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NUREG-0619, "BWR Feedwater Nozzle and Control Rod Drive Return Line
Nozzle Cracking.' The report provides the staff's resolution of the
NRC's Generic Technical Activity A-10, which is an “Unresolved Safety
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Public comments received in respunse to the “For Comment® ed!tion of
April 1980, have been incorporated where applicable. Appendix E of
NUREG-0619 discusses the comments 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 describes 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
rqui:ements for licensee and applicant implementation of the technical
positions.,

It is expected that requirements contained in the NUREG will be met.
Accordingly, pursuant to §50.54(f) operating reactor 1icensees are
requested tu furnish, within forty-five (45) days of this letter,
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actions during the interim. After our evaluation of your response the
NRC staff will take action, as necessary to assure that such requirements
and commitmenis are appropriately enforceadle. This may include, as
needed, {ssuance of a Confirmatory or Show-Cause Order,

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

incerely,

.:%z; . r
Division ofWicensing

Office of Nuclear Reactor Regulation

cc:  Service List

|
!




NURRG-0619«REV=-1

NUREG-0615-RE

BWR Feedwater No
Control Rod Drive Return Line
Nozzle Cracking

Resolution of Generic Technical Activity A-10

R. Snaider, Task Manager

Offies of Nuciesr Reector Rng'uhtkm

U.8. Nuclear Regulatory
Commiissicn

Koo
&Y

BIALE B - .
MATIOMAL TECHMITAL
INFOQERATION Sy
23 sEraams B oooEmiaui
wEnd 4 B e



- 7 TNt T AT T TR Y S

Availsbls from

GPO 52)es Progras
Division of Technical informstion amd Document Control
U.S. Muclesr l-gutnlnry Commission
dashington, D.C. 20855

and

Natimal Technical Iaformetion Service
Springfield, Yirginta 22161




NUREG-0619

i
j
{
!
)
)
i

————————— ———

BWR Feedwater Nozzle and
Control Rod Drive Return Line
Nozzle Cracking

Resolution of Generic Technical Activity A-10

N

Manuxcript Completsd: October 1980
Dste Published: November 1830

R. Snaider, Tesk Manager

Oftfice of Nuclear Reactor Regulation
U.s. Nuclur'ﬂ.gul&tory Commission
Washington, D.C. 20665

.....




ABSTRACT

This report summarizes work perfcrmed by the Nuclear Regulatory Commission
staff to resolve Generic Technical Activity A-10, “BWk Nozzle Cracking.”
Generic Technical Activity A-10 is one of the generic technical subjects
designated as "Unresolved Safety Issues” pursuant to Secticn 210 of t.ho'Emr;y
Reorganization Act of 1974, and as such was discussed 1n Chapter Z of the 1978
NRC Annual Report and Chapter 3 of the 1979 KRC Annual Report.

This report descrites ithe technical issues, the independent technical
evaluations performed by the staff and the Genaral Electric Company (GE), and
the staff's technica) positions and plans for continued implementation of the
technical positions. (Implomentation has begun on several operating BWRs and
on BWRs under construction.) »

With regard to feedwater nozzle cracking, the staff has concluded the
following:

(1) The BWR feedwatsr nozzle cracking phenomsncn is now sufficiently
understood to permit a quantitative evaluatfon of the proposed solutions,

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

(3) The use of interference fit spargers and the attendant frequent
g;;pomtnnt inspections will no langer be permissible after June 30,

(4) A new addition to the inservice inspection program is leak deterafnation
chat will verify the intagrity of the thermal-sleeve-to-vessel seal or
\ﬁld. Leak detarmination procedures are not yet standardized by

censess. :

(5) Ultrasonic test (UT) procedures require furither development before
ultrasonic testing can become the primary means of nozzle inspection.

With regard to the issue of control rod drive return line nozzle cracking, the
staff has concluded that the major determinant is the amount of water that can
be returned to the vessel through the proposed system modifications, Hence,
we will presently 21low only certain tlassus of operating reactors (depending
on vassel size and design type and on demonstration of return flow capability)
to implesint the recommended GE solution involving return line removal without
rerouting of the 1ine. Until other licensees can demonstrat: by analysis and
plant-specific testing that syctem operation is satisfactory and that
sufficient return flow to the vessel is available, oparation with either the
return 1ine valved nut of service or rerouted will be required. Only Nine
Mile Point, which uses a welded thermal sleove, and Oyster Creek, which uses 2
rclled-1n sleave design with partial welding, will be allowed tc operate in
their present configurations.

i
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SWRs under construction efther have been designed without the return line or
have removed the return line as a solution to the nozzle cracking probles.

The staff has concurred with this action plan, but has required plant-specific
.tasting to assure propsr system operation and “sturn flow capacity.

This supersedes in its entirety the previously issued NRC rt,
NUREG- » "Interin Technical Report on Feedwatar and Control lo:l‘ggivo
Return Line Nozzl2 Cracking® (Ref. 1). It also supersedes the “for comment”
version of NUREG-0619, dated April 1960. Public comments received were
reviewsd and are discussed in ix E. ‘Changes made in response tn these
comments are noted throughout text by marginal lines.

iv

ce raon




mclooooo oooooo ® ® & o * = 3 B 8 s+ o0

mIATIm L] L] ° L * ¢ & & & o s s o o L] . L] L L] - .

PART I -~ FEEMWATER NOZZLES . . . . . . v ¢ ¢ v s o ¢ o o

1

th

~N O

INTRODUCTION AMD STATEMENT OF PROBLEM. . . . . . . .
1.1 General . . . . c s s s e
1.2 lackgromdandsutmntofl’rob‘lu. ¢ e e e e
1.3 Staff Approach to Review and Staff Conclusfens.
m“’“m‘ll....‘.l‘..o..l

21 Vib".t'm..... * & & o

2.2 Thermal Fatigue and énck Initution : : : .. .

2.2 Crack Propagation . . . . . ... .. .
2.4 Sffect of SystamOperatfon. . . . . . . ... .

DESCRIPTION OF SOLUTIONS . . . . . . . .. ... ..
3.1 New and Improved Spargers and Therms! Sleeves .

3 2 c,.d Mv.“ Ll L4 [ ] L] - [ ] L [ ] L] L] - L] L ] L] L L] - L

3.3 Systams Modifications and Procedural Changes. .
STAFF POSITIONS AND IMPLEMENTATION . . . . . . . . .

4.1 Sparger und Tharmal-Sleeve-Derign Modifications
4.2 Syitems Modificetions and Operating Procedures.

4 * 3 In‘mti °M L] L] L] . [ ] . L] L L] L * L] L] L L L ] L] L .

4.4 Iwplementatfon. . . . ... .. .. v e e e e e e e e
PART II - CONTROL RCD DRIVE RETURN LINE NOZZLES . . . . .

INTRODUCTION AMD STATEMENT OF PROBLEM. . . . . . . .
CAUSES OF PROBLEM. . . . . . v . ¢ v ¢t e 0 o oo o
7.1 Nozzle Repair . . . . . ... .

7.2 Alternative Solutions Propoud by GE. . . . ..
7.3 Return Flow to Vessel .
7 ‘ cm sy.m mr"“t’. L] L) ) Y L] L ] [ ] L ] » [ ] L[] -

e » o o

114
vii

-l

Lt B REER B ove ¥

3HEE &

N N
“

88%% 3 R




CONTENTS (Continued)

8  STAFF POSITIONS AND IMPLEMENTATION . . . . v v v v v v o o o «

8.1 Acceptability of Alternatives Proposed by 6E. . . . . . .
8.2 Required Modification, Testing, and Maintenance

°f cm s 't. L] ® o ¢ & & 8 6 & » o * . » » L L] L ] L]
8.3 Staff Conc'lusions and Position on Implementation. . . . .
REFERENCES. . . . . . . . . . .. .+ .. e e e e e s e e s e

APPENDIX A MRC A-20 TASKGROUP, . . « o & o ¢ ¢ o o o v o v o
APPENDIX B = TASK ACTION PLAN A-10, BWR NOZZILE CRACKING . . . . .
APPENDIX C NRC EVALUATION OF GE TOPICAL REPORT NEDE-21821-02. .
APPENDIX D ugom%m OF GE PROPOSED CRORL ALTERNATIVE
APPENDIX E RESOLUTION OF COMMENTS ADORESSING THE "FOR

COMMENT® VERSION OF NUREG-0619 . . . . . . . . . .

LXST OF FIGURES

1. Typical example of cracks on a fecdwatsr nozzle blend
radius, revealed by dye-psnetrant testing. . . . . . . . . .
2. Typica) example of cracks on a feedwater nozzle bore,
revedled by dye-penetrant tasting . e e e e e s e e
3. Typical reactor vessel internal coq:omnts et et e e e e e
4. Feedwatar spargers showing old and new duims c e s e s e e

S. Lloose~fit spargerproblems . . . . . . . . . . . .. e e e .
6. Typical BWR CRD hydraulic raturn line nozzh (does
not show thermal sleeve/flow shroud) . . . . . . . . « « . .

LIST OF TABLES
1. Summary of BWR fesdwater nozzle cracking problems

and sOTUtIONS. . . . . ¢ &ttt e e e e e e e e e e s e s
2. Routine inspection intervals . . . .. .. ... c o et e e
3. CRDRL nozzle examination results . . . . . e e s s e 4 s e s

vi

31
a
32

35

Al
B-1
c-1
0-1

£E-1

~SNOhesWw

24




ABBREVIATIONS
American Society of Mechanical Engineers

American Society for the Testing of Materials

boiling water reactnr

Commonwealth Edison Company

control rod drive

control rod drive return line
Division of Operating Reactors
Electric Power Research Institute
General Electric Company

hydraulic control unit

high pressure coolant injection
heavy section stee) technology
inside diameter

Office of Inspection and Enforcement
intergranular stress corrosion cracking
inservice inspection

Tinear elastic fracture mechanics
Long Island Lighti :
nondestructive examination

U.S. Nuclear Regulatory Commission
Office of Nuclez» Reactor Regulation
Northern States Power Company
operating license

dye-penetrant examination

Office of Nuclear Regulatory Research
reactor water cleanup

ultrasonic test

vii




BWR FEEDWATER NOZZLE AND CONTROL ROD DRIVE RETURN LINE NOZZLE CRACKING,
~ RESOLUTION OF GENERIC TECHNICAL ACTIVITY A-10

PART 1 ~ FEEDWATER NOZZLES

1 INTRODUCTION AMD STATEMENT OF PROBLEM
1.1 General

Over the past sevareil years, inspections at 22 of the 23 boiling water reactor

(BWR) plants in the United States that have feedwater nozzle/sparger systems

have disclused some degree of cracking in the fesdwater nozzles of the reactor S
vessels at 18 plants. (One plant has not accusulated significant operating -
time as of the date of this report and has not been inspected.) This cracking

is 11lustrated in Figures 1 and 2. Similar crecking has occurred in BWR con-

trol rod drive return 1ine nozzles and is the subject of Part I1 of this report.

Both jssues are considered by the staff tc be satisfactorily resolved, with

the exception of ihe development of improved nondestr-uctive examination (NDE)

techniques. Generic technical activity A-10 is complivted.

Part 1 summarizes the NRC staff reviaw (as part of the Generic Technical
Activity A-10, an Unresolved Safety Issue) of the causes of feedwater nozzle
cracking and associated problems with the feedwater sparger, the testing and
analysis that verify the effectiveness of the propos~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:rs. Several vessels have
six such nozzles and one vessel has only one nozzle T:ree older plants do
not have feedwater nozzles per se and are not consi:: ¢ in this docusent.
Nozzle diameter is 1G to 12 inches, depending on plz. design. Figure 3 is a
cutaway diagram of a typical reactor vesse)l 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 power distri-
bution. An essential part of the sparger {s the thermal sleeve, which projects
into the nozzle bore and is intended to prevent the impingement of cold feed-
water on the hot nozzle gurface. This surface is usually heated to essentially
reactor water temperature by ‘he returning water feom the stoam separators and
steam dryers. However, bypass leakage past the thermal sleeves allowed rela-
tively cold feedwater to impinge on the hot nozzles. The feedwater, when
heated during power operation by extraction steam from the main turbine, is
typically about 100°F to 200°F colder (depending cn reactor design) than the
rcactor water, When the feedwater heaters are not in service, as during
startups and shutdowns, the differentiul could be equal to or greater than
400°F, The bypass leakage past a loose thermal sleeve caused a fluctuation

(at times severe) in the metal temperature of the feedwater nozzle and resulted




Figure 1. Typical example of cracks on a fesdwatar nozzle blend radius,
revealaq by dye-penetrant testing.




Figure 2, Typica! example of cracks on u feadwater nozzle bors,
revealed by dye-penstrant tasting.
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in motal fatigue und crack inftiation. The cracks were then driven deeper by
the larger temperatura and pressure cycles associated with startups,
shutdowns, and certain operational transients.

Figure 4 shows the old sparger design and some of the designs that replaced

it. The tight-fit, forged-tee design 1s used predominantly today as an

interim measuie until the installation of the modifisd triple-sliseve spargers

or other acceptable designs. Tahe triple-sleeve sparger design is depicted in

the propristary Genera) Electiric {GE) document NEDE-21821-A. Saveral plants |
have the welded thermal sleeve design.

Figure 5 11lustrates the problems that have resulted from the loose fit of the
thermal slesve. The staff believes the new designs provide a substantial and
acceptable icproveaent over previous designs and should resolve these problems.

The feedwater 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. Al1 repaired feedwater nozzles iu date have met the
requiremants and 1imits of the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code. No additional action was necessary since
only relatively small amounts of base metal have been removed by repatir
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 ASME Code reinforcement requirements.

Nozzle craéking is potentially serious for the following reasons:

(1) Exce:sive 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 wmetal when cracks are removed by grinding.

(3) The exposure to rad}ation of the personnei 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 summary overview of the U.S. BWR nozzle cracking problem.
The substitution of tight-fitting, interference-fit spargers and increased
licensee attention to proper feedwater control has significuntly reduced the
incidence of cracking in recent years.

