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March 15, 1977

NOTE TO: K. Goller

G. Lear

R. Reid

A. Schwencer . s
D. Ziemann

RE: PRAIRIE ISLAND HEARING

The Appeal Board in the Prairie Island proceeding has requested the
Staff provide information relating to characteristics and operating
history of all domestic PWR's. In reviewing this request with the
staff consuTtants, 1t appears that the .project managers for the
individual facilities are probably the best source of this infor-
mation. It is a massive job if one individual has to do it, however,
if the project manager for the individual projects takes
some time out of his regular duties to address this matter, I think
that they will find that we already have the answer to most of the
questions and can readily obtain answers to those we do not have on.
hand.

‘The answers should be provided to Marshal Grotenhuis by Monday,
Jarch 22.  The individual projeftT managers should naintain notes
of the sources of the information used to respond to each of the
questions for the individual facilities.

The questions are attached.
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. In order for us to develop an understanding of -
the possible relationcship between the'denting phenomenon
and the Prairie Island steam generators, all available
operational experience relevant to this matter should be
considered. To this end, the staff is directed to provide
. 2/

information which may be of significance for this review—=

- for each PWR in the U.S. and (where the ’nformation is

available) for foreign PWR's. At least the following items

should be included.

a. Significant operational history, e.g., date of
initial operation, periods of major down time,

etc.;

b. Materials of construction used for major ..condary

system components, e.g., steam generator (SG)

‘% "¥evoritubes, ~SG tube ‘shéet, SG tube ‘support plates: (TSP),.. :"

condenser tubes, etc.;
- - ‘
c. Operational history of secondary water treatment,
e.q., périods of use of phosphaies, AVT, condensate

‘demineralization, etc.;

d. Condenser cocling water -- typical chemical com-

position;
e. History of significant condenser tube leakage;

£f. "Denting" history (date discovefed, how discovered,

leakage associated with denting);

g. SG tube plugging history (dates and number of

tubes) ;

h. Restrictions imposed on plant operation due to

T e —t
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NE! ARTMENTAL CO_?ZRESPONDENCE
November 7, 1879

Subject: Meetinp Betwecdn Wisconsin Electric Power
Canpany, %estinghousce Clectric Corporation,
and Nuclear Regulatory Cammission Staff on
the Steam Generator Problems at Unit 1 of the
Point Beach Nuclcecar Generuting Plant --

November S, 1978

By: L. L. Smith

Oz November 5, 1878 1 attended =2 mecting at the
Nuclieir RegulauloTy romzission's Bethesda's offices between
representatives of Filsconsin Electric Power Company, Westinghousc
Electric Corporation, and the KRC staff om the problem of steum
generator tube degradution at Unit 1 of the Point Beach plant.

A cop7 of the 1list of attendecs 1s attached. 1In summary, the
pee+iag consisted of the following presentatioas:

1. Wisconsin Flectric Power Company reportec on the
geoeral results of the steam generator tube inspections done
duricz the current refucling outugc and an updatc on the'number.
of additional tubes requiring plugging and the accumulated total

plagged tubes in each of the two Stesm gencrators.

[s)
v

2. Westinghouse deseribed the results of detsiled

ohysizel exuminations, metutlurgicsl tests performed on threc
tube gections renmoved Irom sLenm generator "A" for the purpose of
detailed arnalysis.

2, ¥estinghouse reported on the general resulis of

{re zssesszent 0f continucd steam gencrator integrity irn their

rrement randitian and prescnted results of verification analysis
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th2: the various safety critcria'involvinz steam generator tube
integrity arc still met.
4. ¥isconsin Electric Power described a number of

opticas uasder consideration for potential modifications to

future operations to address this problem on a centinuing basis,

gon:lusioas

1. Based primsrily oa the results of testinp and
resaclysis done by Westiznghousc, {t was concluded that the
varicus stesm generator parameiers associated with tube integrity

ard performsnce still mcctl safety criteris and remain within

limitirg conditions for safc operation.

2. Based primarily on the review by Yestinghousse
acd Tisconsia Klecetrie of existing oversll accident anslyses, it
wee ce-cluded that the safety analyses remain velid anc are
setigfied with the Unit 1 steam generators in their presec:
ceciitica, 1.e., with approximately 10% of the tubes plugged.
Iz other words, tbe erigimul safety analyses done to satisly KRC

licezsing regquircncatls included an assumption of up to 10% cf the

stCaz

~ renerztor tubes plunged and since no more thaz 10% will be

plusres on completion of the current repairs, the existiing ,

arelses remain satisfiec,
3, Although there are 2 number of operuational c¢ptlions

scnsideration to astempt to further arrest or miligitle

LA

orti=.cd tube degracdation due to corrosion, it was agseel that

------- ~

¢ currest plugging and other mainlenance, Unit 1
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can be mrafely started and operated at full power. The uzit
{s presently schecduled to return tO service on November 17
(previous schoudule mentionud was November 10). No NRC

aclion

or approval is required.

