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~ pMl{lll'Iily W I~e .end >oflm.e ~Ia.d:diili!l
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c, C~!'aCte~1z~lon~frmdimg 01" OU1~ O.:lJlQ5i~!>=
• ~~~"bI1: ~1I OOI.Ql',VQ,l\lrn~ ~~Lwi. gsm.i~.t~~l)' ofadber\i!li-Sto ;;,uJf~~wliietlm

i~ili!l!iIlS:'08 wl)es,o.rsltell.
~ UiSe i~lIi~1 pmoms f<)r 'OOlJllJarjf>QlllO 5-~ if r"Guli~g I!I.~S,been adTe<:ed, 'by ,~tll'll~plI.eric

,~d ~~Iil~r E:XPOSU1"e iiIlltl~ IiI!5t few wGe:ks.
~ RcpOO ,amy 8JI~ II~I" Iit;KlWO 8'l!rtaoc.e wbnc '~bc fOIilllHIIg ~erns,~(ll.le ~1n()"~Gd, di~e to·

1~.eIiO\\I'~pingll>oml~.ehcL1llt'e1 {oohe;1p define ~Iliitial.1M'!;; jl0inQ.

d, Clt:atiJ.ele.rlzatLol1J,o:Hl(iS1<JnnOOl- raui.M~pi'C- Of :P'0~~~EY.pliosooj]:
~ Look fur rube diSlOfliM sudl as I'lll~nrug o!il.t ofruibes~ee>t ,Of b.reak~~g iich!i:nd. rube.sheet

'[It M~ Qf' hoNililgoomlliet willi :!1be~L
~ Look fuf "~ndle distClft~i:t iffliOOli ~ be un .~1'fMt of Ille ~rO~iOrn,.lilldl iil!il.}' i'rndiM~

ID.e i:fima~ ~eiiik.peijllt

e, TtEiin,g Illiifi<il WkPgj~t by S~rlr:QW\dn~1!l][filpu~Plitienl: Qr D.arnll.se:
• rnswcct ,itdjiu.~mt eq,uiprnemi: in I~.e diil'mti:Orl of theruJilru~ amm.cra¢k5n,g, arnel i'CJil()tl

tlTiy :!iI,gJlil of 111.0\'" urnp5mscrncm.t, hdgo. Itm.p~rnill~C~pOtU~> cxJillD-$i.olil.p~iTC-
w~ve,~

IP"crtOliM ]>Ml'~5'i~S QIil~n $br;II.C>OIJijJl!l>n~rcs ~I\IU .pc!].Clm~Gn wcld5 wi~manlwo< ft¢t onJht
fhlcw~ s~rr~ces usi~g pomm~ ~y erulsslon '!rJl!al~.
~ COJ!dlWt,~~~'1Il:5~{Ill ~~~ll~ ;;,u_m~ III .I.wst 'c' lll!lll~ aw!!JY from ll!l bt~ wrf~,
~. C(mdll« Q~}~'~t Il"If' w~ It;:o:)~>:1in th~~~ "f ylt~fl1-5~OJ}all ~wrn~1 $\lJ'~~ cQ.t I~

~ fQQl ~\~.y fum"! !ill !h.~tw"e~lILiacG~-
• Uniq~ :n}!ml~C mBrltjns5, fo~ ilk.n~ifl¢3t~O!l pU~~~8n 'lHl; ![I~d~ en ~h~ ~wf!1l~l

:;rurf:.B.CI!:~. Qflhe ~~~whl:'~'!IIlJ' PM] t(-$!w~ c~nd~i;lbcd_

Depo&illl fi'Ofil 11t~1~C!Wer,s~i.o:rn of 1iI1e iltl'ndl.el M<I rep=ii'I1a.li~·e ,de[(!OOits l<)yJitj oom.e~ ttl
ili~ slit~1I,soall lbe c(}~ICt::!ed ami 5li:l~d ill. ,cl~~I:lii~s ru¥crcti jiirli. fiw .su~~ern~: IuIbor;rt1JFy
l!iliial.~~. Urniq,ue Ijfjll'lil.er~ iiliiJJlj;n~gs for t~e.1lI15f~.Hol'iiPul"]!l~ sI!<i!l me.miide olflllt~ eNbNrIlil
~r£Rce$. of ~rne ~tilJiirndi gn the SWJ~~ (llf 1i1,e 'i;lum.dl!e wmerelo1: d~pOSi!S were eoI1~.ee~
!PhQbo~ll~ ~hQuld bC;laK's!1lw~oc~tkirn~ ~r::~ d~~!$ :J~tQbe ~rnQv~prLQ.!' I.Q r,~~vit
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Prlor ~OIlli~iQ.!i!OO'·~~Y ~...P1~5. 3 b~$iru~. d:ay,~RQtic~s~1 be ,g[\I"('l!~i;I @H,pal1il1'Sto< Ih_Us
a!rsem.~ruI to pJ'G'v,i.4~tile oPJ)OIWlliil:y ·ttl O~G ~.IDpl~ (lO\H,~e~~II, A:n~Iy$js of' (;O~~e4