1.3 Staff Approach to Review and Staff Conclusions

A task group of personnel in the Office of Nuclear Reactor Regulation was

formed to assess the problem and detarmine acceptable solutions when it bacame
apparent that the cracking problem was widespread and could result in

decrsased safety margins. This issue subsequently became Generic Technical

Activity A-10 and vas initially reported to Congress as an “Unresolved Safety I
Issus” in the 1978 NRC Annual Report. The members of the task group are

Tisted in Appendix A. The latest Task Action Plan that presented the NRC l
staff's review plans 1s included as Appendix B.
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Tadle 1. Susmary of BWR Feedwater Nozzle Cracking Probless and Solutions

First Fesdwater Greatest
Opers- Start- Nozxzle Total Crack
Mant tion ups Inspection Action Taken Depth, In.®
Mamboldt  4/63 110 1976 (TV),  Install new sparger, 0.75
Bay 1977 remachine nozzle
Nine Mile 11/6% 109 1976 (uT), Remachine 4 noziles, 1.5%0
Point 1 1977 install 4 new spargers
Oyster 9/69 97 1976 (UT),  Remachine 4 nozzles, ¢.50
Creek 1977 fnstall 4 new spargers
Dresden 2 4/70 128 1975, 1976 Grind out cracks, 0.50
replace spargers
Millstene 1 11/70 134 1974, 1975, Grind out cracks, 0.55
1976 replace spargers
Dresden 3 /N1 93 1975 Grind out cracks, 0.38
replace spargers
Moenticello n 91 1975 Grind out cracks, 0.50
. replace spargers
1977 Remove clad, install
single-sleeve, single-
piston-ring spargers
Quad 4/72 112 1976 Grind cut cracks, 0.40
Cities 1 replace spargers
Browns 10/73 68 1975 Grind out cracts, 0.16
Ferry 1 replace spargers
1977 Remove clad, install
single~siseve, single-
piston-ring spargers
Browns R/75 36 1975 Repair spargers, 0.03
Ferry 2 no nozzle cracks
1978 Remove clid, install
double-piston-ring,
triple-tharmal-slesve
Spargers
Quad 5/712 102 1975 Grind out cracks, 0.38
Cities 2 replace spargers
1980 Remove clad, install
double-piston ring,
triple~thermal-slasve
spargers
Vermont $/72 61 1975 Grind out cracks, 0.35
Yankee replace spargers
¥Including clad.
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Table 1 (Continued)

First fesdwater reatest

Opera- Start- Nozzle Total.Crack
Plant tion ws  Inspaction Action Taken Depth, In.®
Peach 2/74 6S 1975, 1977 Grind out cracks, 0.38
Bottom 2 replace spargers

1980 Remove clad, install
dogble-piston-ring,
triple-thermal-sleeve
spargers

Peach /74 177 Grind out cracks 0.04

Bottom 3

Cooper 5/74 55 1976 Grind out cracks, 0.18
replace spargers

1980 Remove cled, install
dob'lo-piston-rin?.
triple~tharmal-slesve
spargers

Piigrinm 7712 69 1976 Grind out cracks, 0.75
replace spargers

1980 Remove clad, install
double-piston-ring,
triple-thermal-siseve
spargers

Edwin I. 11774 85 1977 Grind out cracks 0.04
Hatch 1 _

1979 Remove clad, install
double-piston-ring,
t~iple~thermal-sleeve
spargers

Duane 5/74 57 1977 (UT) None

Arnold

(weldcd

tleave)

James A. 1978 Remove clad, install

FitzPatrick double-piston-ring,
triple~theraal-sleeve
ipargers

Srowns 1979 Romove clad, install

Ferry 3 doudle-piston-ring,
triple-thermal-sleeve
spargers

*Including clad.
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The staff performed an indapendent reaview of the nozzle cracking probiem and
evaluated the GE test data for confirmation of the causes of cracking and the
resultant solutions. The review included examination of the causes of, and
solutions Yor, ‘several othar problems that accompanied 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 severe)
documents. The final document, which incorporates the inforzation from all
eariier submittals, 1s topical report NEDE-21821-A (B%R Feedwater Nozzle/
Sparger Final Report, February 1980). Tnis document superseded NEDE-21821-02,
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-21821-02,
The Appendix C safety evaluation documents the staff's detailed review of
KEDE-21821-02 and permits, with few exceptions, the use of NEDE-21821-02 (and
thus now NEDE-21821-A in its place) as a reference document in licensing
actions involving BWR feedwater nozzles. NEDE-21821-A is a proprietary
document, but its non-proprietary counterpart, NEDO-21821-A, is availabie to
the pubiic 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 requirements regarding
ixplementation 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 madification. Another design has
alrcady been approved for use at twe operating reactors. In any case, 2
reactor vessel modified with an improved sparger and other physical and
procedural changes being incorporated as necessary, should be able to operate
for an extended period of time between in-vessel nozzle surface examinations.

As discussed in Section 6.0 of Appendix C, the i{ssue of NOE will require
continuing effort of the steff and various industry groups. The industry
efforts, which the staff will review, are directed toward the development cof
UT procedures that will find and characterize tight fatigue cracks in the
complex geometries and long examination metal paths of BWR feedwater nozzles,
Until the NRC staff is assured that such techniques are capable of reliably
detecting flaws before they violate ASME Code flaw size and reinforcement
Timits, 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 inspection (ISI) requiremerts.

10
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2 CAUSES OF proBLEMS

ix C describes in datail the many problems trith the origingl loose-fit
feedwater sparger design. These prodless are briefly outiined below.

2.1 Vibration

Cruckin? at the junction of the sparger arms and thermul slesve was discovered
during inspection of the loose-fit design and was attributed to vibration induced
by water flowing through the gap betwesn the thermal slesve and the nozzie safe
end. Section 4.1 of Appendix C contains the NRC staff's conclusfon that the GE
triple-sleave sparger deiign has acceptably resclvad the vibration problea.

2.2 Thermal Fatigue and Crack Initiation

Fesdwatsr nozzles exparience thermal stresses because the incoming feedwater
(at 340 to 435°F) is colder than that in the reactor vessel (at ~ 545°F) and
is much colder (at ~ 100°F) during reactor startup before feedwater heaters
are in service and during shutdown after haaters are taken out of service,
Turbulent -'Ixing ot the hot water returning from the steam separators ard
dryers and the incoming cold feedwater causes thermal stress eycling of the
nozzle bore unless it is thoroughly protected by *he sparger thermal sleeve.
Bypass leakage past the juncture of the thermal s.eeve and nozile safe end is
the primary source of cold water impinging upon the noxile bore. A secondary
source is the layer 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 amplitude of such cycling

is sufficient to cause high-cycle fati crack fnitiation in less than 3 years'
service, From analysis and from experience in repairing feedwater nozzles, it
is known that high-cycle thermal fatigue cracks propagate to a depth of about
0#!15 1nch1bef?n the cyclic thermal stress amplitude 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 metal. Also, because of the difference in thermal expansion
tf:ooii'fichnts of the two metals, low-cycle temperature charges contribute to
atigue.

2.3 (Crack Propagation

Stresses of much lower fraquency but higher amplitude than those encountared
during turbulent mixing are caused by the intermittent flow of cold feedwater
into vesse)l during startup and shutdown and during hot standdby conditions
whe) Teedwater i, added to maintain reactor water lavel.  The frequency and
magnitude of these stresses depend to a large degree on whether such additions
are Mdulated smoothly or are made by an on-off flow conirol system. Stress
cycles also are caused by pressura changes during startup. The large, Tow-
frequency thermal and preisure stresses are additive. Such c{ciing can
propl?ato any saall thermal fatigue cracks deep into the nozzie wall if
remedial measure: are not taken.
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2.4 Effect of Systen Operation
The GE teiting and anelysis progras fond that the method of ration of the
fToedwater "

p) an isportant role in the growth of feedwater nozzle
cracks. Also, the reactor water cleanup (BCU) system flov, which
enters the vessel ) only one feadwater nozzle, could be divided so as to
enter the vessel all feadwater nozrles. (Tl'n RICU flow adds heat to

the feedwater. This is fally beneficial when the feedwater heaters are
not in sarvize.) The rasult would be a desrease in the crack growth rate.

Early in the staff's raviww it was discovered that soms ocperators were filling
the reactor vesse! rapidly with cold fesdwatsr atter shutdc.n. This was done
to provide additional shielding and a more comfortasble environment for mainte-
nance workers whe would enter vicinity of the vassel soon after the “flood-
w" action had been W Another deletsrious practice by a few licensess
was “jogging®" (briefly ing on) the feedwatsr pumps to maintain reactor
wvater leve) during sta and shutdowns. This practice arose because the
fesdwatsr flow control valves functioned poorly at low flow.

To our know! naither of the above practices is in use today at operati
reactors. 'm. system 'Iq;rovmntspau sti11 needed (see Sectio:p;.s o'f'o

GE has provided recommendations to 1icensees regarding operation of the feed-
water system and related systems to mivimize the probability of crack initia-
tion and to ainisize the rate of crack th. The staff concurs with GE and
Ticensee efforts to prevent cracking subsequent growth and believes that.
changes in operating procedures form an {mportant part of the overall effort,
The objective is to minimize the temperature differcnce between reactor water
mumgr. and especially to avoid, to the extent practicable, cycling the
r fTiow. '




2 DESCRIPTION OF SOLUTIONS

3.1 New and Improved Spargers ard Tharmal Sleeves

The original loose-fitting spargers are no longer in service, most of taem
having gnn repleced by an intarim, intarference-fit design, and th2 rest by
efther a single-piston-ring seal and single sleave or a double seal with a
triple sleeve ( GE~recommended design referred to herein as the triple-
sleeve sparger). In three operating reactors and two under operating licenss
review, the thermal sleeves are welded to the nozzls safe ond.

Although the intarference-fit design can reduce bypass leakage flow, its long-
term effecti . anass is ?uutlombh because the interference may be lost with
time, Factors preventing the adoption of the welded design as a general solu-
tion were (1) the extreme difficulty and the sign icant personnel radiation
exposures involved in modifying operating reactors, and (2) the almost uninspect-
able resulting weld gecnetry. The single-sleeve sparger with a single seal
has been approved by the staff where the nozzle could not accept the triple-
sleave dusign. In the case of Monticello, whare this single-sleeve design was
used, the 1icenses has made tentative plans to install new nozzle safe ends
that incorporate welded thermal slesves. The NRC staff has concurred {n this
a;;g::«i:h and will assign inspection requirements based upon its projected

[ venass.

Because of these problems, GE dasigned the triple-sleeve sparger. The sparger
uses three concentric thermai sieeves, the innermost of which conducts feed-
water to the sparger arms. The arms are attached to the sleeve by a forged
tee, ore fastened to the reactor vessel wall at their end points by brackets,
and are designed to deliver feedwater uniforxly to the annular area between

the core shroud and the vessel wvall. In so doing, they provide subcooling for
the jet pumps and help maintain a uniforms core pwer distribution The sparger
arms were modified to discharge feedwater into the vessel through eliows mounted
on top and fitted with converging discharge nozzles. These features reduce
temperature stratification in the sparger and flow se) aration around the
periphery of the flow holes at low fesdwater flow.

Bypass leakage flow in the feedwater nozzle bore will be reduced substantially
by two piston-ring seals and an interference fit. Water .leaking past the first
seal would pass into the vassel through the annulus between the inner sieeve
and the “mid-tharsal* sleeve, which is supported at its tgstrul end by a
siotted attachment to the inner sleave. Attached to the “mid-thermal” sleave
is an outer slesve that {s fitted tightly in the nozzle bore at the upstrean
end to prevent vibratory motion and fati damage of the sparger assembly.
The secondary piston-ring seal at that tight interference joint reduces
“potentia) bypass flow to nearly zero because the pressure drop is very low
across the secondary seal. In addition, the three concentric slesves will
pnv;nt b:omtion’ of a cold boundary layer of water in the annulus next to the
nozzle bors.

3.2 Clad Removal

Stainless steel cladding was originally installed for corrosion protection of
the carbon steel vessel and to minimize rust accumulation in the vessel water,
but experience has shown that cladding on the feedwater nozzles is unnecessary
because the area of exposed base metal is relatively small.
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Moreover, there are deleterious effects of nozzie cladding {larger amplitude
metal tesmperature fluctuations than the carbon stee) base metal &nd higher

stresses caused by such fluctuations), and the General Electric Company now
recommends that at the time new sparger cleeves are 1nsta]l|dfh:ha nozzle be

bored out to a depth that will expose undamaged base metal. net effect of
clad removal and consrquent reduction in.thersal stresses is to prolong the
time to crack initiation and increase the number of startup/shutdown cycles
required to grow fatigue cracks to the 1imiting depth as specified by the
lﬁglicable code requireaents. The decrease in crack rate results from
the elimination of stresses due to differential thermal axpansion of the stain-
Tess stee] and carbon steel near the surface. Removing the cladding also
facilitates the interpretation of ultrasonic signals.

3.3 Systems Modifications and Procedural Changes

Appendix € includes details of the modifications to fluid systems and operating
procedures that GE considered to be beneficial in decreasing the magnitude and
fre?ueucy of temperature fluctuations and thus preventing crack initfation and
. Yimiting crack growth. The staff concurs with GE that changes in addition to

_those already initiated by licensees and applicants say be necessary to limit

crack growth to less than 1 inch in 40 years.. Because crack growth is de[.)endent
on feedwater temperature, the extent of proposed changes will depend on plant-
specific considerations.

14




4  STAFF POSITIONS AND IMPLEMENTATION
4.1 Sparger and Thermai-Sleeve-Dasign Modifications

In revie''ing postmodification submittals regarding feedwater sparger
thermal-sleeve modifications, thu NRC staff will requira that the predicted
occurrence of cracking in the nczzle bore and blend radius be 1iw enough to
assure the NRC goal of long-term operation without significant c,ack growth
(i.e., Tow relative to that observed for loose-fit spargers). The prediction
may be based on experience or analysis or bcth. Conversely, continued
reljance on dye-penetrant inspection and grinding repair operations to prevent
the occurrence of deep cracks while continuing to use interfererce-fit
spargers {s not acceptabla. Such programs expose too many inspection and
repair personnel to radiation when better methods are avajlable. Furthermore,
there is some possibility that a deep crack might escape detection until it is
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 noxzle ard sparger/thermal sleeve must be complete
prior to receiving an operating license.

(2) Intarference-fit spargeis are not acceptable because their efficacy is
expected to decline with time as the interference 1s 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 mere difficult to inspect.

The GE triple-sleeve sparger design has been evaluated with the cunclusion
that it may be used without further justification beyond that given by GE in
NEDE-21821-A, as amended oy 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 postmodification report.

For operating plants, the "RC staff position is that improvements must be made
before June 30, 1983. The improvement: must include nozzle clad removal,
installation of improved-design spargers and system changes. Procedural
changes that are Getermined to be advantageous for the specific plant should
be fmpiemented promptly without waiting for the nozzle, sparger, and system
changes to be completed.
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4.2 Systems Modifications and Operating Procedures

As noted in Section 3.3 of Appendix C, the NRC staff concurs with the GE
assessment of the need for modification of certain BWR plant systems and
changes to plant-operating procedures. The modifications and changes, when
implemented as necessary to supplement clad removal and the installation of an
improved sparger, will halp assure long-tevm operation without significant
crack + owth. Such action will permit an extension of the time between
required inspections of the feedwater nczzle surfaces, thus reducing the
radiation exposure of maintenance personnel. The NRC staff's inservice
inspection raquirements allow an extension of time between inspections for
those plants which remove the nozzle 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, a2
Tow-Tlow controller having the characteristics described in Section 3.4.4.3 of
NEDE-21821-A, and must reroute the reactor water cleanup system to al)l feed-
water nozzles. In the case of those BWRs under construction thst will have
higher feedwater temperatures than presently available in operating reactors,
the need for system changes will be reviewed on a case-by-:-ase basis. These
modifications must be cozpleted before June 30, 1983 on o .rating reactors and
those reactors under construction which will receive operating licenses (OLs)
prior to June 30, 1983. To keep radiation exposure as low as reasonably
achievable, all plants that will not have received an operating license by
June 30, 1983 must complete the modifications betore issuance of the Ticense.
Licensees (and applicants) should also consider other system changes suggested
by General Electric and implement those considered necessary. Information

- regarding additional changes should be submitted as par¢ of the postmodification

report (1icensees) or the Final Safety Analysis Report (applicants).

As determined from recent testing at Monticello, the 600-psi turbine roll,
d{scusscg in Section 3.3.3 of Appendix €, is no longer considered a feasible
alternative.

4.3 Inspections
4.3.1 Introduction

Sevaral UT examination techniques have been used to inspeact feedwater nozzle
tlend radi{ 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 repeatability
required to rely on the technique as the primary means of inspection. The UT
sxamination involves a complex geometry, long examination metal paths, and
inherent ultrasonic beam spread, scatter, and attenvation. As a result, the
following inspection requirements are based on the current state of the art.
The required inservice inspection program incorporates both UT of the entire
nozzle and PT of varying portions of the blend radius and bore (depending on
results of an initial PT of accessible blend radius areas).
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The staff encourages the continued development of UT techniques for the fesdwater
nozzle examinations. Should future developments and the results of inssrvice -
UT examinntions demonstrate that UT techniques can detect small nozzle thermal
fatigue cracks with acceptable reliability and consistency, these techniques
could then form the basis for modification of the inspection criteria that
follow. At such time, the staff wiil issus additional guidance addressing the
revised requirements. :

4.3.2 Feedwater Nozzle Inservice Inspection Program
4.3.2.1 Introduction

The objective of this {nspection program is to ensure that even {f feedwater
nozzle thermal fatigue cracks are initiated, their growth will be limiied to
avoid violation of the applicable ASME Code or threat to the {integrity of the
reactor vessel. The importance of 1imiting crack growth 1ies not only in the
safety considerations, but also because there is no approved method for nozile
repair by weld buildup, should extensive growth of a crack go undetacted.

The staff has considered a nusber of alternative approaches for mcnitoring feed-

water nozzles for cracks. This inspection program, as implemented by l1icensees,
will assure continued reactor safety while improved nondestructive examination
methods are being developed.

