MEMORANOUM FOR: Carlyle Michelson, Director 4
Office for Analysis and Evaluation
of Operational Data

FROM: Earl J; Brown
Office for Analysis and Evaluation
of Operational Data

SUBJECT: IMTERNAL APPURTEMNANCES IM LAR's

An AEOD study was recently inftiated as a follow=up to orevious ACRS
concerns about deqgradation of internal appurtenances in LWR piping during
normal plant operation and the potential effects when deqraded appurtanances
are subiect to accident loads. The primary concerns are that accident loads
could result in failure of devices already degraded duriig normal service
such that mitisation of the accident would be adversely affected or that
continued degradation of these devices during normal service may in itself
lead to an accident., The purpose of this memorandum is %o provide a brief
backaround summary of the initfal ACRS inquiry and identify additional
events where appurtenances were deqraded during normal operation so that

the information will be available to the responsible program office as
appropriate,

BACKGROUMD

The iritial inauiry was raised in your letter dated June '3, 1979 (See
enclosure 1) to ACRS members., The subject was failure of a feedwater flow
strafahtaner as San Onofre Unit 1 as reported in LER 77013, !RR staff
subsequently discussed this with ACRS as part of the 2eneral subject of
sefsmic or blowdown capability of small components within the reactor
coolant system, A specific NRR staff response to the ACRS on the San
Onofre LER 79«013 was to have heen handled by letter after the meeting,
but there is apparently no documentation of a response,

EVENTS ASSOCIATED WTTH INTERNAL APPURTEMANCES

A, San Onofre, !nit 1

Several avents involving feedwater flow straichteners have occurred,
the sequence and actions were:

LER 72000, Auqust 1972 « The flow straightener in loop "8" feedwater
Tine dislodged from {ts normal location and became lodged acainst the
downstream orifice plate, The straighteners in loops “B" and “A" sers
removed and replaced,
»L0R 70«013, November 1372 « The flow straightener in loop "C", feedwatar
line dislodced from {ts normal location and became Jlodged 3gainst the

*This was the LER that promp ad the ACRS questions,] THIS DOCUMENT CONTAINS }
- ~ ST e E A oo POOR QUALITY PAGES i

- - " - -

101150319



downstream orifica plate. A new stra‘shtener ¢as ordered and was to
he {nstalled at the next eold shutdown of sufficient duration, (See
enclosure 2)

LER 79-002, April 1979 - The flow straightener in loop "8" feedwater
14ne dislodged (2nd time) from '*s normal locations and became lodged
against the ddwnstream orffice plate. Straighteners in loops "8°"
(2nd time) and "C" were replaced.

LER-80-008, January 1980 - Seqments of the flow straightener in loop

"3" were dislodged (3rd time) and found against the downstream ori{fice
plate, The loop "B" flow straightener was replaced (3rd time) but the
rapl acemen® was tadbricated from stafnless steel rather than the original
carbon steel, The flow straighteners in loops “A" and "°" were scheduled
Fgr modification during the Aprdl 1980 refueling outage. (5¢® enclosure
3

8. Takahama 1 and lkata !

1+ was reported on May 26, 1980 (encleusure 4) that cracking of fow
straightening vanes on the inlet side of primary conlant pump piping
had been discovered on Takahama 1 (a PWR supplied by Westinghouse) and
[kata 1 (a PR supplied by Mitsubishi Heavy Industries), They plan to
remove the Tlow straighteners,

. Dresden 3

LER 77-021, June, 1977; LER 78-005, March 1978; LER 78037, Septemher
1978; and LER 72-032, Movember 1379 report leaks in the reactor feed
pump mini flow 1ine in the vicinity of a restricting orifice. The
arohlem had occurraed at Dresden 2 and 3 since 1972 which led to sections
of pipe hatng replaced 1n 1975 and these renlacemdnt pipes are those
that begam leaking 'n 1977 as reported by these four LERs,

D. DOresden 2, 1972

A main steamline flow restrictor failed on September 7, 1372 and became
lodged {n the inboard main steam {solation valve, Failure was caused
by vibration induced fatijue,

