The availa-
bility of a full size mockup nd additional supporting data on the UT
response from actual characterized fatigue cracks should provide the
basis for revisions to the ASME Code. The staff will follow the UT
developent programs directed toward deonstrating an effective UT
procedure and will issue apprbpriate further guidance beyond that to be
included in the NJREG document which completes A-10 study.
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6.4 Recommended Inspections

The staff will continue to evaluate plant-specific leak test and
nondestructive examination requiremwnts on a case-by-case basis. PT of
the inner surface nd, if necessary, roval of cracks by grinding, is
the only donstrated *athod to conclusively detect, locate and charac-
terize flaws. The installation of an acceptable fedwater sparger and
aodifications such as clad rw val and systm changes should prevent
cracking or decrease the rate of crack propagation. Therefore, the
current inspiction interval betwen PT xmination will be increased for
plants which have incorporated acceptable modifications.

The staff will provide further guidance on acceptable nservice leak test
and NDE methods and inspection intervals.
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7. 0 IMPLEMENTATION

Chapter 8 of NEDE-11821-02 is a brief discussion of the GE
recoMMendations egarding the implmentation of physical and opirational
modifications.

For plants still under construction, GE recommends that all changes be
impleented prior to startup. However, where completion of physical
changes would dlay startup, GE recommends allowing operation for the
first fuel cycle-with operational changes only. Physical changes would
be made during the first refueling outage.

For operating plants, GE recommends implementation of changes as soon as
it is convenient, preferably during a long outage.

For plants with welded thermal sleeves, GE recommends installation of the
system changes only. For those plants under construction where system
changes would delay the startup, GE recommends delaying the odifications
until an appropriate outage.

Regarding the implemntation of physical changes for plants still under
construction, we will require such changes to be accomplished prior to
initial reactor-operation. Radiation xposure for modification personnel
thus could be avolded.

With regard to operating plants, the staff has concluded that applicable
hardware and system changes should be implemnted as soon as practicable,
Based on the experience of plants which have already removed nozzle
cladding and installed advanced design spargers, this work may be
deferred until the first lengthy outage. We maintain our position as
stated in the interil report, NUREG-0312 (July 1977), that, prior to
completion of all physical modifications, credit will be given for other
actions taken to prevent crack initiation and growth.

While the staff concurs that operating plants with welded thermal sleeves
(see Section 5.0) need only implemnt system changes at this time, we
will reserve comment on the ability of the weld and thermal sleeve/
sparger to remin intact throughout the design plant life, pending
confirmatory inspections.
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8.0 SAFETY CONSIDERATIONS

8.1 Sumary of Chapter 9 NEDE-21821-02

The approach taken by the General Electric Company In Chapter 9 to
evaluate the safety significance of nozzle cracks was to determine the
margin of safety (against rupture of the pressure vessel) using fracture
uchanics calculations. An assumption is made that the maximum flaw size

will be limited to that permitted by Section XI of the ASNE Code. By
those rules, for example, nozzle corner blend radius cracks could pene-
trate base metal to a depth of 0.95 nches in a typical case before
repair would be required. Justification for this assumption is presented
in the report. Fracture mechanics calculations are presented for a
nozzle corner crack, a nozzle bore crack and (just in case a very large
crack remains undetected) a hypothetical through-wall crack extending
both above and below the nozzle. Experimental data are cited in detail
to justify the reliance on linear elastic fracture mechanics (LEFM) and
in particular the extensioi of its use to elastic-plastic conditions.

The salient features of the GE analysis include:

1. Stresses considered to act on the nozzle corner and bore were
pressure stress and thermal stress. Residual stress due to the
cladding was included but other residual stresses were considered to
be small. Stresses related to pipe reaction forces were omitted
without comment.

2. The first step in the safety analysis used a straight LEFN approach
in which KIR or "fracture toughness" was compared to K (pressure).

3. An upper shelf value of 200 ksi j4T was used for K for
temperatures 180°F greater than the reference tempeFature, RT DT,
which was assumed to be +40°F for the nozzle material. It way
stated, without supporting evidence, that 200 ksi 4Th represents a
"minimum upper shelf toughness for reactor vessel grade low alloy
steel."

4. A thermal-hydraulic analysis showed that temperatures at the tip of
postulated cracks exceeded 220°F under all conditions of normal
operation when pressure and thermal stresses were high.

5. Flaw size assumed in the LEFM analysis was 0.95 in. for the nozzle
corner crack and 0.71 in. for the nozzle bore crack. These values
are 10 percent nf the nozzle wall thickness (0.lt) in the direction
of the advancing cracks.