The plan specified beow is equally applicable to operating BwWRs 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 included in the definftion of a startup/
shutdown cycle. L.

4.3.2.2 Inspection Intervals

The routine inspection intervals for representative feedwater nozzle and sparger
configurations given in Table 2 re7lect the NRC staff’'s present estimate of

the effectiveness of these sparger types in preventing cracks in feedwater
nozzles. The inspection intervals apply to all plants of each configuration

but may be revised as experience accumulates.

4,3.2.3 UT Inspection &nd Subsequent PT of Recordable Indications
At scheduled refueling outages for which a UT inspection of feedwater nozzles

is called for in Table 2, perform an external UT examination of ail feedwater
nozzle safe ends,* bores, and inside blend radii. If indications are found in

%Bn Duane Arnold and Brunswick Unit 1, the thermal sleeve attachment weld
configuration is such that a crack emanating from the weld region could
affect the integrity of the pressure boundary of the fesdwater line.
Therefore, the safe-end inspection must include this region.

17
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Table 2. Routine Inspection Intervals

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

Visual
Insp.ction
Configuration uT of Sparger! Routine PT*
Interference fit, clad?® 1 2 2 (or 30)4
Welded, clad® 2 2 4 (or 60)°
Single~-slesve, single- 2 4 4 (or 60)

piston-ring seal,
clad removed?

Oyster Cresk & Nine Mile 2 4 6 (or 90)
Point (clad removed,

significantly modified

spargers installed)

Welded, clad removed 2 4 6 (or 90)¢
(spargers have
top-mounted elbows)®

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

1 Other configurations®

‘zlzuaI inspectio >f flow hole: and welds {n sparger arms and sparger
$.
2To be performsd even {f the UT and leak tast results are satisfactory.
3Tha present inspection interval began at the last inspection during
which an interference-fit ‘sparger was removed for PT.
€Next refueiing after 30 startup/shutdown cycles, but not later than
the second refueling cycle after the prsvious PT.
SThe present inspection interval began at thc 1sst PT of accessible
portions of the nozzle. . :
SAccessible areas only.
7Tha present inspection {nterval began when cladding was removed and
the triple-slseve or single-sleeve piston-ring spargers werc installed.
30ther configurations, such as the proposed double-sleeve welded
design for Monticello, will be reviewed on a plant-specific basis
and inspection intervals determined from these reviews.
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the safe end, evaluate per Section XI of the ASME Code. If recordable indica-
tions (defined in ASME Section V, Article 4, Paragraph T-441.8) are intarpreted
to be cracks in any nozzle, procsed with the sparger resoval, PT of the nozzle
bore and tha nozzle blend radius, and repair. An acceotable PT, whether
required by the finding of a UT indication or by the reutine inspection
schedule given in Table 2, includes removal of a sparger from one nozile (see
exception balow) followed by flapper wheel grinding and examining, by PT, both
the nozzla of the removed sparger and the accessible portions of the other
nozzles. 1f any cracks are detected, remove 211 spargers and completely
examine all nozzles, and remove all norxzle cracks.

An exception to this inspection plan may be made for the routine inspections
on those plants which have single-sleeve forged-tee spargers because of the
accessibility to the nozzle surface afforded by this design. The first step
may consist of inspection of accessible portions of all nozzles rather than
the removal of a sparger and inspection of its noxzle and accessible areas of
others. However, {f any crack grindouts are found to exceed 0.06-~inch deep by
g.ﬁinch long, all spargers must be removed, and clesning and repair must
ollow. - :

4.3.2.4 Leak Determination Requirements and Subsequant PT of Nozzles
Having Leaking Sleeves

GE aralyses in NEDE-21821-A indicate that feedwater leakage past the piston i
ring seals of single- or triple-sieseve spargers, or through a crack or cracks ;
in a welded-in sparger, can result in feedwater nozzle cracks if significant
Teakage 15 allowed to continue. Therefore, either relatively frequent v
in-vessel inspections as specified in Table 2, or a demonstrated method for
detection of the onset of leakage 1s necessary to ensure the continued :
integrity of the fesdwatsr nozzles. (An excepiion to this conclusion is made !
for the sparger/thermal-sleeve designs used at Oyster Creek and Nine Mile {
Point. Those designs have flow baffles that prevent mixing of hot reactor
watar and the colder fesdwater in the nozzle annulus.)

The staff has been informed that GE and NUTECH (and possibly others) are
developing on-14ne monitoring systems that are intended to be capable of
detacting significant leakage through degraded seals or a crack (or cracks) in
a thermal slesve weld. The systems are designed for use during power .
operation and one such system has aiready been installed at several operating
facilities. Preliminary information suggests that these systems are feasible
and practical. Results to date desonstrate that leakage can be detected
although the staff still has s few reservations as to how well the system can
provide a quantitative measure of leakage. We expect, however, that as
experience is gained with these systams, this problem can be overcome.

The NxC sncourages the further development, installation, and use of on-line
leakage measuring systams. Once their effectiveness has been demonstirated,
the staff will modify 1ts in-vessel PT examination requirements (Table 2) to
give credit for tham. (Conceivadbly, with concomitant advances in UT tech-
nol:wlungor other industry programs, the PT rsquirement could be eliminated
sntirely. '

A 1icensee who installs an on-1ine leakage detection system must keep the
NRC staff informed as to 1ts performance and his assessment of lezkage

|
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asasurements (if any) to permit the staff to follow the development of these
systems. Readings at least weekly and a continuous log of the results are

Leakage in excess of about 0.5 gpm can be deleterious to the nmozzle; therefore,

a Ticensee sust consider remedial measures 1f, 1n his judgment, the leakage rate
for any noxzle exceeds about 0.3 gpm. His 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 BWRs will incorporate sfgnificant
physical improvesants including the triple-slesve sparger, unclad nozzles, and
systes changes, we belfeve that certain preservice actions will help to assure
tong-term safe operation wiliout feedwater nozzie cracks. Therefore, we ~
require the following:

(1) Performance of PT in exch nozzle prior to installation of sparger.

(2) Performance of baseliny UT of each nozzle after installation of the
sparger. The rusults are to be made part of the plant's permanent
reconds fur Tuture reference.

4.4 Iwplemantation

This section presents the staff's positions on implementation of varfous
modifications deemad necessary to assure the NRC goal) of long~term operation
without significant crack growth. It is the staff's intention to require
utilities to install improved spargers but not necessarily the specific
designs discussed herein and in Appendix C. Other proposed sparger designs
may be :nstallod and analyses submitted, in the postmodification report, for
our ruview.

4.4.1 Implementation on Operating liuctors
4.4.1.1 Removal of Cladding and Replacement of Interference-Fit Spargers

For plants currently utilizing interference-fit spargers in clad nozzles, clad
resoval and replacement of the spargers must be completed during a refueling
outage before June 30, 1983. Retention of the interference-fit spargers {s
unsatisfactory in the Tong term. Short-term retention will require frequent
inspection us shown in Table 2.

4.4.1.2 Imsplementation of Systems and Procedural Changes
4.4.1.2.1 Operating Reactors With Welded Spargers

Licensees of operating reactors with welded spargers (Duane Arnold, Edwin 1.

Hatch Unit 2 and Brunswick Unit 1) sust complets by June 30, 1583 the modifi- |
cation of the low-flow controller 1f required to meat Section 4.2, the

rerouting of the RWCU system, and other systams changes deemed necessary by

the 1{censes. Operating procedures must be modified ac practical to obtain

the most benefit from the changes. Inspsction requirements shall be

determined from Table 2 and Section 4.3.2.4. ‘
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4.4.1.2.2 Operating Reactors With Triple-Sleeve or Single-Sleave Piston-Ring
- Spargars and No Cladding

Licansees of mn:m;mcton with triple~slesve ¢ * single-sieeve piston-ring
_spargers and no ¢l ng (Oyster Cresk, Nine Mile Point, n 1. Hatch Unit 1,
Jemss A. FitzPatrick, Browns Ferry Unit 1, Browns Ferry Unit 2, Monticello,
Piigrim, Cooper, Peach Bottom Unit 2, Quad Cities Unit 2, and Browns Ferry l
Unit 3) sust complete by June 30, 1983 the modification of the low-flow )
controller 1¢ required to mest Section 4.2, rerouting of the RWCU system (if
spplicable) and other systems changss desmed necsssary by the licensee.

Procedures must be modified as practiceble to obtain the most benefit from the

¢ 3.4 ;.;p:ction requi:sments shall be determined from Table 2 and

wt on ® L] L ] L]

4.4,.1.2.2 A)] Other Operating Reactors

Licensees of all other operating reactors must complste systems and procedural
changes, as discussed in Section 4.2, before June 30, 1983. Inspection has |
been discussed in Section 4.4.1 abova.

4.4.2 Implemsntation on Plants Undergoing Licensing Review

A11 BWRs that are under review for either a construction permit or an
operating 1icense will be required to incorporate an acceptable sparger design
and unclad nozzles. Interfersence-fit spargers will not be approved. In
addftion, applicadble systems and procedural modifications sust be completed
prior to initial criticality for those plants to recaive operating licenses
after June 30, 1983, The need for system changes will be reviewsd on a case-
by-case basis. Th 2] Safety Analysis Report for each plant should

be amended at the ¢. ' ;iest date practicable to include all component and
system modifications and operating procedures for NRC staff review and
spproval. As part of that approval, NRC staff say require additiona)
instrumentation and tests during the plant startup phase to demonstrats that
design goals 1n teras of water and metal temperatures have been met.
Operating procedures should include appTicable GE recommendations. For those
BWRs under construction which will receive operating 1icensas before June 30,
1983, the systams modifications must be completed before June 30, 1963 and a
report submitted in accordance with Section 4.4.3.1 below.

Preservice inspection requirements are discussed in Section 4.3.2.5 and
inservice inspection will be deteimined from Table 2 und Saction 4.1.2.4.

4.4.3 Reports
The foilov‘lng reports wust be submitted by 1icensees and applicants:
4.4.3.1 Licensess

(1) Upon completion of physical and procedura) modifications, 1icensees must
subeit a report describing in detail the »vadifications and appropriate
Justification. This report must include details of an on-1ine leakage
monitoring system, 1f one is fnstalled. This report is to be submitted
to the director of the applicable regional office of the NPC Office of
Inspection and Enforcement (1E) with copies to Dirvector, 1E, and
Director, Office of Nuclear Reactor Regulation (NRR).
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(2) Within 6 months of completing an outage at which an inspection was performed

in accordance with Table 2, the licensee must submit a detafled report
discussing the inspection(s) performod. Informat{on required includes:

(a) Nusber of startup/shutdown cycles since the previous inspectien, and
' the total number of cycles. This will {nclude cycles accumulated
during the {nftial startup and tasting of the plant.

(b) Summary of sethods used and results of previvus inspections, including
mxisum crack depth and number of cracks found in previous PT-and-grind

operations, and number of startup/shutdown cycles betwesn such

{nspections.

(c) Description of any additional system changes or changes in operating
procedures that will affect feedwater flow or temperature and that
shouid be considered in predicting future cracking tendencies based
on past history. .

(d) A detailed discus:fon of the inspection results, including a complete

description of cracking location, disensfons, and profile, if cracking

was found.

(f) Information regarding all UT crack-1ike indications and any subsequent

Drawings and photographs, 1f available, are requested.

(e) Information regarding the results of lsakage monitoring. However
the staff must be informed {mmedfately if on-1ine lsakage nonltoring
during operation discloses any leaksage on welded spargers or leakage
on the order of 0.3 gpa through single-slesve/singlu-piston-ring
spargears or triple-slesve spargers.

PT indications. Information regarding UT techniques should be as
precise and as extensive as possible in order that it may be of
benefit in future inspoctions.

(g) The above information 1s to be submitted to the Regional Director,
1E, with copies to Director, IE, and Director, NRR.

4.4.3.2 Applicants

Upon completion of .spamr installation and systems changes, the spplicant must
subnit to NRC the information described in Sections 4.3.2.5 and 4.4.2 and

provide informztion

regarding a Teak detaction system (if installed). The

report must include detailed information regarding systems modifications and
procedures which serve to prevent crack initiation or crack growth. Thase data
will be used in determining any possible changes to the inspaction intervals

of Table 2.




AN

. T T IR S SR P T

PART I1 - CONTROL ROD DRIVE RETURN LINE MOZILES

S  INTROBUCTION AND STATEMENT OF PROBLEM

Twenty-two of the 23 operating BWR reacztor vessels in the ‘nited States with
feedwater nozzlu/sgargcr systems also have control rod drive return line
(CRDRL) nozzles. Each vesse) 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 11lustrated in Figure 6.

The control rod drive (CRD) system provides water to: (1) maintain rod scram
accumulators in a charged condition at graater than reactor pressure; (2) drive
the rods into or out of the core; and (3) cool the rod drive mechanisas con-
tinuously. The CRDRL was designed to provide a reactor pressure reference to
the CkD system and to return to the reactor vessel exhaust water from CRD
novesent and water in excess of system 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 CRDRL noxzles, particularly at low flows {return-1ine water, unlike feed-
water, is not heated and is typically at 100°F or less). Crack initiation
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 phenomenon was caused by the spilling of the cold CRD return water onto
the reactor vessel wall.

As an 11lustration of the severity of the CRD return-line nozzle cracking,
Table 3 gives a synopsis of thc early examination history.

The GE study of the CRDRL nozzle cracking problem resulted in a series of
recommendations to 1fcensees. The staff has reviewed each GE recommendation
and has determined that (1) valving out of the return 1ine is acceptable onl

as an interim measure; (2) rerouting of the return line to another system which
connects to the reactor vessel is preferable, and (3) only certain classes
nay implement the final* GE racommendation, to cut and cap the line and nozzle
without rerouting, and then only after specific testing has been completed.
Other riants 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 ~~view of the proposals, and the staff's conclusions and recommen-
dations for implementation are presented in the sections that follow.

*The word "Tinal® 1s a staff characterization only for the gurposes of its
review. Indeed, new vessels do not even incorporate a CRDRL nozzle.
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Table 3. Control Rod Drive Return-Lina Nozzle Examination Results

Maximum
Crack :
Start- Oepth, Extent of Thermal
Mant Years® ups In.** Cracking Sleeve
Pgach pottoc 3 . 2 45 0.88 Genera? Nene
Peach Bottom 2 3 65 0.90 General; also None
on vessel wall
below CRDRL
nozzle
GE overseas 6 4  0.88 General None
reactor
Another over- ~4 - %32 0.56 General None
seas reactor
Edwin 1. 2 85 0.62 Single bottom Expanded without
Hatch 1 of nozrle flange
~ Nine Mile - 109 - None Welded, projects
Point 1 into vessal

ssveral inches

*Years in operation at time of inspection.

2%Clad and base.
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6  CAUSES OF PROBLEM

The cause of crack inftation of CRORL nozzles is a thermal fatigue mechanism
similar to that seen in feedwater nozzles. High-frequency thermal cycling
occurs during normal operation as a result of turbulent lixing of hot water in
the vessel with the low temperature (50 to 100°F) water entering through the
CRORL, Low-cycle fatigue crack propagation results from startup/shutdown
thermal and pressure cycles and from flow changes during scrams. 1In those
plants that have a thermal sleeve in the CRDRL nozzle, bypass leakage flow {s
minimal because the pressure drop is much smaller than in feedwater nozzles,
which have -a thermal sleeve and sparger. In the CRDRL nozzle, unlike the
feeduater nozzle, there is a continuous large top-to-bottom thermal gradient,
which aggravates the cracking.

Also unlike the foedwater nozzle, cracks have been cbserved 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
circumferent.ial. 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 some inferences could be drawn from differences in the extent of
cracking observed in CRDRL nozzles that used different thermal sleeves, this
does not seem worthwhile, because system changes are available to completely
eliminate the CRORL flow and thus the cracking problem. '
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7 SOLUTIORS
7.1 Nezzle Recair

Unless clad removal 1s planned, cracks found in inspection of the CRORL .nozzle
sust be resoved by grinding, using the same techniques of repeated PT and grind-
ing that are used on feedwater nozzles. The area to be examined should include
the nozzle bore and blend radius and a broad area on the reactor vesss) wall
immedistely below the nozzle blend radius extending downward approximately

8 inches below the Tower edge of the blend radius.