sam,piles must be apllfQ'I'ed, 'by ~II p~l:'lijellW Olelagreell"leJIt.

CQm:lu>:t 1!:i:1U\I!!SOll'ic,ela!.1lIln1ltton sdja.ce.lttlo aU (~aQWre ~UrfllcelllJS<ingt~cJmliQ,~~~ sllJjJab~efo:r
stress oorrus:.lllil eraoli:ioi!l or oUter' ~>ei'lti~~ senr;l.ee ~CikWlg mechailism.cs. P~d, ru\F.i}" is
!p~n'ied for m~_il1l>ki'ngiiilIldl A[!!I"fl' is~,e&f[e~ Ibrfi~[ing Glleto mHA.

~" r1bYS:ic~lMeasumnents
~, Mt;la5U~e ~ w~U IhldffiesS, armmdli~U!:rG surfaees all'll my .QlltTlag>!ld areas. If'COmo&ie:ll

lis iodcmlifl:~dI fiCal!"or aroumd Uwfr;Il~llres~rfilCGS,a ~Oi)lfrol>i.o:m :flil~p'" in.mliimg ref-e:remce
l~ijjjls sibolllldi ~pmd.llUJ detamng I!te, ,exl.e.rnt of 1It~ OlIm:!Sifiri Qn !he !!;~rfil!U:$ :trnd lite
wall !Mc~ ill~hQ~~ $.f,~. M~~!n~ may I;oe !Rl!!.dr; ~5ing 5Uai®b~b-earn
~1I~~rrlc ~till.8oolll th(l,~l!!Sli!lru~"

~ ,I!i.eeord allY lllJar~illigs: det>ec~ei~{!lIlfie iinside or ,out'Iide s1!rfitCeSofUl.e shel.L RilCOIXiname
:ijl~le datil.

~, M~ rnpture ~lhsli[tl-'IMip.
~, ,MeaSlli'e lite ~m.o:rtest eirooiil1fe:re.t'lJ~al, dislllt'IC!e :frIml ~ :r-r<l.CiI.li:l'eori,gan ru lIile ~rett

lIon:,gnhldlijj~~werd <l!iI~ ,~itly ~Uilcihifl'l.ciillw'ea~ 'CIT ,SI~rnJ1 ,d]t(jMlifililil;Y, ,sid! ~~ n=~e~.
~dir~ wp~rts. ru:~li~Jc~"

'.' M~$!O~l'C!he ~i~1 dli~rr(!m cacn fra(:'i.lire Qr1Siinto- Ihcn;~~ ciir:¢~mfertntl~! weM,.
uf an.y"amdlamy ~~mcm weld ,gr'~!IiU~r:!i di~ontil"l~i~)'"

~, M$p\~ild!ii¢kl1.m (jf~tlIl samptc w~1hi~11:2 i~.ch~$ "r~ nup~I!.!!".~Ofigig !l!Sill.g$Ua~s"'~
W!lrnJ !IJ~lISO!!il~'t\1iSlins:, M_~ts win ~. 'ta~ 011 a :;\',a_nm5qu!l~ grId pa1iW!11l(I:J~t
lis Q!l~ O~ tbe~L'U~G ,qliilllm.

Sui~lIl;J.l~,!"Ila_d;;l~gs:~!t~Uw m~~· on ,e,'(Jwml!~ Sl!r[1l~ ,00' sb~nw;jj,OJ!S OO~l $td~ of~o~'
~arli.~iOJlat '~l\.eJQirc~1111i(e.renti.1IlI,veld to, Pem1ljl acc~rnl~ ~i,o.n of the s'he~~~li~lll't'le~t of
~'h.ellNOsetliClffi m 'tb.e tiil1teCif:lbilui1e,

Aminimum oil Wstm~5 d'ays nQ~~ small k glv!>~tQ aU p.mtSll~O ~i~agfl;sIIlsDtllll :sJl,Q1.'f
1i11o'OIlpo.ltl!.f1iLy .0 lbe P~lLt mld, detemline tile locati.on or liheshe'll cO~l'lie maltib nw:ki~gs"
Mntl.ml ag-r:eemeill of ~tite, ~~8I.I.esp!'eseM is !required! prior to ma'kim(!l s:hell ~~i'Se lI'Ilalkii'li,!ls.