6. To obtain a solution for K (pressure), GE used a three-dimensional
analysis published by Gilmin and Rashid, supported by the solution
for an edge crack in a circular hole and by photoelastic test
results published by Smith.
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7. Safety margins for pressure acting alone were calculated in terms
of:

K = 200 ksi (Ii
Kl (pressure)

To be conservative, the entire pressure stress, including the peak
stress caused by the geometric discohtinuity effects of the nozzle
opening, was considered to be primary stress. The value of K
(pressure) was 62 ks Jn for the "Section XI Flaw," hence thi
safety margin on internal pressure was approximately 3.2.

8. The second step in the safety analysis was to consider the margin of
safety when, in addition to the pressure stresses, thermal stresses
caused by a turbine roll event were included. A step decrease from
5501F to 100°F of the water flowing in the annulus between the
sparger sleeve and nozzle bore was stated to be the most severe
thermal transient for normal or upset conditions. Calculations were
presented for two times in the transient - 90 seconds and 30 minutes.
From the report, the ratio of K (=200 ksi 4TH) to K (thermal) is
about 1.5 to 1.6, but GE does n use this ratio in teir safety
Analysis.

9. To express he margin of safety for cases of combined pressure and
thermal stress, GE introduced a new term, "Fracture Mechanics
!!3rgin," A.

A = IR
KIP +0.5 KIT

Its use is justified by an analysis based r a report (ORNL-T1-5090)
regarding experimental data obtained on the intermediate test ves-
sels in the Heavy Sction Steel Technology (HSST) program at Oak
Ridge National Laboratory. Two of these vessels had nozzle corner
cracks. The facts that thermal stresses are secondary and that
through-thickness yielding occurs prior to fracture at the tempera-
tures of interest are cited to show the conservatism of thif approach.
Also, a precedent from Appendix G of the ASME Code is cited, i.e.,
the requirement that

2K1p + KIT KIR

The values of "A"' are somewhat great- than 2.0 fc- the cases cited.

10. Finally, GE utililed an LEFM leak-before-break analysis in which
very large cracks, one at the top and ene at the bottom of the
nozzle, are postulated to have escaped detection and to have grown
through the wall to form a through-wall crack with the nozzle
opening at its midlength. GE calculated that would not be
exceeded ur.der normal operating pressure until lRe hypothetical
through-wall crack extending above and below the nozzle reached a
critical length of 29 inches.
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11. GE cited experimental evidence obtained by Japanese investigators in
what are called the JAERI* pressure vessel tests. Nozzle corner
fatigue crack growth was easured at a cyclic pressure stress (hoop)
of 0 to 29 ksi at 75'F. The cracks grew through the wall by fatigue
causing a leak to ocesir nstead of a fracture. The fatigue crack
growth rates also we: analyzed by GE for evidence to support the
fatigue evaluation of the feedwater nozzles, especially the predict-
ability of crack growth for deep cracks. There was remarkable
agreement between predictions and observations.

The conclusion reached by GE regarding safety considerations is that
the recomended solutions to reduce cracking and to improve nspec-
tion ethods will result in a significant reduction in the maxima
expected flaw size in an operating reactor. GE believes this reduc-
tion to be so significant that, even with the presince of the
maxima expected flaw in the nozzle of an operating reactor, the
margin aga'nst failure of the steel will be the same as that
inherent in the design, by ASHE Code, of an unflawed reactor vessel.

8.2 Staff Evaluation and Conclusions

The staff agrees with the overall conclusions reached by GE and noted in
8.1, regarding safety considerations. We particularly note the mitiga-
ting circumstance, shown by analyses and testing of fedwater nozzles,
that whenever pressure stresses and thermal stresses are high, the
teqperature of the etal in the path o an existing crack is generally
high enough to provide optiaum crack propagation resistance. The
exception is during a vessel hydrostatic test, for which special limits
are required.

Further as.urance of adequate safety margins has been provided by tests
of several six inch-thick vessels, as part of the HSST Program at Oak
Ridge National Laboratory. The models contained nozzles similar n
design to the feedwater nozzles of boiling water reactors. The test
results showed that the vessels exhibited greater resistance to crack
propagation than had been predicted by conservative fracture mechanics
analyses.

Although the staff has concluded that each step of the GE analysis is
acceptable for the purposes of the generic study, we have coments
regarding certain steps:

Point 3 of the GE analysis - The assumed value of 200 ksi 41- for K of
IFinozzle steel at upper shelf temperatures is insufficiently subs anti-
ated by valid data. The highest measured valuse considered valid,
according to American Society for the Testing of Materials (ASTH)
Standard E-399, is 148.55 ksi 4. The rc:ult was obtained from 
twelve-inch thick specimen.

