Washington Public Power Supply System
A JOINT OPERATING AGENCY

P O BOX122) ELMA, WASHINGTON 98541

May 21, 1981
G03-81-2011

Nuclear Regulatory Comnission, Region V
Suite 202, Walnut Creek Plaza

1990 N, California Boulevard

Walnut Creek, California 94596

Attention: Mr., B. H. Faulkenberry
Chief, Reactor Construction Projects Branch

Gentlemen:

Subject: PROJECT NOS. 3 AND 5
NRC INSPECTION OF WNP-3 AND WNP-5
DOCKET NUMBERS 50-508 AND 50-509
FINAL REPORT OF POTENTIAL 10CFR50.55(e)
HYDROGEN EMBRITTLEMENT OF 3/4 INCH
LOCKWAHSERS

References: 1) Supply System Record of Telecon, J. C. Lockhart
* fo D. Kirsch, dated April 28, 1981.

2) Supply System Record of Telecon, J. C. Lockhart
to D. Kirsch, dated May 12, 1981.

Ebasco Engineering has determined that the hydrogen embrittlement of
the 3/4 inch lockwashers is not renortable as a 10CFR50.55(e) as the
present design of the cable tray seismic supports preclude the use of
lockwashers.

These lockwashers were purchased by Fischbach and Moore from the Ray
Bristow Company, Inc., in Portland, Oregon. Please find attached a
copy of analysis on subject washers performed by Charlton, Inc., also
of Portland, Oregen, for your information.

Should you have any questions or desire further information, please
feel free to contact me directly.

Very truly yours,

/L\SS [lfeg)/af‘c(t i \gv'f;\

Attachments Program Director, WNP-3/5 \ﬁb
cc: D. Smithpeter - BPA S \\
Ebasco - New York \

WNP=-3 Fil - Richland
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2233 S.W CANYON RCAD
PORTLAND, DREGON 57201

Cruaron, e i
ENGINEZRING AND APPLIZD SCIENCES woiking wilh MATERIALS ENVIRONMENT [NOUSTRIAL PRODUCTS AND PROCESSES
-
™0: fay 3ristov Companmy, Inc. CLIZNT NO0.:
Attention: Ray Z. istow, Jr.
1640 N. W. lithz Avezue PEFIRENCE NO.: 4608132
Portland, OR 97208
DATE: 2-20-81
JZCT: DETERMINE CAUSEZ OF FRACTURE OF
3/4=INCH PLATED LOCK WASEERS
Memoraadum Repore from Ralph Hudson, P.E.

Project Director

You requested that MEI-Charlton, Inc. examine fragzments of electrozine
plated 3/Leinch helical lock wusizers for cause of craciking during imstallation.
You submitted washers which had been returned from service that fractured
durizg installation, and two types of washers which bad not yet bdeen in-
service. One was electrozinc plated and the other mechanically zinec plated.

As e result of our =etallograpiic examization of thess washers, we nave
arrived at the following conclusions. '
1. The lock washers which fractured in-service wvere embrittled and contained
severe intergragular and traasgragular cracis.
1.1 The embrittled cracks in these washers occurred pricr to the applica=-
tion of the electreczine plating om the surface.
1.2 Washers which had been electrozianc plated and not yet been installed

also shoved evidence of incipient embrittled cracks.

(&)

The probable cause of the cracking would be a Zydrogen embrittlexent

[ =4
.

that cecurred duriag the pickling stages of the eleciroziac platia
Process. No evidence of oxide scales or decarburized c=ones were

found withiz the cracks indicated.

Qrr/as51
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DETERMINE CAUSE OF FRACTURE COF
3/4-INCE PLATED LOCX WASEERS

Ray Bristow Company, Inc.

Reference No. 460812

ME -
’ 2220 S.W. CANYON HCAD
PORTLAND, OR §7201
c«msm wc,  500/228-9683

ENGINEERING AND APPLIED SCIENCES warning with MATERIALS ENVIRONMENT INQUSTRIAL PAQDUCTS ANO PROCESSES
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Ray 3Bristov Company, Iaec. i PAGE:

SUBJECT: FRACTURE QOF 3/4-INCE PLATED LOCK WASHERS

m 30-:

keod132

(Text contizued oa cex:t page.)
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T0: Ray 3ristow Company, Inc. . PAGE: 3
SUBJECT: FRACTURE OF 3/4-INCH PLATED LOCX WAS

3. The mechnnically coated zinc washers sooved 20 evidence of &nv_mbr‘,tt‘.ed

—

structure or incipient cracks.

L. Both the mechanically cocated and electirozinc coated washers conformed to

the specified requirements for bardness and decarburized zone depth.

AS a resulst of ocur examination, we would recommend' that all washers <hat
vere electrozinc plated be rejected. Incipient embrittlement could resuls in
failure of ‘those wasbers “which do not yet show evidence of ~failure by

- - - - -

N o -
cwz - . fee s imew iaeid w T v - ' e PlacSE%. e
- .

.. - - re s - L .- P

Details of this examiznation are described in the following photographs and

captions. : "

2. .-

Den thle}', POE-/’CA
Account Director

.