4. It was my perception of the NRC staff's position

that it is satisfied with tbe continued safe operatiocna of Unit U
NRC stafl utl the meeting, however, exgressed
ng-term oullook if the tubce degradstion

There are alrezdy NRC rcecyuirement

inspections required bascd on sample
rrent Point
T Tlhey
of Point Beach operaticg experieace
both from the specific mtandpolial cf rife
Beach as wel) as thu more generic stoan

yloms in this and other similar plan

-
a8 s.

The following sre '"mi
recollectlions of
follow Lhe

she mueeting

expert on

neeting

-
.
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2n¢ answer exchanges. Therc wore no formul or wrillcen presentations
ard I am not aware whether the NRC will prepare or distribute

minutes of the meeting.

¥isconsin Electr{c Presentation on Current Stutus

Wr, f;y of the utility reporied on the recentl steum
generator tube bistory Iran LbC Aupust outare causcd by a
lezking tube which resgltcd in 100% inspection and plugping
of 87 additionel tubes. 1la preparation for the full refueling
outage, utility stuff mot with ¥estinghousc in Scptember Lo
pien strategy {or tubc inspections during the refucling outage
sabecduled for early October, At that time it was decided to
d> moro than the required amount of ingpection using the newly-
devecloped multi-frequency eddy current technique. It was also.
decicded at that time to remnve sections from a few tubes in oréer
to obtzin specimens for further detziled physical exsminstions
¢ ceotellurgicul testiag.

¥r. Frieling of the utility covered rome o? the earlier
histery of plant operations including the switch from phosphate
to 81) volatile secondary waler trestment at Urit 1 in September
¢! 1074. The status of plugged tubes prior to the recent,
refuelins outage from photo-verified counts was 251 Tubes

ced ip ezch 0?2 the two Jni¢ 1 stezm generztors. For the

n

- -

s

Creober refucling outage, the utility originally scheduled 75
tutoe for inspection by the multi-frcquency ¢ddy currcat method,
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Thess were located in the area of the hot lug side where most
of the problems have occurred previously. Out of the 75, 18
bad tubes wore found; that is, the eddy currcnt tests indicated
defests greater than the 40% threshold where plugging would be
required, Rased or this fallure rate (13 out of 75) iL was
decifed to increasc the sumple inspected to 200 tubes, ulmo
¢orcentrating in the regiovu with Lhe bistory of wersl corrosion.
Cut cf these 200 tubes, a total of 75 showed indicatious of
defosls lo excess of the 40% threshold., As & result of Lhis
fatlvre rate (75 6ut o? 200) the inspcction was increascd to

120%, or all tubes were inspected. The resulis for StcCin generestor
A" remsined ut 75 bad tubes which would be plugged. A similar
presedare Qas toliowed with steam gencrator "B' und resulted in

€5 ss2<tional tubes to be plugged. On completivn of plugging

cperztions, the accumulated totals will be 326 tubes plugged

(¢xacily 10%2) in steam penerator "A" and 316 tubes plugged in

Etea: geucrator "B".
The 75 additionsl tubes plugred in steam generator "A"

as ird<cated above is reully & combination of 73 defective tubes

az¢ w2 good tubes Zrom which sectionsg were removed for further

~zlrsis, Sections of three tubes were physically removed for

n

t.=sra= dezailed examinntion and testing., Sample sections were

teker from one bad tube (89% imdicated defect but not leaking) -

)

e problem region, from one good tube (DO cddy curreant

LA
iy

(=

s¢icution) from the problem rerrion, and from one good tubc

B
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(to eddy current indication) from the good region around the

periphery of the tube shect.
Examination o7 all of the three rcmoved tubes showed

irtersranular stress corrosion attuck in the crevice region
within the tube sheet (see attached figure). The major portien

of tke tubes above Lhe tube shect were reportced to be in

generally good conditioa. The type ol corrosion is not unique

or unexpected and 15 believed TO Dbe caustic assisled corrosica
associsted with the use of phosphate sccondsry watler treatment
ard the build-up of sludéne and corrosion products in this small
crevice arce between the tube and the tube sheet ~n the secondary
side., Photomicrographs ¢f the tube wall cross-section in this
aresz show genersl corrosion detericration in the outer surface
witk skarper circumferential stress corrosion cracks peretralicg

decpor through the wall cross-gsection. The nost severe

defcel founZ in thoe section of bad tube which indicated an 8¢%
defec. on eddy current test showed a geoneral intergrucular €or-
cracking spproximately 20 mils (.020 inches) dcer and the
stress crack pepetration of approximately anothuer 20 mils.
The total through wall penctiration cf the crack, therefere; sas
4C £ils or upproximately 80% through the tube wall whic: has ;:
origizsl thicknesz of 50 mils. These gpcecilic measurcacnis =St