A tomic Energy Research Institute (Refer to S. Miyazono et al.,
"FarAgue Behavior of Nozzles of Light Water Reactor Pressure Vessel
Model", Third International Conference on Pressure Vessel
Technology, ASNE)
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Experimr . :-zzle teel have shown that its resistance to fracture,
measured t. '-. 3 of the maximu load and corresponding displacement,
increases v 4y with temperature above that at which the valid result
noted above was saastn. Because the reactor vessel is operated at
temperatures higher than that at which the ASTh value was obtained, we
believe GE's use of 200 ksi Ji n their conventional fracture mechanics
analysis to be satisfactory.

Point 5 of the GE nalysis - Maximu flaw sizes of O.lt (t is nozzle wall
thickness) were assuimd in the GE analysis and justified simply on the
basis that .lt represents a limit in Section XI of the ASE Cde. The
staff accepts the 0.t limit, but bases its acceptance on knowledge of
BWR operating experience with regard to the nozzle problem. Substantial
data have been gathered regardfng the correlation of startup/shutdown
cycles with cracking severfty. In addition, there is extensive service
experience with the interference fit sparger serving as an interim solu-
tion prior to clad reoval and installation of the triple sleeve sparger.
From this bdy of knowledge, the staff has conservatively predicted the |
time for an assumed 0.25 inch flaw to grow to O.lt and has predicated its
recommendations for inservice nspection on this prediction. The staff
has gained additional confidence from the GE analyses and testing related
to the development of the triple sleeve sparger which will sbstantially
limit crack initiation and growth. From these factors, the staff has
concluded that the assumed 0.lt maximi flaw size is acceptable.

Point 9 of the GE analysis - The "fracture mechanics margin, A,"
Introduced for tis analysis, is a new concept. The NRC staff accepts
its use for the purpose of treatment of thermal stresses at the feedwater
nozzle. GE justifis use of the concept by referring to tests of flawed
six-in_.h thick vessels in the HSST program. The vessels, prior to burst,
unJerwent greater through-thickness yielding than was predicted by con-
servative fracture mechanics analyses. The staff believes the empirical
factor A is useful and gains confidence rom the knowledge that in the
case of feedwater nozzles, cracks generally advance into a lower-stress
region where there is high temperature and terefore greater resistance
to crack propagation.

As stated above, the staff accepts the use of the GE factor A for this
analysis. However, the staff recognizes the empirical nature of this
factor and may require additional justification for its use in the
future, when more test inforcation will be available.

Point 10 of the GE analysis - The staff accepts the conclusion of GE's
leak-before-break analysis only when it is assumed that the flaw is a
through-wall fatigue crack subjected to normal operating pressure.
Leak-before-break cannot be assured, by the GE analysis, for a crack
which propagates through the wall under higher than normal operating
pressure. Nor is leak-before-break assured when the metal temperature in
the path of the crack is lower than that (upper-shelf) which yields
optio resistance to crack propagation.
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9. 0 CONCWSIONS

Based on our review and evaluation of the infomation provided by GE, the
staff finds the GE topical report NEDE-21821-02, wth specific exception
of Chapters 6 and 7, acceptable as a reference-1n in licensing actions
for both the modification of licensed plants and the licensing of future
plants. Inservice inspection methods and frequency will be addressed by
the NRC in a separate document. Separate correspondence may be required
during the course of licensing actions to obtain plant-specific infonmation
from the licensee or applicant.

We have concluded that the propose4 GE sparger odification, when coupled
with the removal of the stainless steel cladding and fdwater systm
changes when necessary, provides a substantial improvement over previous
GE designs. A reactor vessel thus modified will be%able to operate for
an extended period of time between surface examinations. Extending the
interval between surface examinations will substantially reduce the radi-
ation exposure of plant staff and contractor personnel. However, we
conclude that this specific sparger configuration is not the only accept-
able design. We have approved the installation and use of different con-
figurations by other dksigners at two operating plants and have also
approved welded configurations designed by GE. Any apprnved design will
require some in-service verification of ts continued aceptability
through in:piections.

For-facilities now under review for an operating license, the combination
of the proposed GE sparger odif1cation, an unclad nozzle and appropriate
system changes s an acceptable design. Subjects requiring further
consideration and review are inservice inspection intervals and the use
of leak testing and certain DE techniques, particularly ultraeonic
testing. While the RC staff recognizes that there have beer improve-
ments in NOE techno'ogy in the past few year*, we have not zepted fully
the ndustry eva1uations regardfng improved flaw detection, ecause the
effectiveness and riability of nozzle-related UT procedut £ have not
yet been i%emonstrated adequately under field conditions for real cracks.
The forthcoming NUREG report (to be puilished at the completion of the
ongoing NRC generic program related to BWR nozzle cracking problems) will
define acceptable interim NOE methods and inspection intervals. The
staff recognizes and encourages industry-sponsored hOE pregrams to
demonstrate the reliability of UT techniques and will give credit for
favorable results.
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V '9 UNIED STATES
NUCLEAR REGULATORY COMMISION