7.2 Alernative Solutions Proposed by GE

As mentioned in Seztion 5, GE proposed alternative methods for stopping the
flow of cold water through the CRORL nozzle and thus eliminating crack inftia-
tion. Onc of the recoemendations, which could be characterized as immediate
action and effective in the short term, was to vaive closed the retirn line
with comsensurate flow and pressure changes to the CRD hydraulic system. The
valves ars located outside the primary containment, and flow could be reinstated
by recpening whenever necessary. An inherent probiem with this method is that
the portion of the return 1ine between the valves and the nozzle is filled with
stagnsnt water. The aforemantioned 1975 GE task force identified 1ines con-
tzining stagnant water as a source of serfous roncern regarding intergranular
stress corrosion cracking (IGSCC) in piping. Frequent inspections would be
requiirad for continusd safe operation in this mode.

Another GE recommandation, already implemented at several facilities and con-
sidered by ine staff tc be an accaptable long-term solution, is to reroute the
CRORL to another fluid system which in turn {s connected to the reactor vessel,
and ¢parate with the rerouted 1ine open. This results in only mino* alteration
of the CRD system hydraulic characteristics and retains the maxisum capability
of the system to provide high-pressure water to the resctor vessel.

In the above rerouting approach, ths welded connection to the fluid system which
serves as the return path to the vessel is typically located outside the reactor
contzinment., Systems such as the reuacter water cleanup system and the reactor
core isolation cooling system (which are connected o the fesdwater system)

may be used as the point for injection of return flow. One drawback to the
rerouting schese is that the introduction of the cold CRD return water may

cause cracking in the vicinity of the connection 1f the “host" piping is much
hotter, Although not directly attributed to the cold CRD flow, cracking
(discovered by leakags) in the heat-affected zone of a Ch) modification-velated
weld at Piigrim Unit 1 has alerted the staff to the need for inservice inspec-
tion of CRD piping modificatiun welds.

The third and Tast in the succession of GE recomsendations was total remova)
of the CRORL and cappirg of the nozzle. Several BWRs under construction do
not have CRDRLs; neither 1ine nor nozzle will appear in any future GE BWRs.

The recommendation to remove the return line was based on the nued to prevent
nozzle cracking and on GE's determination that tha lins had naver bsen necessary
in order to attain an acceptable CRD refarence pressure to the reactor vessel.
Reference pressure for proper cperation of the system may ba ohtained by system
adjustasnts 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 accommodated by flow through the cooling
water hetder and the drives themselves. However, subsequent testing performed
at an cpersting reactor in response to NRC staff concerns revealed that flow
in the exhaust-water header resulting from drive movements was not discharged
to the cooli ter header. Instead, the water returned to the reactor
vessel th 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 pipigg was involved and corrosion products could.have a
deleterious effect oil CRD system operation. Also, the staff was concerned
about continued long-term operability of the insert exhaust directional
control valve (V-121), because it would have to accommodate reverse flow for
which it was not desfgned. As discussed 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 t

co;rosign products. Modifications will also include pressure-equalizing
valves.

" The major staff concern regarding the final recomsendation was the loss of a

Eortion 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"
recommendation is only z.ceptable for certain classes of BWRs, and only for
these after snecific wodifications have been made and operability testing
completed. Operability testing should 1nc1ude,f1ow~c:gacity testing in the
form of a demonstration of simultaneous two-pump operability during which flow
measurements are recorded. More discussion {s presented in Section 7.3.

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

7.3 Return Flow to Vessel

A major portion of the review of the GE-proposed "cut and cap" alternatives
concerned how that modification would affect ability of the CRD system to
provide an emsrgency source of high-pressure water to the core. The other
ajternative "solutions" would not significantly affect this CRD system capa-
bility as a high-pressure water source, since an a1ternat1veﬁ 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 valvestgerfdrn the necessary functions of: (1)
preventing continuous flow to the normal exhaust-water header and coincident
reverse flow through the V-121 valves mentioned above; (2) preventing flow
Trom the carbon steel piping of the normal exhaust-water header to the drive
cuoling-water flow; and (3) assuring that high differential pressures between
the drivas and normal exhaust-water header do not develop. Under certain
unlikely hypothetical circumstances, such differential pressures could result
in rod movement at an initial veloc*ty 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 hes 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 watar to keep the reactor core
covered. The critical need for the water sourcc again was revezled 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 makoup capability helped prevent uncovering of the active fuel.

The "cut and cap" alternative could significantly affect the ability of the i
. CRD system to provide a source of high-pressure water to the core during i
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. ODuring that incident, a2 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 the lowest
setpoint safety/relief valve setting, and concurrently all sources of water
other thin 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
beforeiand after the modification, with either one or two CRD pumps in
operation. '

me e e . —————

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 211 heat sources (fission
product decay, actinides, stored heat, wall heat, etc.) and all leakage from
the primary system (technical specification iimit for identified and uniden-
tified leakage, etc.). Therefore, calculated water required to keep the core
covered was maximized. '

We revievea the calculations of flow that would be available from the present
system (with the roturn line intact) to ensure that all practical actions that
could be accomplished vntside containment had been assumed to have occ'rred
(i.e., opening certain coni:u? valves). This would tend to maximize the
apparent change, if any, due to elimination of the returr 1ine when flow from
the present system (as calculated above) is compared to flow available from
the modified system.

We reviewed the calculations of flow 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 fi ~aximum flow (just as above), but we required
that new, minimum-leakage seals .e assumed in the drives since, vor 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.

29
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A1l "flow available" calculations were required to be performed assuming both i
one- and two-CRD-pump 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
inTormatfon cza be found in Appendix D.

7.4 CRD 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:

_ (1) Vvariations in differential pressures across the drives, possibly resulting
I in 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
teqaining carbon steel piping in the CRD systenm.

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

The staff has determined that appropriate testing of the system after adjust-
ments, 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 i

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

(1) A1l licensees must inspect, by dye-penetrant testing, the CRDRL nozzle
blend radius and bore regions and the reactor vessel wall area beneath
the nozzle. A1l 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-recommended

- 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 vesse}
is preferred. The connection should be ocutside containment and flow
through the system is the option of the licensee. If flow is not main-
tained, the modifications of (4)(a')-{c') below will be required. If
flow is maintained or is expected t¢ 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
immedistely implement the GE recommendation 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 BWK/6 (see Appendix D)

(c) 183-inch BWR/4 (see Appendix D)

(d) 251-inch BWR/4 (see Appendix D)

(e) 23?-;nch 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 BWK/5 (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 sutsequent valve-out, will
be required to install the following modifications:

(a') Equa]izing valves between the cooling water header and the normal
drive mrvement exhaust water header.

(5‘) Flush ports at high and low points of the normal drive movement exhaust
water header piping run if carbon steel piping {s retained.
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(c') Replacement ¢ carbon steel pipe in flow stabilizer loop with stain-
less steel and ‘ercuting directly to the cooling-water header.

(5) Licensess who choose to .eroute the CRDRL with continuous return-line
flow to the system being tapped into must add the GE-recommended pressure
control station to the cooling-watar header. This statfon acts to auto-
matically control cooling-water flow during pressure ckanges between the
feedwatar system and the CRD system (such as an incresase to rated therma)
power from hot- standby). The addition of the pressure-control ststion is
:‘Is:h‘ngu:ud 1f continuous flow 1s to be utiiized during normal operation

n uture,

(6) A1 applicants undergoing licensing review for BWRs designed and con-
structed without the CRDRL and its nozzle must test to prove satisfactory
system operation, return-flow capability squal to or in excess of the
base-case requirement discussed in Section 7.3, and two-pump operation.
The applicable modifications of (4)(a') through (c') above also sust be
isplemented. Calculations with regard to base-case return flow require-

- ments should be submitted, but in 1ieu of such calculations the staff may
lccags.:eﬂnnce‘to a bounding analysis, if necessary justification is
prov .

(7) A1 Yicensees and applicants, regardless of the particular type of modifi-
cation selected, must establish operating procedures for achieving CRD
flow to the ruct.or vessel equal to or gruur than the boiloff rate of
the base case discussed in Section 7.3.

8.2 Required Modification, Testing, and Maintenance of CRD System

Postmodification testing ard recurrent maintenance actions will be necessary
as part of the implementation of the varfous CRD-system modifications and sub-
sequent operation of the system.

Regardless of the particular type of lodification chosen, each licensee and
applicant must demonstrate by test the ability to p-ovide CRD-system return
flow equal to or in excess of the requirements of the base case of Sectfon 7.3.
If two CRD pumps are required for this flow, their concurrent operation must
be demonstrated by testing. Also, each plant must successfully undergo a
CRD-system psrformance tast after completion of the modification and before
the reactor is placed in an operational status. The system-performance test.
sust be accomplished in accordance with test instructions simflar to those
prepared by the General Electric Company, as modified to reflect plant-unique
characteristics. An cxaq‘le of an acceptable test instruction is the GE docu-
ment OPE 3-377, entitled “GE BWRSD (Boiling Water Reactor Systems Departaent)
Test Instruction for Evaluation of Isolated Operation of Fukushima-1/Peach
Bottom-3 CRD Hydraulic Return Line,” March 1977. Thi. document includes
requirements for special equipment, precautions, data regarding desired
transient response, and data vegarding recording system performance.

Plant-specific requirements are as follows:
(1) Licensees who have isolated the CRDRL by the use of valves: In addition

to the postmodification CRD-system-performance test after the valves are
closed and the return-flow-capacity demonstration, the nozzle sust be
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dye-penetrant inspected when the modification to cut and cap, with or
without rerouta, is accomplished. Also, during each refueling outage
the portion of the CRORL containing stagnant water must be inspected in
accerdance with the recommendations of NJREG-0313, Rev. 1, "Techiical
Report on Material Selection and Processing Guidelines for BWR Coolant
Pressure Boundary Piping” (Ref. 2). :

(2) Licen.ees vho have cut and capped the CRDRL nozzle with rerouting of the
- CRDLL (revouted 1ine flow valved open): We will require that the licensee

compliete the final PT of the nozzle, the installiation of the pressure-
control station of Section 8.1(5), the return-flow-capacity desonstration
and the postmodification CRD-systes-performance test. Ve will require
that during each refueling outage the licensee inspect the welded connec-
tion joining the rerouted CRO return 1ine to the system which then returns
flow to the reactor vessel. The inspection, using UT, must include Lase
meta) to a distance of one-pipe-wall thickness or 0.5 in., whichever s
greatsr, on both sides of the weld. The pipe into which the CRD return
flow is connected also must be inspected by UT to a distance of at least
one pipe diameter downstream of the welded connection.

(3) Licensees who have cut and capped the CRORL nozzle with rerouting of the
CRORL (rerouted 1ine flow valved closed): In addition to the final PT of
the nozzle, the return-flow-capacity demonstration and the postmodifica-
tion CRD-system-performance test, the following requiresents must be mat:

{(a) During sach refueling outage, the welded connection joining the re-
routed TTRL o0 the system which then returns flow to t.e reactor
vesse: . to be inspected. The inspection, using UT, must include
base mwtal to a distance of one-pipe-wall thickness or 0.5 in. which-
ever is greater, on both sides of the weld. The pipe into which the
CRD return flow is connected also must be inspected by UT to a distance
of at least one pipe diameter downstream of the welded connection.

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

(c) The CRD system modifications of Sections 8.1(4)(a') through {(4)(c')
must b accomplished and plant maintenance procedures must be changed
to include such maintenance actions as flushing the exhaust-water
header and cleaning the filters in the insert and exhaust 1ines if
carbon steel piping is retained. These filters are to be retained
in the hydraulic contro) unit (HCU) to prevent corrosion products
from being carried into the CRD mechanisas.

(4) Licenseses and applicants who choose to cut and cap the CRDRL nozzle
without reiouting of the CRORL: In addition to the final PT of the
nozzle, the return flow capacity demonstration and the postmodification
CRD-system-performance test, the following requiresent sust be met:

The CRD system modifications of Section 8.1(4)(a') through (4)(c') must

be accomplished ard plant maintenance procedures must be cha to inciude
flushing the normal drive-movement exhaust-water header and cleaning the
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filters in the insert and exhaust lines 1f carbon steel piping §s retained.

These filters are to be retained in the HCU to prevent corrosion prodicts
from being urriod into the CRD machanfsms.

(5) Nine Mile Point and Oyster Croek: The previous PTs in 1977 at both plants

revealed no nozzle cracking. HNiagara Mohawk Power Company chose to restore

the Nine Hile Point original design thermal sleeve, which had been welded
to the noxzle safe end (the original sleeve had been removed to aliow PT).
¥We will require thay the norzle be dys-penetrant inspected at the time of
fesdwater-nozzle inspection in accordance with Table 2. This fnspaction
nqu;nlmt will include PT of the reactor vessel wall area beneath the

)

Jersay Central Power & Light Company chose to retain the upstream end of
the Oyster Creek tharmal sleeve, which was rolled into the nozzle safe
end and tack-welded in three positions. The downstream end of tha thermal
sleeve wvas cut off to permit PT of the nozzle blend radfus. It was

replaced by a removable insert deemed to be as good as the original sleeve,

We will require that the insert be removed and PT be performed at the time

of feedwater nozzle PT in accordance with Table 2. This inspection require-

ment will include PT of the resctor vessel wall area beneath the nozzle.

Licenseas of plants which have already complated one of the options above but
have not accomplished necessary concomitant system modifications or testing,

or have not sstadblished the necassary maintenance and inspection p ams, shall

be required to do so prior to the date set forth in Section 8.3. This also
applies to spplicants whose plants are expected to receive licenses prior to
the date set forth in Section 8.3.

8.3 Staff Conclusions and Position on Japlementation

The staff conclusfons regarding the lcecptabiliiy of the various available modi-

fications and the requirements for iqﬂ-tnution. inservice inspection and
mafntasnance of the “reroute™ and “cut and cap" options, are presented in
Sections 8.1 and 8.2. Becaiss of our desire to 1iait radiation exposure to
mainterance personnel, we have determined that licensses of those plants that
have exarcised the “valve-out" (interim) option must implement one of the other
options no later than June 30, 1982. Also, licensees of those plmts which
have already complatad efther un "rerouts® or the *cut and cap® but have not
accomplished the necessary concomitant system modifications or testing as dis-
cussed in Section 8.2, must fulf{ll all requirements no later than June 30,
1982, This applies also to applicants xhose plants are expectad to receive
operating licenses prior to June 30, 1982.

Each Ticensee must submit a report of modification or completion of require-
ments within 6 months after the which allowed completion of necessary
actions by June 30, 1962, TM; subnittal aust include any analyses required
to justify the “cut and cap” option, results of pump and postmodification CRD
system testing, results of the final CRORL nozzle and vessel-wall inspection,
and the proposed inservice inspection and maintsnance program. This report
auz? be submitted to the Regional Director of the Office of Inspection and
Enforcement (IE) with copies to the Director, IE, and Director, Office of
Nuclear Reactor Regulation. Applicants of plants to be licensed after

June 30, 1962 will be raquired to submit such {nforsation during the course of
the mml Ti{censing review.
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1. DESCRIPTION OF PROBLEM
A. BWR Feedwater Nozzle Cracking

Of the 23 operating BWRs with feedwater nozzle/sparger systeams
(normally 4 nozzles/spargers per BWR, nominal nozzle diameter being
10%-12"), 21 have been inspected to date (1/25/79) resulting in the
discovery of blend radius or bore crackirg in all but thre: vessels.
Although most cracks have been in the rangs of 1/2" to 3/4" total
depth (including cladding), one crack penstrated the cladding into
the base meta)l for a total depth of approximately 1.50 inches. The
initfation of cracking is due to high cycle fatigue caused dy fluctua-
tions in water temperature within the vessel in the spa:ger-nozzle
region during periods of low feedwater temperature when the flow may
be unsteady and intermittent. Once initiated, the cracks are driven
deeper by the larger pressure and thermal cycles associated with
startup and shutdown.