£, Turkay Point - 4, April 1929

LER 80-006 reports that auxiliary feedwater pump "A" failed to deliver
the required ¥Fow rate during performance of inservice testing., The
ca. was thought to be efthar control circuit calihration and/or a
flow restriction 1n the nump discharge valve,

F. Beaver Yalley,1} 1379

LZR 79-36 reports that the LHS! oump failed to develop required recircu-
lation flow. Pleces of a 11/2 incheplastic fire hose nozzle were discoveraed
fa *ha recirgulation check valve,
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G. Duane Arnold, 13979

LEP 79-005 reports that hoth emergency service wsater systems were
inoperable bdecause of plugged water strainers. Apparent cause is
fmproper design application,

4, fCrvstal River, February 1978

LER 78-017 reports that loose parts from the 3urnable Poison Rod
Assemhly damaged a steam generator above the tube sheet, Debris was
found in hoth the upper and lower head of the once through steam
fganarator,

I. St, Lucie, April 1978

Some incore instrument thimblas separated from the upper guide structure,

J. Three 4ile Isgland 1, March 1376, and Arkansas Nuclear One, Unit 1, March 1375

Surveillance Specimen holder tubes have damaged and missing parts as a
result of flow induced vihration,

K. Chooz Sena & Trin Yercellese, Mid 1976

Steam generator tube sheet was damaged by parts broken loose in the reactor
. prassure vessel,

L. Xewaunee 1, 1975

Puring startup, all auxiliary feedwater pumps exhibited reduced flow
resulting from resin beads plugging the strainer to each pump, Fine
mesh strainers were ramoved,

NISCUSSION AND RECOMMENDATIONS

The events cited in the previous section {1lustrate that several 41ifferent
tvpas of problems have occurred, Some general problem areas are damage and
41s1odgement of relatively large devices such as flow straighteners, vanres,
and restrictors; cracked piping as 1 reshlt of complex flow conditions at
flow orifices; some tipe of debris restricting Tlow through valves and
strainers; and obvjects breaking loegse to damage large equipment such as
steam generators. Also, some avants are essentfally repeat occurrences
such as the flow straightener problam at San Onofre #1 which has developed
twice since the inftial ACRS {nquiry about LER 78-013 and the Dresden #3
leaking mini flow pipes fn the vicinity of restricting orffices, It should
be notaed that these sxamples were gathered from different sources or search
techniques and 1llustrate the occurrence of degradation during normal oper-
ation that raises some safety questions about potential operation when
cubjected %o morwm!ly more severe loading under accident conditions, Since
reporting of these avents may be done under many categories such as instru-
rentatidn, Mow Hlockaqe, specific systems, or specific componerts, {1t
could be a difficult task to devaelop a comprehensive event 1ist of occurrances
of deqradation of internal appurtenances.
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It is recommended that approoriate program offices should give consideration
to the following:

Ts

2,

Re91ev the flow strafqghtener problems and proposed corrections for
the avents at San Onofre Unit 1,

Inftiate a review to identifys a) the use and location of internal
appurtenances, b) .the design methods, ¢) load definition for

such components, d) the effect of failure with respect to potential
for causing an accident or impeding mitication of an accideot, and
e) the occurrernse of sperational prublems to date, The review
should be relatively Lroad and include such devices as flow orie
fices, flow restrictors, flow straightening vanes, thermocouple
wells, flow scoops, «iffusers, and thermal sleeves,

Original Signed by
Earl J, Brown
€arl J, Brown

Office for Anaiysis 2nd Evaluation
of Operational Data

Eaclosures:
1. Letter dated June 13, 1979 to ACRS .
: discussing faedwater flow straijhtener,
2. Letter dated December 20, 1978 and LER 78013
: from San Onofre 41,
3. Letter dated February 13, 1980 and LER 20004
from San Onofre 41, :
4, Letter reporting strafghtener vane cracking on
Takahama 1 and kata 1,

cciw/enclosures:
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Knight, “RR
Rosnak, AR
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Rutherford, IE
McKinley, ACRS