I ~~~~WAINWTON D. C.20

January 28, 1980

Generic Technical Activity A-10

Mr. Richard Gridley, anager
Fuel and Services Licensing
General Electric Company
175 Curtner Avenue
San Jose, California 95215

Dear Mr. Gridley:

Since the nitial discovery of cracking n boiling water reactor (BWR)
control rod drive return line (CRDRL) nozzles in early 1977, General
Electric (GE) has proposed a number of solutions to the problem in the
course of which everal documents were submitted for NRC staff review.
These documents were as follows:

1. Letter of March 14, 1979, G. G. Sherwood (GEj to V. Stello and
R. Mattson (NRC) regarding calculation of CRO system return flow
capacity;

2. Letter of April 9, 1979, G. G. Sherwood (GE) to V. Stello ad
1. Mattson (NRC) forwarding results of CRD system solenoid valve
endurance testing;

3. Letter of May 1, 1979, G. G. Sherwood (GE) to V. Stello and
R. Mattson (NRC) forwarding results of CRD system solenoid valve
performance testing; and

4. Letter of November 2, 19:9, G. G. Sherwood (GE) t R. P. Snaider
(NRC) foroarding ddltional information as requested regarding CRD
hydraulic system performance, especially with regard to corrosion
products emanating from carbon steel piping.

All concerned the GE rationale for the latest proposed system modification
to prevent nozzle cracking; namly, total removol of the CRDRL and cutting
and capping of the CRORL nozzle. Previous submittals had presented the
bases for the other modification proposals discussed herein.
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Mr. Richard Gridley - 2 - January 28, 1980

Sp cifically, your March 14, 1979 letter discussed the GE analysis performed
after the NRC's selection of a bass case for use in comparing capability to
inject hgh pressur water nto th reactor vessel when other water sources
were isolated. This base case was the 1975 incident at Browns Ferry Unit
No. 1, during which the CRD systm soetimes was one of the only capable
sources of high pressure water njection to keep the reactor core covered. The
staff recognizes that the presence of this capability had not been directly

' ;assumed in arW previous safety analysis. Howver, the critical need for the
systm was again revealed during, the early 1979 incident at the Oyster Creek
Nuclear Genratinj !"tation. During this incident the reactor vessel also
was isolated from other sources of high pressure water and the CRO system
makeup capability helped prevent uncovering f the active fuel.

Your analysis of arch 14, 1979, included several assumptions which the NRC
* staff has found acceptable. Principal mong these was that concurrent

operation o7 the two CRD pumps was possible at any plant. This of course
implies that there will be no electrical supply limitations and no pump
net positive suction head (NPSH) limits that will be reached. Licensees
and applicants will be required to demonstrate this to be valid, by testing,
prior to our approving CRD return line removal.

The lettsrs of April 9, and May 1, 1979, discussed ti solenoid vave
testing progream initiated in response t earlier NRC concerns. The original
analysis of CRDRL rmoval without rerouting determined that return flow to
the reactor vessel from drive operation would enter CRD cooling water lines
and return to the vesbcl through the CRD mechanims themselves. During
testing, however, you discovered that theactual path would be a reverse
flow path througih the insert exhaust directional control valves of the
non-actuated ydraulic Control Units. The long-term cycling of the control
valves in the reverse direction was a cause of NRC concern with regard to
possible deleterious effects upon the operation of the CRD ydraulic system.

In response to this concern, GE tested ten valves which had been removed
from an operating reactor on which the return line had been isolated for
six months. These valves were then compared against tests performed on
five nw valves. The results showed that the reverse flow characteristics
of all valves were similar and that degradation of the valves to the point
of causing systm malfunction would not be expected during long-term
normal operation of the system. The NRC staff is satisfied with these
results.

Simulated life cycle testing also was performed on five valves, resu ting
in the determination that no adverse effects were caused by the backflow.
The NRC staff has found this acceptable.
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Mr. Richard Gridley

Your final letter of November 2, 1979, dscussed in datail your response
to staff concerns regrding possible degradation of the CRD system nd
individual CRD mechani4ms bcause of corroston problems frou carbon steel
piping. Certain odifications were suggeated to solve these problem.
YDu also discussed your recomendations regarding the installation of
pressure equlizing vlves in the CD systm to prevent, under a hypo-
thetical transient, a laru pressure differential across the CRD systm
which could result in excessively fast movment of a selected control
rod. The valves also prevent flow from the carbon steel pping of the
norml exhaust water header to the drive cooling water header.