1'he 66()()'E' ~(fi'l~,~iIllJ(j mbmrJJ~d "", fl' /<'iOOMIN)i ~tl.fjliJ M rnl,[Mflias m er.tfo,rn1ti
r:Jtmdilloo fl~ tli_u.m'b.f)f, fnn:l:rer MSHng tmd ,et'iliifutlli(}Jl, Tfw p.'II'U~;Si~m ~ oli Q p~'
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fw a~~m~f)! @d ~~ pff{1~ tf) o"\V:~h ~ $tmreqf~ ,~ k~w i4' ~!' ll'ii!'lr
~.fltld tjf~lltmS M~/¢ ~'I'? aYld ~~ ~. ,~IJmfJJ~' W."d'i .:Q\!Wlt.r~m;';l' j'M)m afi paFli~3 filM
!Md dall!I' f: lhougln ~ent.

'lt~ .lafJfJltlt(ffy w.i1l .PffA'ith a ~~~ of .rre.tMIr,c.j and (~ j ~sh= ,~ pi!)l' If)
,oommMtillg U!'l}' work U.. (f1(i.~~ to lhi",$ ugram~m !tit ortk!' ro r~tfw! the O{JPO't'j"fmfly to ,&~
~l'!lUiid oh.wFvC f~Sjil'lg,

J. M~rM ~l(}'l!fo~ SffJp)fl~t]j andR~ceipl'
• AU ma~f.ihl~, $haJU be prngl~rB;phi!l1l.1IlS fu~I:I!:I,core ~red. wr ~rnippinK. aodl.iiS reoe~\<ed,
~ Tme 6(jOO·E c~.cirnilliger wiUU bel, ~bi1till'ledltc! 'the llOOraoory III ~.f<)~nd «!it!lltln~fo:r

dl~eJfIbl~" fiu<!ber '~ll.l! 31:i1d~~~1ua1i0l1.l • Sproyft.\>t;:w.J'e ~fl!1l1es wi~ elev la~qwr
(Kry1D~ or Rl!s!o~e1Am .;:iI.ears.P~y) gi=l~b!~i!l ~~(onet;;l ,P!'QW()"!~tlJ~~~rr!li)s~6t;m
oomoilioo.. hllMliI.N w:r&c~ ~l!b~ pJ'Qt:G(:!e4{JQmrn~.ba~~1 ~~.8.~ dl~rjnsmm~~
(~g. ~.~.tit :MW 1!O6¢Prml~ ~~Il.~ ~ ,~.I!C ()i'~ ~rnpl~),

• The ~hl!Dg~~ "".,jU be $cw.Rl::i 1.0a. !J"iUWpOlTt trai~,Mild pl'1lte>IJ~ my it 1lliJ'd QOYa'" (e,g.
wO!:XlI IXm or ''oome1(~''iii,itli Ilil,e boL'Wm i\eiitI.o'"'o'ed) w[11I a dbo~se>l:~red ~ya lllftmperproof
r;M11~ri(rr ro shi~t,

~ A~, h1~etion of'~rn,~;~fliI~ITpJjoof seal wHI. be .a(kYliJm~rn.~d,on d1_~'ehal~ of ~.y [J1i~Q1'
~ ~~rn~ '['!1!l! chain ¢f,oo~ywJ~i be $i~oo Ib'lf'~me!"C1JI"=o!B.tivcilfcacl!J ln~~~
rsrtY iDdn~I~:!l!bc ~;3~~ is re.a.oy fur: ~ipmMl:

~ Shipp.itti.ll d~IBii1$ 'wi.u' ~. prov1ded til- IDw; lab 'C1fcofl:i.oe,
~ A rt~lll~ti,~1 of tile ~ab!:iI'llIDI:)' "",m bel j),~se:llII: tab ~ei,ll'l of ~ ~"

!fIhOttl,V>!phll].~ as ~ivcdJ rorilditilooi ~i'ldl(lllC~memt ilfit nppil<Rrnt sltipp.iiiig dliw.~ge.
~ The ,~<lJjgci'ilrnD illi)' ~1l!es ,c.or.n~ will b~s!ored ln ~,seeu~ ,IilOOor loca1il0l1.