Fracture analyses indicats that the cracks found to date in the
feedwater nozziles constitute a potential safety problem becauss the
observed rate of crack growth with time in service is such that the
margin of safety against fracture will be reduced below acceptable
values unless the cracks are daterted and ground out every few ysars.
Obvjously, repair by grindout 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 demonstrated
to be acceptable. In addition, the inspection and removal of cracks
by grinding has caused enough radiation exposure to personnel to be
deemed unacceptable as 2 long-term solution.

B. Control Rod Drive Hydraulic Return Line Nozzle Cracking (CRDRL Nozzle)

Each of the 22 applicable BWRs has one CRDRL nozzle of 3“-4" diameter,
which is norsally located approximately four feet below the level of
the feedwater nozzles (in the Oyster Creek and Nine Mile Point vessels,
the CRORL nozzle is located at the same level as the feedwater nozzles).
Thermal fatigue cracks have been found by dys penetrant (PT) inspection
of the CRDRL nozzle and the arca immediately beneath the nozzle at

12 units inspected to date (1/25/79). These cracks resembls those
found in the BWR feedwater nozzles, and the cause of cracking appears
to ba thermal fatigue. A1l but 2 of the operating domestic BWRs have
some sort of thermal sigeve (there are several designs) in the CRDRL
nozzle, but because of the limited number of {nspactions of nozzles
with sleeves, the efficacy of the sleeves is not kmown.

To date, the principal) activity of licensees has been to rerouts or
temporarily valve out the CRDRL. Although both accomplish the intended
purpose of shuttiig off cold water flow to the nozzle, General Electric
Company (GE) has further recommended that the CRD systom be operated

in an isolated mode. GE recosmends against retention of the present
CRODRL, even valved out, because of the potential for stress corrosion
in the stagnant 1ine. GE also recommends against operation with &
rerouted CRORL open to the reactor vessel. The recomsendation to
isolate the rsrouted line was made on the basis that return to the
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. vessel 1s unnacessary for propar CRD system operation and that CRD
! sakeup capability to the vessel will be maintained even when the
' return Yine is eliminated entirely.

! The staff stil) considers the matter of CRDIL isoiation to be an
unresolved 1ssue because of questions regarding the amount of CRD
pump flow which will be avatilable to the vessel, the possible effects
of isolation upon varfous drive parameters, and recently- reported
potential long-term deleterious effects on certain components of the
CRD hydraulic system. GE has begun an evaluation of component
performance of affected portions of the CRD hydraulic system and has
commenced investigation of possible system modifications. The staff
must assess these proposals prior to completion of its review of
this subject. In the interim, the staff will review control rod test
information from each facility which has modified its present CRD
system by valving out or rerouting. Additionally, to increase
assurance of safety for continued operation, the staff is recommending
inspection of the CRDRL nozzle blend radius and bore at each BWR during
its nrxt scheduled rafusling outage. As in the case of feedwater
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 statad, the plan for ganeric resolution of the BWR feedwater nozzle
and CRDRL nozzle cracking problemss will involve the following:

A. Issue interim 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 Arecas

(1) Development and testing of effective feesdwater 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. Gt has complated such development and testing
and has written a final detailed topical report after having
met with the staff to discuss the results of testing. The
supplement to this report, addressing additional MRC 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 BNL review has baen completed
and comments have baen presented to GE for resolution and inclu-
sion in the report supplement also mentioned above. However,
preliminary revicw of the GE topical report and discussions with
cognizant GE personnel have not produced any information which
would make the staff believe the new GE design is not a viable
solution, especiaily since cladding removal is an integral part
of nozzle preparation for installing the new sparger/thermal
sleeve. Therefore, the staff has allowed th: initallation of
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the new GE design on two operating reactors and has approved

the use of a similar modiTication on three additional plants,

and has datermined that operaticn of these plants is satisfactory
during the period of the BNL review. This also applies to addi-
tional facilities for which the staff may approve modification
prior to coapletion of the BNL task.

DOR and DSS will follow the 1ife-cycle testing of certain CRD
system valves. GE has performed such testing to determine if
Tong-time reverse flow will lead to valve degradation. A report
is being prepared. GE also is pursuing various CRD system modi-
fications on "requisition” (new) facilitfes. Thuse modifications,
which will eliminate valve reverse flow, require no CRD return
Tine to the vessel. DOR and DSS will review the proposed modifi-
cations, which GE may also offer as “suggested” modifications

to the owners of operating plants.

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
deveiopmant of UT is important to both DOR and DSS final positions
especially since two oparating plants and several plants in OL
review have a welded therxal sleeve-to-nozzle safe-end design.

The development 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. Howsver, this will not hinder
resolution of the major issue (crack initiation and growth) and
will result in at least a temporarily more conservative stance

on inservice inspections by UT until the issue is resolved
satisfactorily.

Dcvoloplnht of various feedwater system and CRD systéu modifica-
tions as part of the generic effort toward problem resolution,

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.

BASIS FOR CONTINUED PLANT OPERATION AND LICENSING PENDING COMPLETION OF

TASK

As indicated in Scctién 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
t

at operating facil

jes, (2) more stringent licensing requirements concerning

selection of materials and design for nozzles, thermal sleeves, and spargers;
(3) more stringent inservice inspection and repair criteria; (4) modifica-
tion of physical systems and/or operating procedures to minimize the occur-
rence of crack initiation and propagation; and (5) reliable inservice
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inspection techniques for detection of nczzle flaws from positions exterfor
to the reactor vessel.

Wi*h respect to feedwater nozzle cracking, specific long ters corrective
measures will include system and operational changes to reduce the feedwater
to reactor water temperature differential during Tow power operation, an
improved thermal sleeve-sparger design to reduce bypass flow which exposes
the nozzle surface to fluctuating water temperatures, 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 installed in an operating plant.

With respect to control rod drive return 1ine nozzle cracking, specific
Tong 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
return 1ine isolation 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.

ODuring 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 1iquid penetrant examinations at
operating ieactors 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 inspectian techniques in an effort to develop
effective techniques that will allow early detection of subsurface flaws.
Enhancement of ultrasonic tesiving technigues will substantially reduce
personnel exposures, The scheduling and extent of inspeci.ion is based

upon conservative estimates of crack growth from fracture mechanics analyses
assuming undetected flaws. Scheduliing 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),

I:d licensee actions to minimize crack initiation by procedural or mechanical
change.

Preservice inspections and an inservice inspection program are alsc required
of applicants prior to the {ssuance of an operating license.

The staff has been actively involved in reviewing and approving the results
of nozzle inspections and remedial actions proposed by 1icensees tc assure
continued safe operation. To date the extent of nozzle cracking at operating
ptants has been limited to depths which can be removed by grinding without
excesding ASME code limits for nozzle reinforcement.

In addition the staff has suggestrnd that measurcs be taken at affected
operating plants and by applicants for plants in Lhe operating license
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review stage prior to operation, to ainimize the occurrence of conditions
conducive to crack initiation and growth. These measures include monitoring
feedwater temperatures and flow, minimizing rapid changes in feedwater

Tlow and .emperature, minimizing the duration of cold feedwater injection,
avoiding inadvertent or unnecessary HPCI injection, avoiding the unnecessary
introduction of cold water from the reactor water cleanup cystem, and
eliminating flow through the control rod drivae return line (after assuring
proper system operation in an isolated mode). Although cracking of the
pressure vessel nozzles is important to safety, NRC staff analyses indicate
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 time 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 Tong term solutions will be available from this task and from
the gencric 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 he available since oparation could be
permitted for a number of years based on inservice inspection and repair
procedures using criteria similar to those currently being required.

NRR TECHNICAL ORGANIZATIONS INVOLVED

A. Engineering Branch, Division of Operating Reactors. Has overall lead
responsibility for review of all generic inspaction, repair, in-service
inspection technique development, weld-repair/annealing study, and
modification (such as clad removal and new design thermal 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 CRORL retention/removal criteria.

Manpower Estimates: 0.2 man-year FY 1979.
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C. Mechanical Engineering Branch, Division of Systems Safety. Will work
with DOR on development of criteria and will issue 8TP for CP/OLs
similar to NUREG guidance {ssued for operating facilities.

Wi1l 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 resclution 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 documents.

Manpower Estimates: 0.3 man-year FY 1979.

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

Manpower Estimates: 0.1 man-year FY 1979,

G. Reactor Systems Branch, Division of Systems Safety. Will develop
criteria concerning the removal of the CRORL of appiicable CP/OL

facilitios,
Manpower Estimates: 0.1 man-year FY 1979. i
5.  TECHNICAL ASSISTANCE
Contractor Amount Program Objectives
FY 1978 FY 1979

A. Washington $5K $20K Perform fracture analyses
University - of feedwater nozzle cracks
Paul Paris detected in operating
(Managed by DOR) reactors, This is necessary

for generic crack growth
calculations,

0. Brookhaven National $25K $20K Perfora indepth review
Laboratory _ , of GE test and analytical
(Managed by DSS) 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 Company

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 hac other generic
implications (see Task No. A-14).

C. Individual Licensees and Appli.ants of BWR Facilities

Each licensee has already been in .:lved in discussions and written
correspondence with the NRC <oncerning inspections to be performed.
This interaction, as well a. .iscussions 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

0ffice of Muclear Regulatory Research (RES). RES is responsible for the
Heavy Sectiun Siveel Technology (HSST) program. Information obtained f.om
thi. program will be useful in t>e development of generic fracture analysis
methods for a flaw at a geometric discontinuity.

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 ASME

code criteria for required reinforcement area. This would result in the
need for a vessel repair (other than grinding) which would be an undertaking
of potentially large p.oportions and of safety significance.
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14 WASHINGTON, D. C. 20858

rank January 14, 1980

Generic Task A-10

Mr. Richard Gridley, Manager
Fuel & Services Licensing
General Electric Company
175 Curiner Avenue

San Jose, California 95215

Dear Mr. Gridley:

The NRC staff has completed {ts review of the General Electric Company proprie-
tary topical report NEDE-21821-02 (BWR Feedwater Nozzle/Sparger Final 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 documents forwarded by your letters dated

March 1, 1979 and March 20, 1979. You also incorporated into NZDE-21821-02
tggse cganges in response to our recent comments regarding portions of NEDE-
21821-01.

The stafi's evaluation of these reports is enclosed. The evaluation alse
implicitly includes the review of related non-proprietary docusents NEDE-21821,
NEDO-21821-01, and NEDO-21821-02A. NEDO-21821-02A, which is the non-proprie-
tary version of NEDE-21821-02, is to be issued after receipt of this letter
and must incorporate this letter and the enclosed 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 ol review, we have determined that the NEDE-21821-02 report,
with the exception of Chapters 6 and 7 rs discussad in the enclosed Safety
Evaluation Report (SER), is acceptable for refei sncing in connection with
1icensing actions involving the removal of cladding and the tnstallation

of the General Electric final desigp sparger and thermal sleeve. Inservice
inspection and other additional plant-specific information noted in our SER
should be addressed in applicant/licensee submittals.

o ek mar.  ®

The staff does not intend to repeit its revieaw of the document when {t appears
as a reference in & particular licensing action.

Should regulatory criteria, regulations, codes or standards change such
that any of our conclusjons concerning NEDE-21821-02 are invalidated,

you will be notified and given the opportunity to review and resubmit

the report (or submit supplements or addenda) for review should you desire.




Mr. Richard Gridley -2- January 14, 1980

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

If you have any questions concerning our evaluation o¥ NEDE-21821-02,
please contact this office.

:ﬂncerely,

i .
'
ggvre;‘lé. Eisenhut, ng Director

Division of Operating Reactors
Office of Nuclear Reactor Regulation

Enclosure:
Safety Evaluation Report
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1.0 INTRODUCTION

By letter dated September 4, 1979, the General Electric Company (GE)
submitted for staff review a topical report entitled “Boiling Water Reac-
tor Feedwater Nozzle/Sparger Final Report, Supplement 2 (KEDE-21821-02,
August 1979). The document incorporated §n full the earlier reports on
the same subject, NEDE-21821 (March 1978) and NEDE-21821-01 (January
1979), the reslated changes forwarded by GE letters dated March 1, 1979
and March 20, 1979, and changes in response to the staff's recent com-
ments on NEDE-21821-01. The report provides generic information relative
to (1) the design of a modified feedwater sparger and thermal sleeve
assesbly; (2) testing and anal.sis 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 modifications, 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 examination (NDE) methods and recommended applications for
inspection of BWR nozzles. The reports did not address the related
control rod drive return line nozzle pioblem. This matter is being
handled separately by the NRC and GE.

The NRC topical report review included the generic design and analyrss of i
the modified sparger/sleeve assembly, descriptions and analyses of the I
other available solutions and verification of solution effectiveness

(including {dentification 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

0f the 23 operating BWRs in the United States with feedwater nozzie/
sparger systems (normally 4 nozzles/spargers per BWR; nominal noxzle
diametar 10 to 12 inches), 22 have besn inspected to date and cracks have
been discovered in the feedwater nozzie blend radius or bore of 18,
Although most cracks have been relatively superficial, a few grew to 3/4"
total depth (inciuding cladding) and one vessel exhibited cracks which
penstrated the base metal to a total depth of approximately 1.5 {nches.
Crack initiation results from high cycle thermal fatigue as the intsrnal
watsr temperature fluctuates in the thermal sleeve-nozzle annular region
during periods of low feedwvater tesperature when the flow mav be unsteady
and intermittent. Once initiated, the cracks are driven deeper by the
larger pressure and thersal cycles associated with startup and shutdown.

Fracture analyses indicate that the cracks found to date in the fesdwater
nozzles constitute a potential safety problem because the observed rate
of crack growth {s such that the margin of safety against fracture would
be reduced below acceptable values unless the cracks are detected and
resoved perfodically. In cases of severe cracking, repair by grindout
could be repeated only a few limes before ASME Code limits for noxzle
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 remova) of cracks by grinding involves radiation
exposure to personnel and is deemed unacceptable as a long-term 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
summation of the engineering design, test, and development effort under-
taken and accomplished by GE. The NRC staf! has worked closely with GE
and others in the effort to understand and resolve the complex safety
fssue. The NRC staff published interim guidance in the form of
NUREG-0312, “Interim Technical Report on BWR Feecdwater and Control Rod
Drive Return Line Mozzle Cracking.” TYhis 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-tarm 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.




3.0 DESCRIPTION OF SOLUTIONS
3.1 GENERAL ELECTRLC COMPANY TRIPLE SLEEVE SPARGER DESIGN

Host of the BWRs in operation today went into service originally with
loose-fitting sparger thermal sleeves. After discovery, by inspection,
of the various cracking problems caused by the loose-f{it design, Ticen-
sees replaced the original spargers with an interim, interference fit
design. No domestic BWR is operating with a loose-fit design today.

Although the interim interference fit design can vreduce bypass leakage
Tlow, its long-term effactiveness has been called to question because the
interference fit may degrade with time.

Because of these problems, GE has designed an “{mproved interference fit
sparger” as described i{n Chaptar 3 of NEDE-21821-02. This sparger
cesign, also called the "triple sleeve sparger! in this report, has been
recommended by GE as a replacement for the interim single sleeve design
mentioned 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
svaluation, The tests confirmed the postulated crack inftiation and
grout? mechanisms and served as input in designs to mitigate such
cracking.

Tho tests revealed that, for the original loose fit design, the cause of
thermal cycling was:

", . . primarily . . . Teakage flow passing between the thermal
sleeve and safe end. This Jeakage flow, which is at feedwater
temperature, mixes in a turbulent manner with hot downcomer flow in
the annulus between the nozzle and thermal sleeve. The mixing fluid
{mpinges on the nozzle wall causing thermal cycling of the metal
surface. It has been determined by test and field measurement at
Milistone [1] and Brown's Ferry 2 that the metal temperature
cycling, wih 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
initiat.ion depends on several factors including the duration of
opsration with low fesdwater temperature.”