B¢ gualitied sumewhzt in that Lhis tube broke during the pulling

crerziins vequired to remove It for testing. Alsc, ccnsideridle
g-sunt of pulling stress in tcenslon was placed oo the tube during
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removal and may have increased the crack depth from its

actuzl undisturbed condition.
The second tube sanple was from & tube which was

indicsted to be good (ne eddy current indication) but located
in the problem area. Agsino, examination showed generzalized

corrosion attack of the outside tube surface in tho tubce sheoet

crevice region. A photomicrograph ol Lhe tube wall cross-section

showed general corrosive deterioration approximately 5 mils deep

with the deepest of the stress corrosiou cracks pentrating

approximetely an additional 20 mils decp for a total of 25 mils
or 50% of tho original tube wall Lbhickness.

Sectiors of the taird tube removed were - from a good
tube (no c¢ddy current indicetion) frum the peripheral Tegion
wbere no problems have been expericnced. FExamination also showed
the sawme genecralized corresion attack of the ocutside surface
throushout the tube shect crevice region. The generalized corrosion
deterioration was approximately 5 mils deep with the dcepest
stress corack extending approximately mnolher 15 mils'deep for a
total through-wall penetration ol 20 mils, or 40%.

Although the gencral corrosion exhibited by the last
two gocs tubuvs was ool unexpected, there war concern geboul, the
measured depth of erack pesctration on these two tubes compzured
to the Zact that tbe eddy currcaot test indicated no recognizzble
defec-s. The examisation results, however, as mentionec above .

are guzslifsiod by the 4act that the severe tube cracks muy huve boen
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worseoed by Lhe pulling stress (belween aluui 10,000 wud £3,860
porncs) which was reguired to remove the sample Scelioas from
the {ube shecvt. It was indicated, for example, in one case
wviaere the scetion cexhibited 10-13% cloangation aR a result of
tersile stress from the pulling operatioa. '

Westinghouse péople described the nopdestructive testiug
techriques uscd for tube inspeétion which for mteam gencrator
t:bes is confincd primarily to cddg current techniques using a
prebe into the interior of the tube fron Lhce bottor side of the
tube sheel which is accessible through the lower pleaoum of the

sieax geacrutor. A now nulli-{requency eddy currcent techaique

e

has tocn developed which offers several advantagcs over the
previousiy=usoud singlce-frequency amethod. Basically the néw
techroique results in more defini{tive information &nd a2 potential
Zor nore positive identification ©of defccels due to the collection
©f data ot four different frequencies and lhe flexibhility of
comparias duts 2t one cor more of the frequencics io order to get
better discrimination and cancel out noise or interfcercacve effects.
Dur%n; the August iaspectiorn at Puionl Beach, both methods were

usec 0 gain

a

xpericnce and make compsrisons betwecn Lbe two
sltko.zn not all tubes were inspocied by both techuiques. During
tte 120% iaspection in October, the multi-frequency techuique was

useZ. Zecause of the better cdetection results offered by the

currcent method, the question was ralsced

new millti-Zrequency ecdy

(O

L€ to wkot extent of the bad tubes found during the Octobder
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{aspoction were actuszlly tubes Qith previously undetected defects
which could now be identified by the bciter method as opposed to
the identification of nmew or incrcasing defects caused by
continued or accelersted corrosicn since the last inspection.
here is no real way Lo qu;ntify this, however, Vestinghousvo
estimazted that of the origina) sample tested of 73 tubcs where
both inspection mcthods had been used, that about 2/3 ol 1be
tubes found to bu bad (40% defect or groater) were identiflicd
bocouse of better detection methods and 1,/3 werc thue Tresult of
cocttrucd or accelerated corrosion siace previous inspe%:ions.
Also as mentioned shove in the description of the tubes removed
for detajled testing, ’ is still some concern about
incpection sensitivity cven with he newer method since
of the tubes which bad shown no edcy current
girnificant crack defects on detailed examination.
Westinghouse descri ) - testing doote oo
the tube material removed and
vz these tests indigcated that