We have reviewed your submittals and have concluded the following:

1. Only lcensees of the following classes of plants will be allowed at
this time to ipleent the recomendation to cut and cap with no r-
routing of the CRDRL and without further analysis. Each applicable
plant must deonstrate, by testing, concurrent two RD pump operation
(with one excetion), satisfactory CRD system operation, required
flow capability, and each will be required to install the systm
modifications listed in 4. below.

^. 218" BWR/6

b. 251" BWR/6

c. 183" BR/4 (only one pump needed to satisfy base case requirement)

d. 251" qiR/4

No modifications should be performed on operating reactors prior to
issuance of the For Coment' issue of NUREG-0619, scheduled for
release n January 1980.

2. We do not accept the hypothesis that the calculations for the above
plants were bounding. Therefore, prior to our approval of modification
of other plant classes, we shall require analysis similar to Ithat per-
formed on the plant classes of 1. above. The same testing and system
modifications will also be required.

3. We found the 251" BWR/S (the fifth class analyzed in the March 14, 1979
lett1r) presently to be unacceptable for medification in that ts calcu-
lated flow fell below the acceptable base case value. Further analysis
or plant-specific tsting could prove flow capacity to be acceptable.
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Mr. Richard Gridley

4. We will require that the following modifications be lleennted on all
plants requesting the r val of the CRDRL without rerouting and those
which reroute but choose to operate with CRD return line flow valved
out;

a. Installation of equalizing valves between the cooling water header
and the exhaust water hader.

b. Flush ports installed at hih and low points of exhaust water
header piping run if carbon steel piping is retained; and

c. Replacement of carbon steel ppsi n the flow stabilizer loop with
stainless steel and rerouting directly to the cooling water header.

5. Each licensee must establish rdily-available operating procedures for
achieving maxim" CRD flow to an otherwise isolated reactor vessel.

6. Licensees who choose to reroute the CRDRL, either with or without
continuous return line flow to the system beirn tapped nto, must
add the GE-recommended pressure control station to the cooling water
header. This station acts to buffer hydraulic perturbations from
any connected system in order to prevent pressure fluctuations in
the CD systm.

Mdification 4.c is based upon our decision not to accept the "do nothing"
alternative addressed in your Noveaber 2, 1979 letter. We consider the
"more absolute solution" (your characterization) to be the correct one and
agree with-your recoieLndation, made n accordance with this "more absolute
solution". that the carbon steel piping should be eliminated. We do not
accept the option of filter installation as a means of trapping corrosion
particles that have a deleteriuos effect on the CRD mechanisms. Our con-
cern is that improperly maintained filters on the cooling water header
could result in heatup of drive mechanisms and the possibility of multiple
drive failures of a type not previously analyzed.

Note that we have discussed only the acceptability of the latest GE recom-
mendation discussed in the four lettnrs. We continue to accept CRDRL
re-routing to a line outside containment that in turn provides the return
flow to the reactor vessel (valving out after re-routing results n other
requirements - see 4. nd 6. above). We also find acceptable, as a strictly
interim measure, the valving out of the CRDRL. However, this will require
inspection, during tach refueling outage, of that portion of the line
containing stagnant water. No matter which option is chosen, we will
require complete inspection, by dye penetrant techniques, of the CRDRL
nozzle, the apron area beneath the nozzle, and the subsequent removal of
any cracks found during the inspection.
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Mr. Richard Gridley - 5 - January 28, 1980

For the BRs undergoing licensing review nd designed and constructed without
the CRDRL and its nozzle or odified with the CRDRL cut nd capped without
rerouting, we will require tsting (similar to that for operating plants) to
prove satisfactory systm operation, return flow capability equal to or in
excess of the base case requir ement discussed above, and two pump operation.
Applicable modifications of 4. above alto must be ipleented. W shall
require the establishmnt of operatirg procedures for achieving maximum CRD
flow to an otherwise isolated vessel. Calculations with rard to base case
return flow requirements should be submitted, but in lieu of such calculations,
the staf' may accept reference to a bounding analysis if necessary justification
is provided.

Additional guidance on this subject will be contained in NUREG-0619. This
document s tentatively scheduled for publication in February 1980.

Sincerely,

t i irector
Division of r3ting Reactors
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1 INTRDDUCTION

The "For Coment. version of NUREG-0619, dated April 980, was distributed in
May 196. Its issuance was announced in the Federal gtst r of may 20, 1980,
Vol. 45, No. 99, page 33751. Subsequent to ts release, dr ibution problems
prevented ts timly transmittal to licensees and applicants. As a result,
the public comment period was xtended until July 21, 1980 by Federal Register
Notice of July 10, 1980, Vol. 45, No. 134, page 46587.