L "]'a_~ caliper .~~ill&S for Uti¢~.ess, Qf'm~dIG Gi'p!l!!WI am! all e4~s, amdl,d~ulflem~. ]f(bere is
~m~g oorrosioll .;!~ pits, withi~!I\G ~_fG!lj of ~J"jl~st wil! bG (l~!li~4 aru!U!.~ ph !~~~,
""'i'41!i ~_~d.;!G:p~lw!i!! OG N(l0l'~~. T~G !!1~~~ ~~r4ru~~~ggi~ss (;If ~h plate.. ]f !~~re i~
n~b!e SCOlrl~,~; s~~ S!Inl;PI.W ~.~ ~~ u~c1~ \I;!!~ jar-

2;, !~~~ tllle f~ilQd $.et;ti¢n lbr i$()laloo cmeb iflTooltmiiC$ of craw USiDg OOJ1m.e.~trucli.'Ii'e
restill!Jl toohl1liqw~. Ctur!xJ,n 51t.cl !i1Li'[~S 5I!Jr.rourKIi~i!lillieruplAlJC dtowld be. 'Cl'ea[lM :....·.1L'hrul
Blppro;~rili.te .og1lfo1i\;rS$ive elba[l~r and ~.sllqw~ii!ly im~led ilIsl!lg .~ w« froo~eiil~
m!l.~)'I~ic pnrt[elc iltS~~i""rn {Wf.MT} m.eIIJOO, The clrownfemtti.lll '¥eld ,s[wu~a be
~Mniloodi by dye poI:itletflilIit (M'J' illl(j W.FMir (l~lsWf::ldl WiIiS iIIIok!:~a4de4 wiRtt IE!.IiSLmLtl~,
itmlt>erlilll'aM he will be I~ ta_n meel: I~t 3([~C"bedZQitle om.,one sk!e md! ~!1ii~ie
da.d"dlln,g 'Oi'Ifbc mmr r.irle {!-:r~1'!l '\uel~).

J" Viis'uaJly ,~LI\>G llJ.o:l fraCWI:\':! SlilmClZ-li im ,d~r.a.il 10 [mtu!j( ~be dll!!!'a~fi~tics,OO'~I1I~h.c~I;Ire,
~m.~~~~ of ~ ~~l Qr!InQm~ly, ~~m~ £il;1J!,IlTt!l i!1il~;~~io!li1'Oim!($}"tJtuUi~ 3. ~Utablc

6670 Beta Dr., Mayfield Village, OH 44143, Tel: (440) 604-9843, Fax: (440) 604-9800, e-mail: jblough@firstenergycorp.com

mailto:jblough@firstenergycorp.com


.~
BETA Laboratory

1509001 Registered
METALLURGICAL LABORATORY

BETA LAB No.M10198- LS3 Top TESORO REFINING AND MARKETING COMPANY CUSTOMER P.O. No.: 4501667904

ANACORTES REFINERY
10200 W. MARCH POINT ROAD T91 W A4428 DATE: SEPTEMBER 20,2010

PART: 6600-E HEAT EXCHANGER LS 3 Top PART 15
ANACORTES, WA 98221 PAGE 44 OF 53

LABORATORY REPORT -L53 TOP

!!1~lhodll) ~l!o1'o~iIIldJldQCurn~nt~!t~ htwrt 5.W'C.~ [nclludi~!I difllen~o.~lII aCK:mwn"W.lioo,
SUiil~.bIe rf!t~I!tm!~to dlx:mnmtlh.~1 fr&:lme surf.a~ i~eL'ude, but aN not L1mlt1ldl!Qo,tbc
f>oIICIWlmg:
~ [<00!1. I'Iv~.Il'l)dJ
~. ptt.m~rnpM afm~rosoopJe =miJl~tbom,

t, ~~allfrnim.eeach ~i:'J ~lT:lpl.e. fur ,~ "",-hm: ~~ti'orn~ w.itn. be remq",od lb~fi.Jriil~(:;r dc!ailoo
IIJII~I.~~ TheW)g-r,!IQry mC~:'IHu~iStwith C¢~I::~rre~o~of all pmil)l; 5ho!ltd ~-(~rminc th~
a~StO< ~pl~ fQg ~n ~~~ [_1lC1W~·!IIJ;S~dif~Y Q,PPQSLW @r~1Jyfr~wrt:" WIil~dla~~. to
gtt Ibolh $td~, Of~M [ractU!l':.

il" Mark ,a:ll 1I1'el!S cnwen fur :fUUilIt>e:t ell)3Jlli~a1iofi M!l l!:ibe.IIIDame! 00, rnc[lldll,siKletmeiil ~Pde (G

be. E1X.po;set! ,vlteli moUitlJ.e-a.