Distribution:

Central File «
AEQOD Reading File
AEQD Chron, File
E. Brown, AEQD
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Jure 13, 1979

10: ACRS MLMBLERS

FROM: C. Michelson, ACRS Consultant [ )] i
SURJECT: Faflure of Feeawater Flow Straightner at San Onofre Nuclear
Station, Unit 1

LER 78-0%3 for the subject incident brings into focus a related concern
which needs to be addressed for all piping systems containing internal
appurtenances such as flow strafghtening devices. The concern is that
such devices might have to ha designed to withstand blowdown flow load-
ings in addition to normal loadinas,

Consideration should be given to the nossible consequences of an internal
appurtenance being dislodaed by the blowdown flaw. Of particular concern
would be the case of a straightening vane which might become lodged in a
valve whose closure 15 an essential mitigating step following an accicent
If such a consequential failure is unacceptahble, the supporting attach-
ment scheme for the appurtenance mus® be designed for the blowcown loade
ings including the deqradation effacts of cyelic fatiaqua. 1t should also
be recog’”zed that bBlowdown flow "i":"" be in either direction. This
could affect the severity of loading for nonsvmrmetrical arrangements

When considering the consenuential effects of an internal aspurtenance
failure, consideration shauld alse he aiven to possible steam generator
tube damage. Of particular concern would be a primary or secondary side
piping failure whose blowdown contequences might include the generation
of internal debris due to one or more consequential failures. This sould
1ead to muitiple steam generator tube fiflures including, perhaps, Soti
steam generators., The presnnt decina basis for PWR plants does not taka
into account the possibility of such o combined primary/secondary side
blowdown into containment or the possibility of a blowdown outside of
containment jf the debris should aleo prevent isolation valve closure.
There are a number of intarnal appurtonances which need to he examined
from this viewpoint. Tynizal exauples are flow orfices, flow elements,

thermocouple wells, straghtening vanas, flow scoops, flow tubes,
diffusers, and thermal sleaves. Tho plant Safety Analvsis Resort drai-
ings may not clearly identify such appurtenances for / )
be interesting to find out how this problem
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In my opinion, this LER is a qood example of the type of safety question
which might be uncovered by a proper examination of plant failures during
normal oneration. Equipment weaknesses revealed during the generally
less severe loading conditions of normal oneration could be impartart
indicators of how the equipment and systems might be expected to perform
under potentially more severe accident loading conditions during which
such consequential failures might not be acceptable.
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- tention: Mr. R, H. Lngelken, Director

eket o, Su~206
< Qaofre Unic |

2t L1irs

It accurdance with the repurting recuiiemants of section 6.9, . (21 of
vendix A to the San Onotre nit 1 pProvi~ional eerating lLicense, the foll. e
7 infoimation and atltached Licensec Lvoot Repurt are supriiltedd, 1913 ‘etter
:gcribes a reportable occurrence involving the feedwater system.

(n lovember 25, 1978, the indicated feedwater flow to "C* steam generator
nwreased agproximately scventy-five percent., Actual *C* steam generator
sedwater flow was determined to be less than the indicated value through

‘ination of steam generator level, steam flow and other plant parameters
5 a result of the inoperability of one of the three steam/feedwater flow
‘lsmatch channels, continuous operator surveillance was imitiated in accordance
/"th Technical Specification 3.5 Table 3,5.1. The feedwater control to "C"
eam generator was maintained on automatic and the level stabilized at the
aal value,

Radiographic examination of the “C" feedwater piping indicates that the
‘ow straightener upstream of the feedwater flow orifice plate dislodged
™% jt1 norma) location and moved downstream where it Jodged against the
“ifice plate, This resulted in an increase in feedwater flow indicaticn
e flow transmitter span was adjusted to return indicated and recordea
tlues of feedwater flow to "C" steam generator to their actual values. This
15 the effect of returning the steam feedwater mismatch channel to operative
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Decarber 20, 1978
Pege Two

By letter Cated ugt 29, 1978, we reported 2 similar occurrence

involving the flow straightensr in the “B* steam generator feedwater

Piping. As indicated in that leuter, the “8" flow straightener was removed
and replaced during the recently completed refusling outage. Additionally,
the “A" joop flow strajghtensr was removed and replaced. The "CY loop flow
straightensr was not repjaced since at that time only two replacement flow
straighteners were available from the manufacturer. The " “ 1eep was radio-
graphed, however, and the flow straightener appesred to be securely fastemed.