strength remainced adequate, both for normal

pssured accidents. Since in the Point Be:ch
%

deteriorastion is confined to the Lube
analysis concentrated ca this ured,

vever, data was also glven for defects outside the tube tgheet

ares. The fact




(

DEPARTMENTAL CORRESPONDENCE  -10-

" PUBLIC SERVICE COMMISSION OF WISCONSIN

FRE WO

g;fety performance as a result of tube failurc or rupture since
the leakage and sny movement of the tube is constralned because

it is rather tightly bound due to the accumulutlon of corrosion
products and sludge in this crevice region. It was indicated

that the limiting condilios for fuilure inside the tubc shect

was A minimuwn thickness o.f 5 mils or 10% (90% penetration of a
circumferentlial crack) for tbe wmost severe conditicn, For tube
rupture at normal operation or several other conditions it was
indicated that all that was reguired is enough ductility in the
remzining tube material to allow the tube to expand to.contact to
tube sheet. The results of tests on removed samples indicated that
adequate ductility of the remuining materiul eof t:'e corroded tubes
is msintained to meet the Jimiting condition. Io the cxs; of

& full circumferential crack within the tube shecet, it was
{rdicated thut the resultent leakage will either Le cvanstirzined if
the faflure is deep enough toward the bottam of the tube shect or
®ill blow out 17 it is near enouph the Lop of the tube rheet such
thut the resultzct leaksze would be easily detectable. Tkis has
glsc gencerally been the puttern of tube leakape dctection during
operations ut Point Beach where relatively small minor leakage was
dotccted and monitored and if increasing at a signiflicant rate or
to & significsnt level a2ction can be taken to shul dows fer repairs,
¥estinphousce detniled arzlysis and testing also indicated Lhat

the leak ratce will progress te a level requiring plant shut-down
pricy to0 the cruck or rupture reaching a'critical length or size

which would lcad to a cozplete brezk failure. This was indicuted
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to be true cven for dcfecls or ruptures sbove the tube

sheet.

Therc was 3 brief review and discussion concerning

steam generator problems at other Westinghousce plunts, particularly

those with similar stesm fencrator designs. Nearly all of the

operating plants have some history of operstions with the phosphatce

socondary waleT treatment although Polnt Beach uscd bhosphate for

some of the Tongest times because o7 the 2gC of Unit 1. Even

though there has been 2 number of stean gencrater tube probdblcems

at various reactiors, point Besch Unit 1 is experiencing the most

Revere corrosion problem ip the tube shect crevice regien.

Dif{ferences io the tube corrosion probluem evidenced at thu various

plants wnre not fully explained or dirvectdy comparable. This is

duc in part Lo emall veriations in design and operations,

differcpt slZeS of units, differcnt weter chemistry and other

perhape subtle but iLmpoOTrtadt differunces or combinations ef

factore which are not known or not clearly identified, The

two existing plants werc stewn gencrator replacemenlS 2aTe being

mode or proppsed (Surry and Turkey Point) are different in thal the

serious tube degradation has bLeen caused by corrosion build-up and

platc reglon rather Luan

’

tube deating up in the tube support

problens with tube cheel crevice corrosion such as Poinl Resach,

Problems with condensor tube integrity are 2150 involved in

those two locations §ince they usc sea water for condensor cooling

nerusion of chlcorides into the sccondary systcm agccelcrates

-

ancd

to deseribe the design and

corrosicn. Westinghousce was asked
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structural modifications takén on newer steam cenerstors to
eclimipate OT mitigate Lhesc problems. They believe that the
nover designs havo adequately gyddressed most of these problems,
bovever, therc js very little Opcriting history with stewn
generators of the latest design. '

Mr. Frieling of visconsin Electric described Lhe
porzial and additional actiols which will be taken prior Lo
stert-vp ol the unit. Beslides Lhe normsl primary und secondary
hydrostatic testing, they will perform a pewly-developed and oovel
procedurc in an sttempt to flush ovs some of the aludg; und
corrosion proguct depOosils sromm the tubce shect crevice. This
i a modification of o eimilar attempt done initi;lly st &
Jepanesce plant. 1¢ was reported Lthat the Japanesc technique was
successful in removel of soov of these solids but the oversll :
e?fcet cf whether corrosion will be significantly reduced 1S
usknown until adéditieacl operating cxpericnce {s accumuluted.
Very briefly, the methed invOlves £11)ing the secondary side
with approximately 2 feet of waler above the tube sheet, heallng
¢t up with primary puinp and decay peat power 10 apprnximatcly 2500
under pressure and then gquickly depressurizinof +he secondary side
to initiatc boiling ¢{n hopes Lhat the beiling 3in Lthe crcv;cc ares
will 147t out some ol -he deposited seolids. This operation Will

take seyeral days and it is onc ol +he recasons for the Jater

gtart-up target datc.
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Operating Options
Wisconsin Llcctric described several options under

consideration in the basic effort to arrest corrosion or
reduce the rate of corrosion and therefore extend tube life and
reduce the failure rate.