The triple sleeve sparger was designed to prevent the thermal cycling
phenomena, thus significantly reducing the ikelihood of crack initiation
within the 1ifetime of the plant. The sparger utilizes three concentric
thermal sleeves, the innnermost of which conducts feedwater to the
sparger arms. Ths arms are attached to the sleeve by a forged tee,
fastened to the reactor vessel wall at their end points by brackets, and
are designed to deliver feedwater uniformly to the annular area betwsen
the core shroud and the vessel wall. In so doing, they provide
:gb:o?gi for the jet pumps and help maintain a uniform core power
stribution. : :
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Bypass leakage flow in the feedwater nozzle bore will be reduced
substantially by two piston-ring seals and an interference fit. Thus
thermal cyclirg will essentially be eliminated.

The first, or upstream, thermal sleeve piston-ring seal forxs the primary
seal betwsan the innermost sleeve and the noxzle bore. Water lesking
past this seai would Pass into the vessel through the annulus between the
inner sleeve and the “mid-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 {s an outer sleeve which is
Titted tightly in the nozzle bore at its upstream end to prevent vibra-
tory motion of tae sparger assembly. The secondary piston-ring seal at
that tight interference joint reduces potentizl bypass flow to nearly
zero because the pressure drop 1s very low across the zecondary 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 arms, 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 moved 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 tlow hole cracking).
Sparger arm cracking, which was another problem with the loose-fit

design, had been solved earlier by use of a forged tee tc replace the
older tee hox.

The NRC staff considered from two aspects the ability of the triple
sleeve sparger to perform its function. These aspects were jts effec-
tiveness in reducing thermal cycling of the nozzle bore and blend radius
and its durability. The two considerations influence both the criteria
for inspection frequency and the inspection method to be recommended in

the forthcoming NUREG report. Effectivensss will be discussed in
Section 4.

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

The staff also feals there is some question about the durability and
fatigue resistance of the triple sleeve assembly, aspecially at the
slotted connection of the "mid-thermal” sleeve to the inner sleeve. No
specific weakness has been identified but past experience with feedwater
sparger problems indicates that it will be prudent to monitor the

performance of the first units to be installed, and espectfally to monitor
for leakage.




3.2 CLAD REMOVAL

The inner surface of licensed BWR reactor vessels, including feedwater
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 in the vessel water.

However, removal of nozzle cladding coincident with installation of the
jmproved sparger design is now recommended by the General Electric Com-
pany. Analyses show that clad removal results in about & factor of two
reduction in cyclic thermal strecs at the surface of the metal. The net
effect of clad removal is to prolong the time to crack fnitiation if the
magnitude of temperature cycling is low. Removal of the cladding also
increases the number 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 eliainating the clad-base-metal interface, a comson
scurce of spurfous indications. It removes any metal that may have
suffered fatigue damage.

Bezzuse some base metal is removed along with the clad (amounts range
froy 0,1 to 0.5 inches of base metal removal), a recheck of the cross-
rectional area available for nozzle reinforcement is required to verify
that ASME Code rules will still be met. The limited oxperience 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 metal 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 attrivuted
to stress corrosion to date, GE believes it pcssible. On the other hand,
it was stated that the chances for base metal cracking by the BWR envi-~
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 problems with partially-clad nozzies nor with the areas in
existing rozrylizs where grinding to remove cracks had removed the cladding
and expused base metal.

The BWR 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 sleaeve. 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 indepandent assessment, the staff concurs with the GE
assertion that clad resoval offers a net benefit toward the goal of mini-
mizing the 1{kelihood of crack initiation. For some reactors with high
(420°F) opsrating feedwater tmmperatures, the combination of clad removal
and a zero leakage triple sleave sparger may bs all that is nc:ussary to
suppress cracking within the design 1ifetime. Other reactors with lower
;eod:ate; temperatures may require systems changes as noted in

ection 3.3.

3.3 MODIFICATIONS TO FLUID SYSTEMS AND OPERATING PROCEDURES

3.3.1

3.3.2
3,3.2.1

Objectives

NEDE~21821-02 indicated that the overall objectives of the various
solutions for the BWR nozzle cracking problem were: (1) to prevent
the initiation of cracks and (2) to 1imit crack growth to less than
10X of the wall thickness during the life of the plant, if they do
initiate. GE considers 1imiting crack growth tc be the more {impor-
tant objective., However, these objectives may 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 rathar 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 is very
sensitive to leakage and it is not certain that leakage would be
avoided during the 1ife of the plant. Therefore, 1t {s advisable to
augment 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 BWRs, GE analyses indicate
that system and procedural changes alone would not be sufficient to
rnest the overall objectives. Therefore, a particular solution must
be derived for each BWR and will in most cases consist of clad
r;nova], a new sparger design and some system and procedural
changes. .

Specific System Modifications

Low Flow Controller

The Tow flow controller would be used to control feedwater flow over
a range of flows from 0.5X to 10X 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 & low
flow controller would be necessary to 1imit crack growth to less
than one inch in 40 years.
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3.3.2.2

3.3.2.3

3.3.3

Reactor Water Cleanup System (RWCU)

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 cuntribution to delaying crack initiation, it does show that
revouting the RWCU can decrease the usage factor with respect to
crack initiation from .70 to .46. This would represent a signifi-
cantiggage factor reduction in those plants where rerouting is
feasible.

Other System Modifications

NEDE-21821-02 prasented an evaluation of the low flow controller and
the rerouting of the RWCU in terms of 1imiting 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. :

Plant Operating Procedures

MEDE-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 in 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 5X).
Operating plant procedure changes would be reguired to achieve
this. To our knowledge, early turbine roll has 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 5X.
Most feedwater train designs, including heater drain charac-
teristics, are compatible with this operation. Some heater
eggipment 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
Jow cycle fatigue problem discussed in other sections.

5. Plant operating procedures generally would be modified to
ninimize the total time spent at large subcooling and to recuce
the subcooling experienced for long periods of time, particu-
larly at high {eedwater flow rates.

The evaluation presented in NEDE-21821-02 showed that thz largest
improvement in the crack initiation usage factor would be achieved by
rerouting of the RWCU, j.e., a reduction in 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 Tow-flow
controller would have 1ittle effect on the crack initiation usage factor
but is necessary for 1imiting crack growth.

Based on its review, the staff concurs with the GE assessment of system
modifications and the benefits to be achieved by their installation.
Plant-specific review will be necessary in order to determine what
combination of modifications is acceptable and necessary.
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4.0
4.1

VERIFICATION OF GE TRIPLE SLEEVE SPARGER DESIGN AS AN EFFECTIVE SOLUTION
Vibration Testing

One of the problems associated with the original loose-fit sparger design
was flow-induced vibratfon. 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 saf2 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
modi{fied in almost all existing plants by the use of the forged tlee,
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 recommended 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 which resulted in problems with
the original designs. The experimental goal was to demonstrate that the
sparger 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 accommodate a full-scale sparger, and severa; different variations of
the triple sleeve design were tested. The recirculating loop providing
vater 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 minimua to maximum anticipated flow. During the flow sweep,
instruments recorded strain, acceleration, and displacemsent concurrently
with differential pressure across the sparger. The instrumentation
included accelerometers (radial, vertical, and circuaferential), bending
rtrain gauges {vertical, horizontal, and radial), and displacement trans-
~ucers to sense vertical, radial, and circumferential 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,
Jeakage flow was an active test varjable in the five mockups, varying

from essentially nonc to substantial flow.

In general, the vibration levels of the triple sleeve sparger were

acceptably low for all flow and load variations tested. Spectrua
analyses were performed where strain or displacement sensor amplitude
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4.2

readings were higher than norzal. These analyses were to determine the
values of strain or disziacement at single fundamental response frequencins,
Care also was taken to allow sufficient time during sweep testing so that

* any tendency for vibration amplitude build-up from stiuctural resonance

would be noticed. In all cases, the experimental values of strain and
displacement were low.

The tests also indicate that, assuming all external driving forces were
modeled in the testing, the triple sleeve: sparger is free of vibratioral
problems. We conclude that the tests were representative, the resulis
acceptable, and that this design has solved one of the problems recog-
nized in the original loose-fit desfign and potentially present in the
i{nterim interference-fit design. Therefore, the design §s acceptable
from this aspect.

Thermal-Hydraulic Testing and Analysis

Although the cause of crack fnitiation was generally assumed to be thermal
fatigue resulting primariiy from leakage flow passing betwe the theimal
sleeve and safe end, extensive testing was considered neces ..y to
characterize the flow instability and to test the varfous desig.. soluticns
under consideration.

The open tank used by GE for vibration testing of full size feedwater
spargers was modified to provide a 100°F temperature difference between
the simulated separator downcomer flow and the feedwater flow. The
nozzle area was instrumented for temperature measurement by the same type
of sensors as those used in operating reactors (Milistone 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-temperaiure
test (272) facility provided the basis for the explanation by GE regard-
ing the causes of feedwater nozzle cracks, and the 272 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 %#-minute time interval, the peak-to-peak amplitude was measured and

;eported as a percentage of the available temperature difference at that
nstant.

In the first tests, the facility was fitted with a loose-fit T-box sparger
sleeve 1ike the original Milistone 1 sparger. The pattern of temperature
cycling was found to be similar to that at Milistone 1, and the amplitude
of thermal cycling was in proportion to the difference in the available
AT (difference betwsen reactor and feedwater temperatures). Substantiqlly
greater AT exists in an operating reactor.

Some of the significant test results were:
1.  For large bypass leakage flow and low feedwatar flow, the cyclic AT

of the watsr near the nozzle blend radius was nerrly 100X of the
avaflable AT.
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2. The amplitude of the cyclic temperature at the blend radius metal
surface was approximately one-half of the water temperature amplitude.

3. Cyclic AT midway along the nozzle bore was dependent on the leakage
fiow rate, which apparently determined where the mixing of hot and
cold wator was taking place. For the forged tee sparger, the cyclic
AT results for the bore and blend radius were about equal at Jow to
med’.;» Teakage rates. Above the medium rate, the values for ihe
bore dropped off sharply.

4. With no leakage, the cyclic AT was about 20 perceni at low sparger
fiow, increasing to 30-40 percent at high flow. A concentric double
thermal 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
thermal cycling while the specimen was under a tensile load. Cracks were
initiated by this method. he nusber of cycles required to produce a
crack was reduced when the hole surface was clad with stainless steel,
and wa: least when the clad had been heavily coldworked by a chasfering
operation.

As :oted above, various design alternatives were tested in the 2T2 program,
such as:

1. A vortex suppressor, consisting of a vertical plate fastened beneath
the forged tee in 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 preventing 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-sieeve design, which
minimized leaxage.

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
jdea was abandonad when Lhe baffle was found to cause severe ,
stratification of the water in the annulus region near the safe end.

3. A hot flushing concept was tested to determine whother 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 in various
configurations in the evolution of the final configuration of the
triple thermal sleeve design.

Finally, the 2T facility yinlded heat transfer data useful for
calculating oporating conditions other than thos: simulated in the tests.
Comparisons also were made between the in-reactui' measurements at
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Millstone 1 and Browns Ferry 2. Based on comparison of the relatfonship
of metal temprvature thermal cycling to that of the water in the annulus,
the heat transfer coefficients were considered to be surprisingly high.

Confirmatory tests of the effectiveness of the triple »lanve sparger
design were performad 1n a GE test facility near Pacivic Cas & Electric
Company's Moss Landing Power Plant in California. Feedwater and super-
heated stsam 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 vassel. The Moss Landing
test was requirec becsuse the 272 temperatures (70°F fesdwater, 160°F
reactor water) did not provide a sufficient dunsity difference to
simulate the cold feedwater stratification in an operating plant. The
Moss Landing facility did accurately reproduce the tesperature fluctua-
tions found in operating reactors. Thermal cycling was shown to be
reduced to acceptable levels with the triple-sieeve sparger design. The
testing also showed that the thermal hydraulic performance of the
triple-siesve 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 thermzl shock test. This test, in a separzte 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 therma) shocks was impused by heating the sparger sleeve
seal region to 550°F, then quenching with 70°F water. The results
revesled some tendency of the piston rings to bind in their grooves and
malfunction, As a result, minor designh 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 Moss Landing demonstrated that the thersal-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 demonstrate that it should be effective in reducing thermal
cycling of the faedwater nozzle bore and blend radius areas.

Materials Testing and Selection

Section 4.6 of NEDE-21821-02, entitled "Sparger Life,” describes the
materials selected for the triple sleeve sparger and summarizes the
stress analysis and fatigue analysis that accompanied its design.
Inconel 600 was chasen for the piston ring seals and the upstrean end of
the thermal sleeve to cbtain a closs match of the coefficient of expan-
sion of the seal, the sleeve and the safe and. 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 corrosfon cracking.

As noted in Section 3.1, the staff feels there {s some question about the
durability and fatigue resistance of the triple sleeve assembly,
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sspecially at the slotted connection of the mid-therma)l sleeve to the
fnner sleeve. Although no specific weakness has been identified, past
experience with the feedwater sparger problems suggests that early
inspection of the first installed units may be prudent. However, with
the exception of the possible probles with the slotted connection, the
staff has found the selection of materials to be satisfactory.

4.4 Thermal Fatigue Analysis

4.4.1 Objective

General Electric performed an extensive fatigue analysis as part of
the triple-sleeve sparger qualification process. The purposes were:
(1) comparisons of the various sparger designs; (2) determination of

advantages accrued by clad removal, and; (3) determination of 3

effects of system changes proposed to mitigate thermal cycling. The
primary analysis concerned crack initiation resulting from high
cycle fatigue. Fatigue crack growth from an assumed inftial
0.25-1rch 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,
froa the many records (operating reactor and previously-described
212 and Moss Landing tests) of temperature versus time, of what GE
termed a thermal fatigue "load" spectrum. Thersal cycles were
counted during a 240 second period, utilizing the “ordered overall
range" approach described in NEDE-21821-02. The result was & “load"
spectrum in which the ordinate (vertical) axis was the screening

(ninimum) arplitude expressed as a percentage of the peak-to-peak ]

amplitude, and the abscissa (horizontal) was the nuaber of half-
cycles with amplitude 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 than the 1.0 Hz frequency assumed at the peak amplitude in
the original GE analyses. As an example, the envelope spectrn
asplitude 2t 1.0 Hz was only 20X of the peak-to-peak amplitude, and
the large amplitude thermal cycles (greater than 95X of available AT
peak-to-peak) occurred only about once every 100 seconds.

The next step in the GE analysis was the extension of ASME

Section 111 fatigue S-N curves to cover the GE region of interest
and to serve as design basis curves. The resulting curves developed
by GE extended Figures I-9.1 and I-9.2 of ASME Section III beyond
10% cycles to 1012 cvcles.

Using the modified curves, a Tinear cumulative dazage rule, and the
1oad spectrum determined from the “ordered overall range" approach,
GE derived the cumulative fatigue damage (usage fact.o:g.per

1000 hours. The derivation included predictions at various peak
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4.4.3

alternating stresses and was accomplished for both the noxile clad-
ding (stainless steel) and base material (low alloy carbon steel).

The peak alternating stresses used in the derivation were obtained
directly from measured values of cyclic temperature difference as a
percentage of the available temperature difference (T reactor -

T fesdwater). The temperature differsnce data came from the Moss
Landing test results.

Finally, 1t was necessary to know the amount of time spent at
various reactor tesperature differentfals. Two time-temperature
flow maps were given in NEDE-21821-02. The first was » “reference
procedure” characteristic of the present operating mode of BWRs and
the second a “proposed alternate [sic] operating procedure” con-
taining certain system changes and procedural changes as described
in Section 3.3. The probability of crack initiation was evaluated
in terms of the fatigue usage factor for several combinations of
sparger design, Teedwater tesperature and operating procedure.
These wers summarized in NEDE-21821-02.

The conclusions drawn by GE from comparison of tabulated fatigue
usage factors for the various combinations of proposad 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 extresely important
variable, as is the temperature difference T reactor ~ T feed-
water. For example, in the case of the triple-sieeve sparger
installed after clad removal, GE predicted no crack initiation
in 40 years with ful) power fesdwater temperature of 420°F and
Teakage held to a maximum of 1 gpm. If, however, leakage
exceeds | gpm or the feedwater temperature during power opera-
tions is as low as 340°F, crack initfation is predicted during
the plant's design lifetime.