A replacement for the loop "C* flow straightener, aleng with a spare,
has beew ordeved from the manufacturer and will be installed at the mext
cold ghutdown of sufficient duratfon. At that time an improved fastening
method, such as the’ =i on loops “"A" and “8" will be employed g &
these modifications will preclude occurrences of this type,

There was no degradation of plant safety during this incident. Twe of
the three steam/feedwater flow mismatch channels remained fully operational
meeting the minimum requirements of Technical Specification Table

If you should require additional information concerning this occurrence,
please contact me,

Sinceroly,,
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ce* Dircstor, Office of Incpocticn end faforcemant 110
tireckn,  Office of Management information and Program Contro?
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Enclosure 2

Seuiliern Calivornia Lizen Company
PO 00xDyu

204 WALNUT GROY, a.TNLE
AONEMEA, (A fOHNIAGI?27Q

Feoruary 13, 1880

U. 8. Niclear Regulatory Cxmadssicn
egian v

Suite 202, Walmut Crrek Plaza

1950 Xorth Califarnia Boulevard

B leat Crosk, California 94536

Attenticn: Mr, R, H. Engelken, Director

Qockes tio. €0-208
San Onofra - tnit 1

Dgar Sir:

This letter constitutes a repertable occurrence involving the feedwater
cystem, Submittal {s in accordance with the reporting reguirements st pu-

lated in Section 6,9,2(b) of Appendix A to the Provisional Operating L cense
DPR-13,

On Jenuary 19, 1980 the indicated fesdwater flow to "B" steam generator
bwreased spproxisately fifteen percent. Actual "B* sieam generator feegd-
watar flow was detsrmined to be less than the {indicated value through ex-
sminalion of steam generator level, steaw flow and other plant parameters.
As a result of the inoperability of one of the three steam/fecdwater flow
sigmatch chanmels, continuous operator surveillance was initiated in accord-
ence with Techmica? Specificatiom 3.5, Table 3.5.1. The feedwater cantrol
to "D" steanm gemerztor was maintained on automatic and the leve] stabilized
st the movwal valve,

Radiographic examination of the "B" feedwater pioing indicated that the
flow straightener upstream of the feadwater fiow grifics plate was missing
segments of various tubes., The tube segments had apparently icdged against
the orifice plate causing the increase in feedwater flow indication, The
flow transmitter span wvas adjusted to return indicated and recorded values of
fesdwater flow to “B" steam generator to their actual values, This had the
effect of returning the steam/feedwater flow mismetch channel to aperative
status, Similar incidents involving the flow straighteners at San Onofre
were reported in LER'e 78-009, 79-013 and 79-002.

The "B* flow straightener was removed during the January 26, 1980 ,lant
outage, An examination of the damaged straightener indicated that the carbon
oteel tubing wap cxperiencing excessive erosion,

—— e e e g



Vi 8, Nuclear Regulatory Commizsion
Page 2

A new straightener fabricated from stainless steel tubing with a modi.
fied weld attachment schems was installed on the “8" lcop., The inproved
srogion resistance and structural strength of the stainless steel material
should prevent it from segmenting. The “A" and "C" feedwater flow straighteners
will be similarly modified during the April 1980 refueling cutage.

At the time of the {esdwater piping disassembly, no flow straightener
segments weve found near the arifice plate. However, segments were re-
moved from the flow control valve located downstream o the arifice and in

the bypass regulatar. The valves and piping ware theroughly inspected and
returned 12 wepvice,

There was no degradaticn of plant safety during this incident. Two of
the three steam/feecwater flow mismatch charmels remained fully operatianal
"eeting the munimum requirements of Technical Specification 3.5, Table 3.5.1.