RE:ksb",
3 copies

|

2270 SW CANYON RCAD
4 | PORTLAND. OR 97201
|



05 .- .. Ray Brist Company, Inc. DTN R Sl P BB PAGE: 4.

SURJECT: FRACTURE OI" 3/L=INCE PLATED LOCK WASHERS + == .. %o =cue . i b
PB.HG.Z h608132 ,:-. i P g
1“‘_.“.&5'_!_1_(_629_‘*_)_ .t s s i REELES L  J NBERAE | e e S A% . :

- -

Teis photograpn shows one of the ‘:fﬁzul exu:p‘les of the fracture
fragment. Meny -of these fractured lock wvashers had mre <lan one fracture’
place as is evident by this fragnent which has both ends fractured. Ixamila-
tion of toe fracture surface showed tiat portions were darxened, as indicatecd

by toe = ot arrow, wvhereas toe -em.ndcr cf the fracture wvas a brigat erystal

line struciure. ;'!’:xgsc .a.:!ggned_ areas were established as portions of the
embrittled structure in which the ‘.hci;ient cracks occurred. An ex‘ens.on c_t.
she crack, vhich caused the tragsverse fracture across tle sectlon of .he lock
vasher, is showvm as a erack mr.:u.:.g ;an...e- %0 ihe."mngi:ddina:. axis of the
vasher as indicated by the left arrowv. SRS

T™c zetallograpaic specinzens were removed from this fragment for & mcro-

scopic examination. They are stown i tle pext figure.
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: Ray 3ristev Compazy
SUBJECT: TFRACTURE OF 3/L-DINC

S
q
3

PLATED LOCX WASHZIRS

Pigure 2 (£6609) _-14X - Btchant:

:. This photomacrograph shows the two zetallographic specimens removed rom

tle fractured fragment shown in Figure 1. : O P e el

© The specizen at the top ‘of tils-photograph vas saken jarallel %o the lang-
itudizal” axis of the washer ' iancluding %he fracture surface, which is orisnted
in this photeograph jowvards the +~eft.  The cracks,, indicated oy the arrow in
Flgure 1, are evident on the TP surface of this specimen: -_ . - -~ _ RIS
" The specizen at the bottom was' taken trdasversely” through the vasher. | The
specizen is criented so that the inside circumferential’ surface is towards the-
tcp. The compression surfaces of the vasher are t© the right and left, and <he
cutside circuxmferential surface is at the béttém.
in Figure 1, is on the left side of this specimen (arrow).

The crack shown by <he arrow
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™: - .‘-!w 3ristov Corpany, Lac. . . £ . .. PAGE: &
SUBJECT: TURE OF 3/L-INCE PLATED LOCK WASHERS -~ .. B
REF.NC.: sooa.sz e T s
Pigure 3 _(66800)_ _:100X: ‘I Evchams: IS ric_Bydrochloric Aeid . o'z/~ ¥1.

1. This photomicrograph sbovs she merostructure along tae Iracture surface
sf tne washer. This portiom of .le srgoture was dark iz solor. The embrittl
sTructure was 2 “ou.zd o be intergracular io its progr ession ud *o*:zc‘.ded vith &
high degree o._ secondn..-y ‘.:te:-gn.:m...s. c'-a.cks ad.,acent %o :he :'ra: ure sz..-"a.ce\

< The Zracture characteristic vof. the: ‘origmr c.;s‘a...l.ne guTucturs vas

primarily & sransgrasular cleavage type of eracking as a result of .overload o
the remaizing sectiod. The fr cture c;.ur:ed"becluae of the presence of tle

incipient embrittled sIructure. i kg
- e s ’ - - - iy - - ' - - -
7 -~ ) ‘.
W o by - o It s aes - @ ¢ -
'
Tigure b_($6602)  _ 300X _ _ Zvchart:_ Pigcric Eydrochloric Acid

Teis photomicrograph ‘ehows more detail of the microstruciure iz 4he
fractured wasier. ™e fracture plane alomg 2 darxened area of the fractu
vas primarily intergragular as vas +ne secondary cracking adjacent W thly
fraceurs surface. Close examination of thése crecks indicated nc evidences of
siznifisant oxidaticn or jecarmurization, as would bhave been present OB the
last neat treatllg Process applied o tle washers as they were manufactured,

igtics of these cracks vere nighly indicative of a nydroges UPe
emarittlenent cdue o ke pickling process woicla would have ocsurred at the tine

+ne washers were plated.

™is is shown in zore detall i t+he next figure.