2 CONTS RECEIVED

Comments wer received from General Electric Company, Long Island Lighting
Company, Northern States Power Company, Commonwealth Edison Company, and
Vermont Yankee Company. Because so fw comments were received, the major
coments from each comenter are discussed in Secticn 3 below. For ease of
understanding, Section 3 s further divided into two sections, one addressing
comments regarding feedwater nozzles and the other addressing comments
regarding control rod drive hydraulic return line nozzles.

3 SPECIFIC CMENT REVIEWS

All comments received were reviewed; those Judged to be significant are
specifically addressed below. Certain comments were considered Insignificant
from the standpoint of requiring being addressed In the revised UREG
document. These included coments regarding typographical errors or
clarification of system or component functions.

All changes to the NUREG docuent, whether NRC-nitiated from ts own review
or resulting from the incorporation of coments, are marked in the right
margin with vertical marginal lines. Specific coments follow.

3.1 Feedwater NozEles

(1) General Eloctric Company (GE)

(a) GE commented that system changes should only be implemented based on
plant-unique evaluations which deonstrate performance improvement
with respect to crack initiation and growth. We have accepted that
comment with regard to the low-flow controller and have modified our
requirment (Section 4.2, page 16 and elsewhere) such that existing
controllers meeting the-GE-recomegnded characteristics are accept-
able. In the case of reactor water cleanup (RWCU) system rerouting
to provide flow to all fdwater nozzles, recent testing has proven
this to be a beneficial change and we will still insist upon its
implemntation. However in the case of those BWRs under construction
that will have higher feedwater temperatures than presently available
in operating reactors, the need for system changes will be reviewed
on a case-by-case basis.

(b) Another coment addressed clarification of which sparger types would
be exempt from the requirement to remove at least one sparger for
dye-penetrant exuaination. We have modified the requirement
(Section 4.3.2.3, page 17) to specify that accessibility to the
nozzle surface is the reason that the single-sleeve forged tee
sparger s exept from the removal requirement. Additionally, the
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welded clad and welded clad-removd configurations, which also
afford satisfactory accessibility, are already exempted by
footnote 7 to Table 2 (page 18).

(c) A final significant coment regarding the feedwater nozzles proposed
that piston-ring seal refurbishmnt should be based upon usage
factor calculations. In its review of this comeent, the NRC staff
has determined that credit can be given for qualitative leakage
determination from on-line systems. Section 4.3.2.4 further
indicates the staff's willingness to discuss plant-specific factors,
such as usage factor detarmination, as part of its assessment of
need to inspect the nozzle surface.

(2) Long Island Lighting Company (LILCO)

LILCO commnnted that the NRC-proposed inservice inspection plan was too
stringent with regard to the requirement for regular dye-penetrant (PT)
examination on those reactor vessels with unclad nozzles that have
spargers with triple thermal sleeves and two piston-ring seals. LILCO
proposed instead that ultrasonic testing (UT) and visual examination be
the primary means of nspecting these nozzles and that PT examination be
used only if UT or visual examinations reveal discontinuities which need
corrective action.' The NRC staff disagrees with this assessment. It is
the staff's opinian, as stated In NUREG-0619, that present UT techniques
used for feedwater nozzle applications are not capable of accurately and
repeatedly characterizing flaws and quantifying their size. Although we
are encouraged by the effort being made to develop reliable techniques,
further work is necessary prior to NRC acceptance of UT as the sole means
of nozzle examination. Therefore in-vessel PT surface xuairations will
still be required periodically. Regarding the proposal for visual
inspection, t NRC staff cannot agree to ts use on the nozzle surfaces.
In the first place, accessibility for visual inspection is very limited.
Second, tight fatigue cracks that have grown large enough to be detected
visually on a carbon steel surface are likely to have already exceeded
applicable Code limitations.

(3) Northern States Power Company (NSP)

(a) NSP provided a coient addressing proposed change%, to the Monticello
feedwater nozzles that will result in a configuration different from
any other in use today. On the basis of these proposed changes, NSP
requested that Table 2 of NUREG-0619 Part I be modified to nclude
specific inservfce inspection ntervals for the proposed Monticello
design.

Although the NRC staff has approved the design concept for the
Monticello modification, w are not prepared to assign inspection
intervals at this time. However, Table (page 18) has been
modified to include a statement regarding later determination of the
Monticello inspection requirements.

(b) NSP provided nformation regarding resultb of the rerouting of the
RWCU system and testing of the low-pressure (600 psi) turbine roll
concept. The RWCU rerouting to provide heating of feedwater in both
,eedwater loops has been shown to be effective and the requirement
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for it; impleentation has been retained n NUREG-0619. However,
analysis of the early turbine roll" has shown that this technique
is not a feasible means of reducing crack initiation. Page 16 has
been modified to state this.