The first opticn.would be to opuratc at a primary
pressurc of 2,000 pounds. This is 2 reduction from normal
primary pressurc of 2,250 pounds. Therc is no reduction in pover
output, tempersture, OT efficicnecy of the unit. The primary
benefit is a reduction iz the mechapsical stress that the tubes
are subjecl to because ol the pressurc diftference belwecen the
primary and secondary sidé A Lhe steam generator., Normal
seccndury side pressure is E30 pounds; thereforc, the diff;:enLiul
prossurc under normal conditions at full loud is 1,400 pounds. ;
Wilh reduced primary pressurc, the pressure diffcrential would
be reduccd to 1,150 pouncs.

The second option is to recduce the primary conlant
temperature on the hot ler side of Lhe steam generator. The
bonefit here is that testing und analysis to dante indicaste Lthau!l
the corrosinn and cerrosion rale is tenperature-édcpendent. This
{s also evidencued by the fact that the severc corrosion is ;:ly
on the hot leg side whick operaties at epproximately 600° F. ané
there is very little corrosion on the cold lueg side whick cperztes
at about 5400 F. The mpecific traﬁsition temperature er ce:perulure

ranze between high and low corrosion ratcs is not known but the

propesal would be to rediuce power ouiput of the unit to
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approximately 70% of sull load. At this level the hot leg
tenperature would be reduccd from 600° F. to approximately
550° ¥, It is hoped thsat this would reduce corrosjon rates te
a2 level that would significantly extend the lifev of the tubes.
The sscrifice would be at = reduction {n capacity (30%) of
about 150 megawalls.

The third ocption &lsoO invelves reducing tempcerature
of the primery coolsant in the hot leg and also inveolves 2
reduction in unjit oulpul. Unlike thc method used for }cmperaturc
reduction in Option 2, this approuch invelves keeping all of the
e: p?essure send temperaturs p;rnmeters as is und simply backing
down power output which =lso results in a2 reduction in the
temperature differcnce inciuding = reduction of the hot side
temperaturc. The ¢ifect {s not us grest rs Option 2, however,
{n that a reductiocn to about 70% pewer would not reduce the
Boct side temperature Lo 550° F. as in Option 2 bul O samecthing
ri{gher than that.

There was a bric! discussion of Lhe ultimatc options
up.to end ipcluding the worst case o? = total replaccment of tho
entire stcan gencralors. The compeay indicated that Lhey wern

esently putting tonethers tho ecouomic studics on thesc options

pr
{n connection with preparellich for the upcoming PSC investigstiol
”~ ind besriufg. The significant time period indicated (approximately
i 2 yecrs) toO sgbricate £ iCcplaccment steoam geherator siFnificuntly

mpacts the timing c? decision-makinn and the resultant ezenonl

cr power supply impacts should repiuccement .be reguired.



Wisconsin EIeCErIC sower comrany

231 W. MICHIGAN, P.0. BOX 2046. MILWAUKEE, Wi 53201

November 16, 1979

L —

Mr. J. G. Keppler, Regional Director

Office of Inspection and Enforcement, -
Region III

U. S. NUCLEAR REGULATORY COMMISSION

799 Roosevelt Road

Glen Ellyn, Illinois 60137

Dear Mr. Keppler:
DOCKET NO. 350-266

IO 2L 03
POINT BEACE NUCLEAR PLANT UNIT 1
LICENSZE EVENT REPORT NO. 76-017/01T=0

Znclosed is Licensee Event Report NO. 79-017/017=0
(a l4-day followup report) with an attachment which provides a
description of an event reportable in accordance with Technical
Specification 15.6.9.2.A.3, "Abnormal decracation édiscovered in
fuel cladding, reactor coolant pressure boundary, ©Or primary
containment.". .

We will provide you with an adédi<ional summary report
including the results of ocur investications, of the tube samples
which were removeé for metallurgical anal/sis upon completion cZ
our review of this data. This matter will be +he subject of a meeting

with representatives of the Dffice of Nuclear Reactor Regulation in
sethesda, Marvlané, on November 20, 1979.

Very truly yours,

Sl

Exeéutive Vice President

Sol Burstein

Taclosure