3. An unclad nozzle with the v 1ded single sleeve sparger designed
for zero leakage should opurate for 40 years without crack ini-
tiation if operating feedwater temperature is 420°F. The
fatigue usage factor on such a nozzle could be reduced frox

0.77 to 0.46 by adopting GE's proposed alternative operating
procedures.

Crack Growth Analysis

As a Tirst step in the fatiguc crack growth evaluation, noxzle
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 feedwater temperature from
550°F to 100°F at 25X of rated feedwater flow, was used to model a
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4.4.4

thermal transient. Maximus metal surface stresses developed
typicaliy in 2 to 4 minutes, but longer times ware experienced when
the heat transfer coefficient was low. Therefore, {n order to
deteraine maximum values, it was necessary to compute stress
intensity factors as a function of time for each value of assumed
crack depth. The initial flaw was assumed to be a semicircle
0.25-inch deep.

Based on rscent data concerning reactor thermal operating history,
GE made a refinement in the original ‘sodel of the low frequency
stress cycles. That model had defined a startup/shutdown cycle as
the combination of one pressure cycle (0 to 1050 psi and return to
0) and six thermal cycles in which feedwater temperature cycled
between 100°F and 550°F. The revised model comprises three scrams
to Jow 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 scram cycles. A scram is assumed
t: include 60 on-off feedwater flow cycles during which feedwater
teaperature varies from 100°F to 300°F and 12 such cycles with
temperature variation from 100°F to 430°F.

The new madel for crack growth was cospared with known data from
operating reactors. Specifically, the growth of a 0.25 inch crack
was compared with the crack growth cbservations at Pilgrim, Nine
Mile 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 agreement 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 fTeedwater controlier. Results are described in
Section 3.3, sbove. '

Staff Evaluation and Conclusions

The staff has reviewed the GE analyses discussed zbove and has
concluded that the methods used and the results are acceptable. We
have further concluded that the results of the crack initiation and
growth analyses may be applied in establishing generic inservice
inspection regquiresents.
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5.0 OTHER SPARGER DESIGNS

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

The staff generally agrees with the GE assussment that a configuration
with the thersal sleeve welded to the nozzle safe end provides some
assurance of protection against crack initation {f feedwater temperature
during operation is at least 420°F. tHowever, as GE noted in the report,
there are several drawbacks to this particular design. Not noted is the
lack of suitable inspectability of the thermal sleeve-to-nozzle weld.

The staff's concern is that weld failure after several years could result
in substantial bors cracking prior to the appearance of cracking on the
accessible areas of the blend radius. The staff is still devoting effort
to the resolution of the inservice inspection issue, as noted in the
introduction and in 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
No. 1, demonstrated the efficacy of the welded design early in the plant
1ife in that no indications of cracking were found. In addition, a lim-
ited visua) inspection of the sleeve-to-nozzle weld was performed at
Duane Arnold, where sparger design allowed such inspection. The weld was
reported to be intact. Although these early inspection 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 is the single piston ring
design, which is simply an augmentation of the interference fit sleeve
design and would serve similarly to the interference fit as an interim
“fix® until its efficacy has been demonstrated by field experience. GE
acknowledges this in their statement that the *. . . interference fit
will not be lost during the 1imited design 1ife of this component.! The
only operating plants with an installed sparger/sleeve similar to this
are the 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 hy GE 1s 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 initia-
tion but its longevity is 1imited as it relaxes with time. Therefore,
although it is acceptable on an interim basis, the staff does not regard
}t as ai1ong-tera replacement without relatively frequent inservice
nspection.

Not mentioned in the report, since they are beyond GE's responsibiiity,
are other approved and currently operating designs at Nine Mile Point and
Oyster Creek. The staff, while accepting the GE triple-sieeve, double
piston ring design as an effective long-term solution, will review other
proposed designs for acceptability.
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6.0 ULTRASONIC TESTING AND RECOMMENDED INSPECTION z
6.1 Introduction

Chapter 6 of NEDE-Z21821-02, entitled “Ultrasonic Testing," describes the
General Electric UT procedure and results of feedwater nozzle examina-
tions performed by GE. Chapter 7, entitled "Recommended Inspections,“
proposes’an inservice inspection (ISI) program for plants with either the
triple slesve sparger or the welded sparger. The proposed ISI program
differs from the recommendations of the NRC's interim guidance documsent
NUREG-0312 by proposing to eliminate 1iquid penctrant (PT) examinations
and to substitute UT examinations at less frequent intervals.

6.2 Staff Evaluation and Conclusions

The selection of conservative NOE methods and appropriate inspection
intervals is dependent upon the nuture of the flaws under investigation,
Therma}) fatigue cracks detected in the feedwater nozzle blend radius and
the bore region ?enarally have been as deep as 1/2" 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 examination metal paths, and cladding .
interference encountered in feedwater nozzle inspections.

Currently, the o'~ - »~ceptable method for conclusively deterting,
; locating and cha Jzing existing flaws is PT of the inner surface and
i 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 cbjective of current NOE technology
programs is to develop a reliable and effective UT procedure that can be
performed from the vessel exterior surface.

Section XI of the ASME Code requiras periodic volumetric examination of
the feedwater nozzle region. However, a specific recommended procedure
has not yet been published. To inplement NUREG-0312 as required by the

- staff, licensees are performing i1ucaented ISI programs at designated
intervals of operation, includir; supplemental PT and UT inspections
during scheduled outages. There ar: currently many different UT proce-
dures in use. Evaluation of plant specific practices has been necessary
because the differences in nozzle geometries combined with certain
inspection variables can influence the exasination results. To date, no
specific UT technique is acceptable to the NRC as a sole method of
characterizing fatigue cracks. However, there is an extensive sffort
underway to develop such a technique. ‘

As a result of theare being no repeatable, reliable UT technique which has
requisite sensitivity, the staff does not at this time accept UT examina-
tion as the sole means of assuring nozzle integrity. We are concerned,

of course, that continued PT examinations result in significant radiation
exposure for licensee and inspection company csployees. Therefore, we .
will adopt a realistic program which provides cradit for licensee actions
to minimize the possibility of crack initiation and growth. Such actions
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6.3

will extend the time between PT inspections. The program is discussed
briefly in 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 citsd as a reference in
1icensing actions by either licensees or applicants. For such liccnsin?
actions, the staff will provide specific guidance, using NUREG-0312 unti]
the forthcoming NUREG 1s {ssued.

Summary of Continuing Major Activities

Inspection companies, EPRI, and an ASME Code working group are continuing
major programs to develop & reliable and effective UT proccdure for the
nozzle inner radius exsmination. The primary objective haz Lgen directed
toward the detection and location of flaws. Current examination tech-
niques ars not sufficiantly developed to characterize the dimension or
shape of indications with an acceptable degree of accuracy. The only
{nterpretation presently available is that the minimum threshhold depth
of crack has been exceeded. The relatively long ultrasonic wave metal
paths, inhersnt beam spread, and cladding make yuantification of the
indication dimensions extremely difficult ard could require advancements
beyond the 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 comprehansive correlation of UT indications on actual thermal fatigue
cracks compared with PT verification could demonstrate that all cracks
that could affect the structural integrity of the nozzle are detectatle
in any location. The distribution of actual flaws compared to recorded
indications and the minimm detectable flaw depth for a specific UT pro-
cedure also would be established. This type of data may decome available
during planned clad removal 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 systamatic investigation of the various UT proce-
dures on such a mockup could identify the most effective procedure in
taras of detectability, reproducibility, and efficiency to ninimize
zarsonnel radiation exposure. The results of a similar survey, using
anothor nozzle mockup with machinad notches, are being evaluated by EPRI.

The i:'vailability of these full size test specimens is important for
procedurs and personnel qualification and training of operators under
simulated plant environmants. The most reliable plant {nspection
procedures use a nozzle mockup as the calibration block.

The ASME Code Section XI established a Task Group to define requirements
for a UT procedurs applicable to inner radius examinations. The availa-
bility of a full size mockup and additiona’. supporting data on the UT
respense fro» actual characterized fatigue cracks should provide the
basis for revisions to the ASME Code. Ths staff will follow the UT
development pr:?r-s directed toward demonstrating an effective UT
procedure and will {ssue appropriate further guidance bsyond that to be
'lncludod in the NUREG document which completes A-10 study.
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6.4 Recommended Inspections

The staff wiil continue to evaluate plant-specific leak test and
nondestructive examination requirements on a case-by-case baiis. PT of
the inner surface and, if necessary, resoval of cracks by grinding, is
the only demonstrated method to conclusively detect, locate and charac-
terize flaws. The installation of an acceptuble fesdwater sparger and
modifications such as clad removal and system changes should prevent
cracking or decrease the rate of crack propagation. Thersfore, the
current inspaction interval between PT examination will be {ncreased for
plants which have incorporated acceptable modifications.

The staff will provide further guidance on acceptable inservice leak test
and NDE methods and inspection intervals.
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7.0 IMPLEMENTATION - -

Chapter 8 of NEDE-21821-02 is a brief discussion of the GE
recommendations ‘regarding the implementation of physical and opurational
modifications. -

For plants sti1} under construction, GE recommends that all changes be
implemented prior to startup. However, where completion of physical
changes would delay 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 therma’i sleeves, GE recommends installation of the
system changes only. For those plants under construction where system
changes would delay the startup, GE recomsends delaying the modifications
until an appropriate outage.

Regarding the implementation of physical changes for plants still under
construction, we will reguire such changes to be accompliished prior to
initial reactor-operation. Radiation sxposure for modification personnel
thus could be avoided.

With regard to operating plants, the staff has concluded that appliicable
hardware and system changes should be implemented as soon as practicable,
Based on the expsrience of plants which have already removed noxzle
cladding and installed advanced design spargers, this work may be
deferred until the first lengthy outage. We maintain our position as
stated in the interim 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 implement system changes at this time, we
will reserve commant on the ability of the weld and thermal sleeve/

sparger to resain intact throughout the design plant life, pending
confirmatory inspections.

-
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8.0 SAFETY CONSIDERATIONS
8.1 Summary of Chapter 9, NEDE-21821-02

The approach taksn by the General Electric Company in Chapter 9 to
svaluate the safety significance of nozzle cracks was to determine the
margin of safety (against rupture of the pressure vessel) using fracture
~achanics calculations. An assumption is made that the maximum flaw size
will be 1imited to that permitted by Section XI of the ASME Code. By
those rules, for example, nozzle corner blend radius cracks could pene-
trate base metal to a depth of 0.95 inches 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 consideved to
be small, Stresses related to pipe reaction forces were omitted
without comment.

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

3.  An upper shelf value of 200 kst Jin was used for K,, for
- temparatures 180°F greater than the reference templﬁatura. RT OT*
which was assumed to be +40°F for the nozzle material. It wag
stated, without supporting evidence, that 200 ksi Jin renresents a
"!10}.3. upper shelf toughness for reactor vessel grade low alloy
steel.

4. A thermal-hydraulic analysis showed that temperatures at the tip of
postulated cracks exceaded 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 (0.1t) in the direction
of the advancing cracks.

. st -

6. To obtrin a solution for K, {pressure), GE used a three-dimensional
analysis published by Giimidn and Rashid, supported by the solution
for an edge crack in a circular hole and by photoelastic test
results published by Saith.




10.

Safety margins for pressure acting alone were calculated in terms
of:

KIR'= 200 ksi yTn
‘Ki {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 ksi JIn for the "Section XI Fiaw," hence thL
safety margin on internal pressure was approximately 3.2.

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
550°F 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 tipset conditions. Calculations were
presented for two times in the transient -~ 90 seconds and 30 minutes.
From the report, the ratio of K., (=200 ksi Jin) to K; (thermal) is
about 1.5 to 1.6, but GE does nSE use this ratio in tﬁeir safety
»nalysis.

To express the margin of safety for cases of combined pressure and
thermal stress, GE intvroduced a new term, "Fracture Mechanics
Ytargin," A.

A = iR

Its use is justified by an analysis based r: a report (ORNL-TM-5090)
regarding experimental data obtained on the intermediate test ves-
sels in the Heavy Ssction Steel Technology (HSST) program at Oak
Ridge National Laboratory. Two of these vessels had nozzle corner
cracks. The fazts 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 this approach.

Also, a precedent from Appendix G of the ASME Code is cited, i.e.,
the requirement that

2Kyp + Kpy < Kpg
The values of "A" are somewhat great. than 2.0 fc» the cases cited.

Finally, GE utilited an LEFM leak-before-break analysis in which
very large cracks, ane at the top and cne 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 n;, would not be
exceeded urder normal operating pressure until {ﬁe hypothetical
through-wall crack extending above and below the nozzle reached a
critical length of 29 inches.
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8.2

13. GE cited experimental evidence obtained by Japanese investigators in
what are called the JAERI* pressure vessel tests. Nozzle corner
fatigue crack growth was measured 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 ocenr instead of a fracture, The fatigue crack
growth rates also wei¢ 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 s that
the recommended solutfons to reduce cracking and to improve inspec-
tion methods will result in a significant reduction i{n the maximum
expected flaw size in an operaling reactor. GE believes this reduc-
tion to be so significant that, even with the presunce of the
maxisum expected flaw in the nozzle of an operating reactor, the
margin against failure of the steel will be the same as that
inherent in the design, by ASME Code, of an unflawed reactor vessel.

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 faedwater noziles,
that whenever pressure stresses and thersal stressos are high, the
temperature of the metal in:the path o: an existing crack is generally
high enough to provide optimum 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 QOak
Ridge National Laboratory. The models containeéd nozzles similar in
design to the feedwater nozzles of boiling water reactors. The test
results showed that the vessels exhibited greater resistaice 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 comments
regarding certain steps:

Point 3 of the GE analysis - The assumed value of 200 ksi JIn for K
the nozzle steel at upper shelf temperatures is insufficiently swswnti-

ated by valid data. The highest measured value considered valid,

according to American Society for the Testing of Materials (ASTM)

Standard E-399, is 148.55 ksi J/in. The re-uit was obtained from 3
twelve-inch thick specimen.

¥ _“Atomic Energy Research Institute (Refer to S. Miyazono et al.,
"Facigue Behavior of Nozzles of Light Water Reactor Pressure Yessel
Model*, Third Internatfonal Conference on Pressure Vessel
Techno]oqy. ASME)
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Experimer . - :-zrle steel have shown that its resistance to fracture,
measured «: -+ 3 of the maximum load and corresponding displacement,
increases . . iy with temperature above that at which the valid result
aoted above was saasured. Because the reactor vessel is operated at
tesperatures higher than that at which the ASTH value was obtained, we
believe GF's use of 200 ksi JTn in their conventional fracture mechanics
analysis to be satisfactory.

Point 5 of the GE analysis ~ Maximum flaw sizes of 0.1t (t is nozzle wall
thickness) were assﬁiﬁ Tn the GE analysis and justified simply on the
basis that 0.1t vepresents a 1imit in Section XI of the ASME Ccde. The
staff accepts the 0.1t 1i{mit, but bases its acceptance on knowledge of
8WR operating experience with regard to the 70zzle problem. Substantial
data have been gathered regarding the correlation of startup/shutdown
cycles with cracking severity. In addition, there is extensive service
experience with the interference fit sparger serving as an interim solu-
tion prior to clad removal and {nstallatiori of the triple sleeve sparger.
From this body of knowledge, the staff has conservatively predicted the
time for an assumed 0.25 inch flaw to grow to 0.1t and has predicated its
recoamendations for inservice inspsction on this prediction. The staff
has gained additional ccnfidence from the GE analyses and testing related
to the development of the triple sleeve sparger which will substantially
1imit crack init{ation and growth. From these factors, the staff has
concluded that the assumed 0.1t maximum flaw size {s acceptable.

Point 9 of the GE analysis - The “fracture mechanics margin, A,"
Tntroduced for this an_a'lysi_s, is a new concept. The NRC staff accepts
jts use for the purpose of treatment of thermal stresses at the feedwater
nozzle. GE justifies use of the concept by referring to tests of flawed

‘six~inzh thick vessels in the HSST program. The vessels, prior to burst,

underwent greafer through-thickness yielding than was predicted by con-
servative fracture pechanics analyses. The staff believes the empirical
factor A is useful and gafns confidence !rom the knowledge thai in the
case of feedwater nuzzles, cracks generally advance into a lower-stress
region where there is high temperature and therefore 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 {nforzation will be available.