(c) NSP comented that the NRC-proposed in-vessel leak determination
test probably would not be effective, The NRC staff had received
that coment from others and agrees that the proposed method was
unsatisfactory. It was deleted in the modificaton of
Section 4.3.2.4.

(d) A final NSP comment addressed its belief that licensees should be
given the opportunity to demonstrate that the existing low-flow
controller meets the intent of the GE recommendations. This has
already been discussed under GE comment (a).

(4) Vermont Yankee Nuclear Power Corporation

Vermont Yankee suggested that continued operation with interference-fit
spargers would be, in its opinion, satisfactory. The staff does not
concur and retains its posi'on that nterference-fit spargers are only
acceptable as an interim solution. GE and the NRC staff concluded in
their independent reviews that the interference fit would loosen with
time, resulting n leakage and crack initiation. In addition, the use of
interference-fit spargers results in larger amounts of radiation exposure
for inspection personnel because of the need for increased inspection
frequency (See Table 2). For these reasons, we cannot allow the use of
interference-fit spargers beyond the deadline stated in NUREG-0619.

Regarding this deadline, Vermont Yankee noted that there is a paucity of
equipment available to remove clad and prepare the nozzles for the
improved spargers. Anether comenter noted the difficulty in preparing
for modification of both the feedwater nozzles and the control rod drive
hydraulic system. The NRC staff recognizes the practical difficulties
and has thereby extended the deadlines by 6 months. Thus, feedwater
nozzle modifications must be completed by June 30, 1983, and control rod
drive nozzle (and system) modifications must be compl2ted by June 30,
1982.

(5) Commonwealth Edison Company (CECO)

(a) CECO questioned the need for, and urgency for, installation of
system changes (such as RWCU reroute and improved feedwater low-flow
controller). Its basis was that usage factor increases snificantlY
only with seal leakage. The NRC staff agrees that this is true but
takes exception to the thrust of the CECO comment. First, the RWCIJ
reroute provides a decrease in the probability of crack initiation,
and the low-flow controller helps to mitigate crack growth.
Section 3.3 2 of Appendix C to NUREG-0619 iscusses these changes
and the benefits to be gained from each. The staff believes these
benefits to be significant, even without the presence of seal
leakage. For example, on those plants with relatively low feedwater
temperature, analysis has shown that the low-flow controller may be
necessary to limit crack growth to less than 1 inch in 40 years.
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Also, the shedding of the cold boundary layer rom the inner sleeve
may still be a problem, even though the magnitude of the temperature
differential has been reduced.

A second point is that relatively minor secondary seal leakage may
go undetected for long periods, assuming that an inservice leakage
detection system is not used and that the licensee follows the
inspection requirements set forth in Table 2. The addition of thesei
systems changos as well as clad removal will help to delay crack
initiation and, in the event that cracks do initiate, will reduce
their rate of growth, thus minimizing inspection and repair time and
radiation exposure.

(b) CECO also comented that the schedule of NUREG-0619 would be
impossible to meet. The extensior. of the schedule has been
previously treated in th response to Vermont Yankee above.

3.2 Control Rod Drive Return Line Nozzles

(1) General Electric Company (GE)

(a) GE coimented that flow maintenance should not be required if
rerouting of the CDRL is accomplished to a system that connects to
the rctor vessel. In fact, GE suggests that flow not be main-
tained. The NRC staff has reviewed this subject and has determined
that flow maintenance should be the option of the licensee, with the
various requirements (depending upon the dcision to maintain
rarouted return line flow) delineated. Section 8.1(3) on page 31
has been modified to reflect this. A similar modification was made
to Section 8.1(5) on page 32.

(b) GE also requested that the NRC staff add to the list of pproved
"cut and cap" BWR classes those classes that had been reiiewed since
submittal of the technical information for the "For Conient" NUREG.
This has been done and Section 8.1(4) (page 31) has beei modified to
include the pdated list.

(c) GE provided comments concerning the use Aad care of filters in the
CRD system's insert and exhaust lines and suggested that additional
maintenance requirements for these filters will only be necessary if
carbon steel piping is retained. The NRC staff agrees with this
assessment and has modified Sections 8.2(3)(c) and 8.2(4) on page 33
accordingly.