S
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o F Ray Bristov Company, Inc. ‘ ' PAGE: 11
SUBJECT: FRACTURE OF 3/L~INCH PLATED LOCX WASHERS
m- go- H h608132

- - u b . « . .
- - - o - .- = e - . N - e e

Pigure 5 (86395)  _ 500X_ _ Unetched | . 14

' This photomicrograph shows the surface of the electrozine plated washer
from the transverse specimen shown in Tigure 2. Cracks which extended <o the
surface shoved evidence of zinc plating extending down within +he erack indi-

ing the crack was present pricr <o application of the electrodepcsitad zinec.
This confirms the most likely cause for cracking iz the pickling or acid wash
stages cf the electrozinc plating process. Jo intermediate btaking or process-
ing. of the wvashers u&_ reported to us for the electrozinc plating procedure.

et ® - - - B ety - s 2o o e - - . -
hewm - . TM e s e . - o ! by . - - - L R A - . ‘. - . -
822y ST il T2 a2 le eadlade ‘e feila’ b ®
-, .-
- - . -
- - - 9 Rl : - .«-0 % .- ~- - -
-.“ - -; - - - -
§ ol ey 2 - L S -
%3 3 i sdBMGES  TadPLRIY ¢ GBS ¥ B A% T bl
TEiTeLl. Sl Ak s AEaN | % bk e S, e "
Plgure 6 (66606) 500X Ztebant:  Pigric Bydrochloric Acid
—----‘------_----—-—- — W S . ——
——— . - . ‘\ ‘-* - - . - - - . . - re-

»35is phof.anicrompn shows zore detall of ide microstructure awvay Irom the
tmtu:e_‘ surface. . The, strusture -shows.a high degree of intergranular embrite
tlement as vell-as traosgrasular bragching. The severity of this embrittlement
indicates the potential danger for delayed crackisg vhich my occur in wvashers
vhich had 2ot yet failed. VAN nd an ) ke des

-:..Metallograpoic examination and hardness tests indicated that porticms of
the vaspers which were not e:bri:tle; were within the bardness range specilied
for the Amsrican Natiopal Standards Institute, Speciftcation 3 27.l. Zardness
vas spec‘..‘ied betwveen the range o:‘ hS to 33 °n the Rockwell C Scale. The

TawB 8 B el i wer Slaa™ J 4 - S - F185
hudncsses of she rac x.--d a.nd zew nshe-s ve-e :gusu’ed at h6 to h9 =ZRC.

! "'hese 'ﬂ.zhe‘s u.:o m’ .ae :eq""'e:ae...a for an aec t.a.b-e deca.. sur ..ed zone and

- ran

ve-g visthin the ..z.."s cf the u.x.::n..:'. de a -r ‘*-ee :'err‘.ze a.s spec;.".ed by she
S o -T.' cms I e " Tae W b - 9 ‘e ‘ 5
US... spe irization. )
p 227 SW. SANYON ROAD o
. PORTLAND. OR §7201
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m™: Zay Bristow Cospazy, Iac. PAGE: 12
SUBJECT: TFRACTURE OF 3/k-INCE PLATID LOCK '—'.532?5

REF.NO.: k608132 _ e e T e
Figure T_(86810)_ _ TX_ _ Eeesact:  Rigric Eydseemioris Acid

This photomacrogreph shows Two metallographic s'pec‘.mns rezoved from & newv:
vasher.  Approxizately 50 zev .'uhgrs vere subs for examization for
e:b;".:‘..’.mnt.. _ These washers vere inspected oy msnetic particle inspeciion,
using & wet Muorescent xethod specified by ‘the Axgexj-ca.n “Soc-erf.‘,‘c_r .eg;j.‘.:;g

and Materials, Specifi ation 2 138, The mgnetic perticle inspection szowed 20,

- -
.. IR - - - - ” - - e .cs -

evidence of surface indications. 0 . " e -

- .. A washer selected at random was sectioned and prepared for metallographic
examination as shown by the TWo specimens in this photograph.: - Metallographic-
examination of the specinens revealed evidence of embrittled eracking et the
surface woicz was fiper than tle detectable limits of the magmetic particle

inspection (arrovw).

mhis is shown in zore detail o she next figure.

Pigzure B (866593)  _ 30CX_ _ .E.:r.'gh_a_._n::_ Picric_Eydrochloris Acic

A - - =

This photomizrograpld shows the emprittled structure found in a new washer.
Tmbrittled cracks extended W the sx..rtl:.e and showed evidence cf seccnr.u."y
brasching beseath the sﬁrfa.b*e':"""""e ‘erack shovn iz this pho.og‘rh’:;d‘ avotal-
depth of- C.Cl0 of an inch. - Cracks -of -this size were oot detected by magnetic
particle inspecticn: -~ Evidence” of +his cracking on new wvashers indicates that-
the entire lot of” pew- wasbers should -be- rejected, =us delayed “cracking
potentially cam ocsur even though washers whick vere  installed hed not shown
avidence of IracIure. ‘.

The picric Xydrochloric etarant used for preparatlion of this- metallo-

- -

grapoic specizen attacked %the zinc coating oo +he surface. Toe electrozine’

plated layer is not visivle iz this micrograph. ) TR -

Ia adé’tion %o the specimens of the electrezinc plated -'ashe.s. e s’pec.nen

af 4he meczanicalll ~lated washer was &also metallos repbically _xa.....med. No
&~

evidence of incipienmt cracks or embrittled structure vere focund on the “BschAne

ically plated wasier. We do not ¥mow at this tige whetler tne mechanicallY

p‘utec‘. vasher was 7rom the same lot or Deat as +ne washers criginally SuyD 1 lied

and <hen later electirozinc plated.

R N T R IR Y
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