If you should require additional information concering this occurrence
pleage contact me.
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Manager, Ruclear Generation

Attachment: icensee Event Rezport Ko, SO-O04

rector, Rucdear Raactor Regulation (20)

Qirector, Cffice of Management Information & Program Contzal (3)
Director, Nuclear Safety Analysis Center (1)
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 UIGLALSIFIED T
Department of State TELE GRAM

PAGE 01! TOKYQ 09526 921021072 24,
ACTION NRC-02

INFO 0OCT-01 EA-~|2 ADS~-00 OES5-09 DOE-1? INR=13 /08! W
SennsusssnsnnsnnneB?S 13 BLIG31%L /1w
R 3@Q0£30Z MAY BZ?

FM AMEMBASSY TOKYOQ
TO SECSTATE WASHDC 8852

UNCLAS TOKYO ©98528
PLEASE PASS TO NRC FOR J. LAFLEUR, 1P

E.C. 1208868: N/A
TAGS: TECH, ENRG, JA

SUBJECT: STA 'US OF PERIODIC EXAMINATIONS ON NUCLEAR
POWER PLANTS IN JAPAN

3 AGENCY OF NATURAL RESOURCES 4 ENERGY (ANRE), ON -
MAY 28, 1980, 1SSUED INTERIM ANNOCUNCEMENT OF THE 3TATUS
OF PERICDIC MAINTENANCE EXAMINAT’ANS ON KANSALD EFCO' §
TAKAMAMA-| (PWR B28 MWE) K& OmWI-| PwR 1,178 E), AND

SHIKOKYU EPCHD' S IKATA-| PwWR 588 MwE) wWWICH HMAVE BEEN

SHUTOOWN FCR INSPECTIONS. FOLLOWING ARF FINDINGS
OF ANRE:

- A, ON TAKAMAMA=L AND LKATA-|

SUPERSONIC INSPECTIONS ON STRAIGHTENING VANES, LOC2T o
NSIDE OF THE INLET SIDE OF PRIMARY COOLANT AUMP
PIPING, INDICATED POSSIBLE CRACKING, SURFACH
INSPECTIUONS ON THE VAINIES REVEALED THERE WERE SEVERAL
CRACKS OM THE VANES. ANRE BELIEVES HWMIGH CYCLE
RESONANCE VIBRATIONS DEVELORPED, B8Y WHIRLPOOL AT THE
TIPS OF THME VANES ARE THE CAUSE OF THWHESE FATIGUE
CRACKINGS ANRE INSTRUCTED KANSAL AND S=IWKIwU
OPERATORS TO REMOVE CRACKED VANES AS TESTS HMAVE
VERIFIED THE REACTONRS CAN GO BACr TO NORMAL ORPLARATION
WITHOUT VANES IN THE PIPING

- 8. JN OMI=|

VISUAL INSPECTIONS ON FUEL ASSEMELLIES
MERGED TELEVISICON CAMERA REVEALED 31
SPRINGS FOR RETAINING CONTENTSE 'SURNABL
NEUTRON SQURCES PLUGING DEVICES) VISUAL
ON CRACYED SURFACE OF SPRINGS MAVE INDIGATED
"STRIATION PATTERNS" WHMICH ARE CHARACTERISTIC
HMIGH CYCLE FATIGUE OF MATERIALS. ANRE INSTRUZSTED
KANSAI TO REPLACE ALL OAMAGED SFPAINGS wWITw NEw ONES,
ALTHOUGHM ANALYTICAL TESTS CONFIRMED THAT EVEN WITH
DAMAGED SPRINGS THERE WILL BE NO RISK OF L0OS5 OF
CONTENTS FROM FUEL ASSEMBLIES DURING MORMAL REACTOR
QPERATION
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2, PURTHER DETAILS WwILL BE CABLED TC NRC BY HAYAKAWA
OF NSB/STA. MANSF TELD
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