(d) .n a final comment, GE argued that the elimination of carbon steel
piping in the flow stabilizer loop Section 8.1(4)(c')] (page 32)
should not be a "hard" requirement and that filter installation with
proper maintenance should be satisfactory. The NRC staff does not
agree. First, recent BWR problems with CRD movement argue in favor
of maintaining water quality at its best. The staff does not feel
that filters can accomplish this goal, espucially when the length of
piping to be replaced by stainless steel is only approximately
12 feet. Second, even with the present filters contained in the CRD
hydraulic system, drive movement problems have resulted from filter
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plugging in the CRD mechanisms themselves, showing that filtration
and maintenance procedures have not been totally effective. There-
fore we shall Insist upon the use of the stainless steel stabilizer
loop piping and, as noted in (c) above, will require upgraded filter
maintenance procedures where carbon steel is maintained in other
parts of the system:

(2) Northern States Power Company (NSP)

NSP comented that in ts opinion the pressure control station, to be
installed in the cooling water header [Section 8.1(5)] (page 32). is not
necessary. It argued that the station had no function with regard to
protecting the rerouted CRD system from pressure fluctuations in the
system to which it s connected. It also argued that one function of the
station (repressurization of the exhaust system following a scram) is
already accomplished by an orificed check valve and that the pressure
control station was, therefore, a complicated component redundant to a
simple check valve.

The NRC staff does not concur with this assessment. First, in detailed
discussions with GE concerning this matter, the staff was told that the
pressure control station was added to acco,odate ormal (moderate)
pressure fluctuations in the connected system piping. In addition, the
consequences of a large sudden pressure increase in the connected system
would be limited, in GE's words, by the operation of the flow check
valves n the return line and the new coolin wter header pressure
control station. The station would compensate for the rising C system
pressure resulting from closure of the check valves and would prevent
drive speeds from exceeding the operational limit of 5.0 ln./sec.

(3) Commonwealth Edison Company (CECO)

(a) CECO argued against rerouting of the return line, stating that
additional nondestructive examinations in either case made the two
almost indistinguishable. In addition, CECO noted that they had not
yet been convinced that system modifications, such as the
pressure-equalizing valves, are warranted.

In response, the NRC staff points out that Section 8.1(3) (page 31)
specifically states that the reroute connection should be outside
containment, thus accessible during operation for examination. In
addition, the staff is considering whether to eliminate the reroute
option altogether. Recent pipe cracking events at Edwin I. Hatch
Unit 1 may show that the flow of cold CRD water into the reactor
water cleanup system was a direct cause of the cracking. However,
metallographic examination is not yet complete. As a final point,
the interim valved out line (and possibly the rerouted valved out
line) is not acceptable because of the problem of intergranular
stress corrosion cracking when stagnant conditions exist, if
stainless steel piping has been used.

Regarding the pressure-equalizing valves, the NRC staff has
determined that they are necessary to preclude high-pressure
differentials across the CRD mechanisms during postulated operational
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occurrences. They also serve as a eans of preventing backflow of
deleterious corrosion products from the exhaust system into the CRD
mechanisms.

(b) CECO suggests that the requirement for PT examination of the CRD
return-line nozzle be eliminated for those plants on which inspection
was accomplished when flow was originally valved out. The NRC staff
cannot agree to this suggestfon for two reasons. First, past
experience has proven that tight fatigue cracks are sometimes missed
during examinations when many cracks are present. Those not removed
by grinding will then grow. Second, there is no guarantee that the
isolation valves did not leak, initiating cracking anew.

(c) CECO questions the need for nondestructive examination on terbon
steel piping used n rerouting the return line, when the rerouted
flow is valved off and stagnant conditions exist. Since inter-
granular stress corrosion cracking under sgnant conditions s a
phenomenon known to occur only in stainless steel piping. we accept
this comment and have modified Section 8.2(3)(c) an page 33
accordingly.

(d) CECO's final cosont regarded the schedule for syst4m modifications.
This has been discussed elsewhere.

4 INCOMING DOCUMENTS*

The following incoming letters comprise
preceding sections. All were addressed
Branch, Division of Safety Technology.

the cosents discussed In the
to Richard P. Snaider, Generic Issues
The letters are:

NRC
Accession

Date Number Co any Noe & Title of Originator

June 19, 1980

July 8, 1980

July 11, 1980

July 18, 1980

July 23, 1980

8007070249

8007150655

807170398

800725048

8007280567

General Electric

Long Island
Lighting Company

Northern States
Pinr Cany

Vermont Yankee
Nuclear Power
Corp.

Conorealth
Edison Cooany

Richard L. Gridley, Manager
Fuel an Services Licensing

J. P. Povarro, Project Manager,
Shoreham Nuclear Power Station

L. 0. Mayer, Manager
uclear Support Services

R. L. Smith
Licensing Engineer

Robert F. Janacek,
Nuclear Licensing Administrator,
Boiling Water ReaLiors

*Copies of the five letters are available in NRC POR. The Public Document
Room is located at 1717 H Street, N.W., Washington, D.C. 20555.
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