Point 10 of the G- analysis - The staff accepts the conclusion of GE's
haE-EE?ore-B. reak 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 lTower than that (upper-shelf) which yields
optimum resistance to crack propagation.

C-30

. iy e ST P s ¢ WA §




[P .
——— e e, e s+

9.0 CONCLUSIONS

Based on our review and cva'hiatioﬁ of the information provided by GE, the
staff finds the GE topical report NEDE-21821-02, with specific exception
of Chapters 6 and 7, acceptable as a reference in B8R 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 information
from the licensee or applicant.

We have concluded that the proposed GE sparger modification, when coupled
with the resoval of the stainless steel cladding and feedwater system
changes when necessary, provides s substantial {mprovement over previous
GE designs. A reactor vessel thus modified will be.able to operate for
an extended period of time between surface exzminations. Extending the
interval between surface examinations will substanti{ally 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 de¢signers at two operating plants and have also
approved welded configurations designed by GE. Any apprnved design wil?
require some in-service verification of its continued aiceptability
through inspections.

For. facilities now under review for an operiting license, the combination
of the proposed GE sparger modificalion, an unclad nozzle and appropriate
system changes is an acceptable design. Subjects requiring further
consideration and review are inservice inspection intervals and the use
of leak testing and certain NDE techniques, particviarly ultrasonic
testing. While the KRC staff recognizes that there have beer improve-
ments in NDE technology in the past few years, we have not a' :epted fully
the industry evzluations regarding improved flaw detection, ecause the
effectiveness and reifability of nozzle-related UT procedut s have not
yet been demonstrated adequately under field conditions for real cracks.
The forthcoming NUREG report (to be pudlished at the completion of the
ongoing KRC generic program related to BWR nozzle cracking problems) will
define acceptable interim NDE methods and inspection intervals, The
staff recognizes and encourages industry-sponsored NDE pregrams to
demonstrate the reliability of UT techniques and will give credit for
favorable results.
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% UNITED §TATES

w % NUCLEAR REGULATORY COMMISSION
j WASHINGTON, D, C. 20588
%

pand January 28, 1980

Generic Technical Activity A-10

Mr. Richard Gridley, Manager
Fuel and Services Licensing :
General Electric Company !
175 Curtner Avenue

San Jose, California 95215

Dear ﬁ;. Gridley:

Since the initial discovery of cracking in boiling water reactor (BWR)
control rod drive return 1ine (CRDRL) nozzles in early 1977, General
Electric (GE) has proposed a numbei of solutions to the problem in the
course of which ceveral documents were submitted for NRC staff review.
These documents were as follows:

1. Letter of March 14, 1979, G. G. Sherwood (GE) to V, Stello and
R. Ma%tson (NRC) regarding calculation of CRD system return flow
capacity;

2. Letter of April 9, 1979, G. G. Sherwood (GE) to V. Stello a:d i
R. 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 3
R. Mattson (NRC) forwarding results of CRD system solencid valve 3
performance testing; and

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

A1l concerned the GE rationale for the latest proposed system modification
to prevent nozzle cracking; namely, total removal of the CRDRL and cutting
and capping of the CRDRL nozzle. Previous submittals had presented the
bases for the other modification proposals discussed herein.




#r. Richard Gridley -2~ January 28, 1980

Specifically, your March 14, 1979 letter discussed the GE analysis parformed
after the NRC's selection of a base case for use in coaparing capability to
inject high pressure water into the reactor vessel when other water sources
were isolatad. This base case was the 1975 incident at Browns Ferry Unit
No. 1, during which the CRD system sometimes was one of the only cepable
sources of high pressure water injection to keep the reactor core covered. The
staff recognizes that the presence of this capability had not been directly
assumed in any previous safety analysis. However, the critical need for the
system was again revealed during the early 1979 incident at the Oyster Creek
Nuclear Generating Station. During this incident the reactor vessel also
was isolated from other sources of high pressure water and the CRD system
makeup capability helped prevent uncovering cf the active fuel.

Your analysis of March 14, 1979, included several assumptions which the NRC
staff has found acceptable. Principal among these was that concurrent
operation o7 the two CRD pumps was possible at any plant. This of course
fmplies 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 resoval.

The letters of April 9, and May 1, 1979, discussed tha solenoid valve
testing program initiated in response to earlier NRC concerns. The original
analysis of CRDRL removal without rerouting determined that return flow to
the reactor vessel from drive operation would enter CRD cooling water 1ines
and return to the vers! through the CRD mechanisas themselves. During
testing, however, you discovered that the actual path would be a reverse
flow path through the insert exhaust directional control valves of the
non-actuated Hydraulic 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 hydraulic 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 new valves. The results showed that the reverse flow characteristics
of 211 valves were similar and that degradation of the valves to the point
of causing system malfunction would not be expected during long-term
nor-:l operation of the system. The NRC staff is satisfied with these
results.

Simulated 1ife cycle testing also was performed on five valves, resuiting
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 -3- January 28, 1380

Your final letter of November 2, 1979, discussed in datail your response
to staff concerns regarding possible degradation of the CRD syctem and
individual CRD mechanisms because of corrosion problems from carbon steel
piping. Certain modifications were suggested to solve these problems.
You also discussed your recommendations regarding the installation of
pressure equalizing valves in the CRD system to prevent, under a hypo-
thetical transient, a lTarg: pressure differential across the CRD system
which could result in excessively fast movement of a selected control
rod. The valves also prevent flow from the carbon steel piping of the
normal exhaust water header to the drive cooling water header.

¥e have reviewed your submittals and have concluded the following:

1.  Only licensees of the following classas of plants will be allowed at
this time to implement the recommendation to cut and cap with no re-
routing of the CRDRL and without further analysis. Each applicadble
plant sust demonstrate, by testing, concurrent two “RD pump operation
(with one exception), satisfactory CRD system operation, required
Tlow capability, and each will be required to install the system
modifications listed in 4. below.

a, 218" BWR/6

b. 251" BWR/6 . .

c.  183% BWR/A (only one pump needed to satisfy base case requirement)
d. 251" BWR/4 .

No modifications should be performed on operating reactors prior to
issuance of the “For Comment” icsue of NUREG-0619, scheduled for
release in January 1980.

2. Ve do not accept the hypothesis that the calculations for the above
plants were bounding. Therefore, prior to our approval of modification
of cther plant classes, we shall require analysis similar to that per-
forsed on the plant classes of i. above. The same testing and system
modificaticns will also be required.

3. We found the 251" BWR/5 (the fifth class analyzed in the March 14, 1979
letter) presently to be unacceptable for mcdification in that {ts calcu-
lated flow fell below the acceptable base case value. Further analysis
or plant-specific testing could prove flow capacity to be acceptable.
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Mr. Richard Gridiey -4 - January 28, 1980

4. Ve will require that the following modiffcations be implemented on all
plants requesting the removal of the CRORL without rerouting and those
which rercute but choose te operate with CRD return line flow valved
out;

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

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

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

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

6. Licensees who choose to reroute the CRORL, either with or without
continuous return 1ine flow to the system beinq tapped into, must
add the GE-recommended pressure control station to the cooling water
hagder, This station acts to buffer hydraulic perturbations from
any connected system in order to prevent pressure fluctuations in
the CRD system.

Modification 4.c is based upon our decisfon not to accept the “do nothing
alternative addressed in your November 2, 1979 letter. We consider the
"more absolute solution" (your charactarization) to be the correct one and
agree with your recomvendation, made in 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 Tfailures of a type not previously analyzed.

Note that we have discussed only the acceptability of the latest GE recom~
mendation discussed in the four lettrrs. We continue to accept CRORL
re-routing to a 1ine outside containment that in turn provides the return
flow to the reactor vessel (valving out after re-routing results in other
requirements - see 4. und 6. above). We also find acceptable, as a strictly
interim measure, the valving out of the CRDRL. However, this will require
inspection, during cach 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
nozzie, the apron area beneath the nozzle, and the subsequent removal of
any cracks found during the inspection.




Mr. Richard Gridley -5-=- January 28, 1980

For the BWRs undergoing licensing review and designed and constructed without
the CRDRL and its nozzje or modified with the CRORL cut and capped without
rerouting, we will require tasting (simflar to that for operating plants) to
prove satisfactory systam operation, return flow capability equal to or in
excess of the base case requiresani discussed above, and two pump operation.
Applicable modifications of 4. above alzo must be implemented. We shall
require the establishment of operating procedures for achieving maximum CRD
flow to an otherwise isolated vessel. Calculations with regard to base case
return Vlow requiresents should be submitted, but in lieu of such calculations,
:.hc sug‘;‘ :ay accept reference to a bounding analysis if necessary justification
$ prov . :

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

Sincerely, ‘
M %Mcmr

Division of rating Reactors
Office of Nuclear Reactor Regulation
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RESOLUTION OF COMMENTS ADDRESSING THE
“FOR COMMENT" VERSION OF NUREG-0619
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1  INTRODUCTION

The “For Comment” versfon of NUREG-0619, dated April 1980, was distributed in
May 1960. Its {ssuance was announced in the Fadera}l Register of May 20, 1980,
Vol, 45, No. 99, page 33751. Subsequent to its release, distribution probless
prevented its timely transmitta) to licensees and applicants. As a result,
the public comment period was extanded until July 21, 1980 by Federal Register
Notice of July 10, 1980, Vol. 45, No. 134, page 46587.

2  COMMENTS RECEIVED

Comments wers received from Genera)l Electric Company, Long Island Lighting
Company, Northern States Power Company, Commonwealth Edison Company, and
Vermont Yankee Company. Because so few comments were recefved, the major
comments from each coamenter are discussed in Secticn 3 below. For sase of
understanding, Section 3 is 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 COMMENT REVIEWS

A1l 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 NUREG
document. These included comments regarding typographical errors or
clarification of system or component functions.

A1l changes to the NUREG document, whether NRC-initiated from its own review
or resulting from the incorporation of comments, are marked in the right
margin with vertical marginal lines. Specific comments follow.

3.1 Feadwater Noztles

(1) General Electric Company (GE)

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

(b) Another comment addressed clarification of which sparger types would
be exempt from the requirement to remove at least one sparger for
dye-penstrant examination., We have modified the requirement
(Ssction 4.3.2.3, page 17) to specify that accessibility to the
nozzle surface is the reason that the single~sleesve forged tee
sparger is exempt from the removal requirement. Additionally, the
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(2)

(3)

welded cled and welded clad-removed configurations, which also
afford satisfactory accessibility, are already exempted by
footnote 7 to Table 2 (page 18).

(c) A final significant comment regarding the feedwater nozzles proposed '

that piston-ring seal refurbishment should be based upon usage
factor calculations. 1In its review of this comment, the NRC staff
has determined that cradit can be given for qualitative leakage
determination from on-11ne systems. Section 4.3.2.4 further
indicates the staff's willingness to discuss plant-specific factors,
such as usage factor detsrmination, as part of its assessment of
nesed to inspect the nozzle surface.

Long Island Lighting Company (LILCO)

LILCO commented 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 slesves and two piston-ring seals. LILCO
proposed instead that ultrasonic testing (UT) and visual examination be
the primary means of inspecting these nozzles and that PT examination be
used only if UT or visual examinations reveal “discontinuities which need
corractive action.” The NRC staff disagrees with this assessment. It is
the staff's opinion, as stated in NUREG-0619, that present UT tachniques
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 examirations will
sti11 be required periodically. Regarding the proposal for visual
inspection, t : NRC staff cannot agree to its 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 1ikely to have already exceeded
applicable Code 1imitations.

Northern States Power Company (NSP)

(a) NSP provided a comment addressing proposed change» to the Monticello
fesdwater 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 1 be modifiad to include
:gagific inservice inspection intervals for the proposed Monticello

sign.

Although the NRC staff has approved the design concept for the
Monticello modification, wa 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 information regarding results 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 its implementation has been retained in NUREG-0615. 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 commented that the NRC-proposed in-vessel leak determination
test probably would not be effective. The NRC staff had received
that comment from others and agrees that the proposed method was
unsatisfactory. It was deleted in the modification 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).

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‘ion that interference-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 in leakage and crack inft.ation. 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
Trequency (See Table 2). For these reasons, we cannot allow the use of
interference-Tit 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. Ancther commenter noted the difficulty in preparing
for modification of both the feedwatei- 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
grive nozzle (and system) modifications must be completed by June 30,
982.

Commonwealith 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 significantly

only with seal leakage. The NRC staff agrees that this is true bu
takes exception to the thrust of the CECO comment. First, the RWCl
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 aiscusses 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 1imit 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 mincor secondary seal leakage may
go undetected for Tong periods, assuming that an inservice leakage
detection system is not used and that the 1icensee follows the
i{nspection requirements set forth in Table 2. The addition of theso
systems changes as well as clad removal will help to delay crack
fnitiation and, in the event that cracks do initiate, will reduce
their rate of growth, thus minimizing inspection and repair time and
radiation exposure.

CECO also commented 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.

Control Rod Drive Return Line Nuzzles

General Electric Company (GE)

(a)

(b)

(c)

(d)

GE commented that flow maintenance should not. be required if
rerouting of the CRDRL is accomplished to a system that connects to
the rezctor 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 requivements (depending upon the uecision to maintain
rerouted return 1ine flow) delineated. 3Section 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. ‘ '

GE also requested that the NRC staff add to the 1ist of approved
“cut and cap" BWR classes those classes that had been reviewed since
submittal of the technical information for the “For Comment" NUREG.
This has been done and Section 8.1(4) (page 31) has bee: modified to
include the updated 1ist.

GE provided comments concerning the use »ad 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.

In 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

E-6




(2)

3)

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:

I4
o s s cmerca—— g

Northern States Power Company (NSP)

NSP commented that in its 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 is 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 accommodate normal (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 in the return Tine and the new cooling water header pressire
control station. The station would compensate for the rising CRD system

pressure resulting from cliosure of the check valves and would prevent
drive speeds from exceeding the operational 1imit of 5.0 {n./sec.

Commonwealth Edison Company (CECO)

(a) CECO argued against rerouting of the return line, stating that
additional nondestructive examinations in either case sade 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 eiiminate 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
T1ine) 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 means 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-1ine nozzle be eliminated for those plants on which inspection
was accomplished when flow was originally valved out. The NRC staff
cannot agree to this suggestion for two reasons. Ffirst, past
experience has proven that tight fatigue cracks are sometimes missed
durfng 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, fnitiating cracking anew.

{¢) CECO questions the need for nondestructive examination on tarbon
steel piping used in rerouting the return 1ine, when the rerouted
flow is valved off and stagnant conditions exist., Since inter-
granular stress corrosion cracking under stagnant conditions is a
phenomenon known to occur only in stainless stael piping, we accept
this comment and have modified Section B8.2(3)(c} on page 33
accordingly.

(d) CECO's fina)l comment regarded the schedule for system mod{ficatfons.
This has been discussed elsewhere,

4 INCOMING DOCUMENTS*

The following incoming Tetters comprise the comments discussed in the
preceding sections. A1l were addressed ta Richard P. Snaider, Generic Issues
Branch, Division of Safety Technology. The letters are:

NRC
Accession

Date Number Cospany Mame & Title of Originator

June 19, 1980 8007070243 General Electric Richard L. Gridiey, Manager
Fuel and Services Licensing

July 8, 1980 8007150655 Long Island J. P. Movarro, Project Manager,
Lighting Company Shoreham Nuclear Power Station

July 11, 1980 8007170398 [orthern States L. 0. Mayer, Manager

Power Company Nuclear Support Services
July 18, 1980 8007250488 Vermont Yankee R. L. Smith
Nuclear Power Licensing Engineer
Corp.
July 23, 1980 8007280567 Coxzmonwealth Robert F. Janacek,

Edison Company Nuclear Licensing Administrator,
Boiling Water Reactors

#Copies of the five letters are available 1n NRC PDR. “The Pubiic Document
Room is located at 1717 H Street, N.W., Washington, D.C. 20555.
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