3. Docuiit'leM '~I'il)8~meat wi~l'i.~roJ'!hotlO@rnptit$" ~hmVli~;!l ~ to b~ li:<:mQ\'CO, lD tlli,S. mil
~JlICC ~remeD~~

~, Mark ~~ :mno~G ,arGa,sW be ~JlliiJGd! oor !r1lK1ra~ch~lnic;a!l. ana1ysis, fillC medlli.llictll t~ll,
im.dud!i'IIg b<ase11ll'iletal,wc~!is', and [;lelLt.A~d Zones {HAl)"

F.rll!CfogrllJllbil~etanog)r.il1ph:ic .iExa!m:imlltioIl

t :)[IW otlkl~.t~ornS ~obe 11fI.O'~[jied,or Jl:!ollCdiilt w.Ht'h MM_pC I fipt~il. "'SOl ~~pe,
.ifIlIaii:ll~ilil'in,g.~. iJFtitMbiliL)' rutd ~idcII) ~ '~amifie~l

2-_ EXamims- ~mcns wMi M~c.~pG and 'U!_!:le pi~rt::-s. [f ~JlIG mctul'O ~~rf;;!CG Wi!5
c¢rrqdcd ~r>~ SJl~yj!1iS wilb ~!ir ~~cq~er, ~e;n ,cut ill hii1f'~Jld ~p Ot1.e1 Iu!].f arid! til11ln tl!l;ie
QUJ_~r~r a!\'d. rt::!TIocvc !l!!.J1lIif.~~rWLt!! aCGUm~ anlil. e~!l Sl!rfa<:I'l' Wlilll a cleaning ooUutio(l s~.~h.
~ EndoiK_ The~. ~jMi ~~fllnW!s, wLt!l M~..crosoopel a:n:li~a!ki.e llieW~ .lliel:a1in 8I01tt'I.eQlflhe
ml.l!tC s~mee of inleresl: wwI go, '10Sl~ J.

3. ~Lme llit-m.oumi:ed und ~i'1pol~f]ed bMmt: ~ItFfID.':es of i~h:~ iDlBIJ SEM at 5, 50,100"
SOO,~,OOO rut'll ~ooC!x!o ilook fu!~sib:tc I l.i~eUy ~~li~la~ig!IJ$iilc$ $JRiI cl~acly d~sl;:>~be !he
mr.eI.Ilnl: ~wrftrcc nl(j. .irntcrgr;;!m!lllp:r, ca~~,ag:~,rnk:~G!id _IGS~ce}. ,M_Y d~p~j.
!II'~ ~Q\I~ lbe !.iDS~~~~i~

I~:ena~ e ~~re ~lI'Iil'l3&!n I'roWc;OI - :R.eV. 3

1P8~16 Of 10
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6\, Ci.rnfid ;tml!'!polr.srn.!he ~~rrB'I)Cof eaDh ~l1iIplc !Il5i~g ~ SI1>1iGSoJ progrc:{lSivt::!ly fiMl"' gl'it ~i'S

ruJd pglisoin@; wfu.eel!5 tg. ~~i!l! !Ii $~rrR(l~· ~uinab[~,(Q! ~·)!:J!ffifllat[QJluooer a l'Iltel~l[Mrgictil
mnnemsoopCw[tih mo.slili~ca~iol]Jat SiO;:)",!00::\, ~,X, ,SiOOX. ]QOOX. and ] SOOx.

7. ~mi~~ ~cl! mo.u!!i~ i.1lJ 1lIIeun~lche-!i ,C!)~d]nOD, urnd.era Maer;MO~ M .S 1.0 ~OX
!!l~&n~r:~ion,

S. 'f~~i 'pli!(!ilXl:mL1;rogrnpbs3in.d ,d.CiW:nnernlaJliY areas elf i~I.(:rd.t At,~ ,otiin1U~ ~l' i!WJ~~~:
~ .M or n'!:1!r~he:ftaetlll'e ~g51'1
~ Frncture wl:fuees
,~ Wiel\l! S-eal1liS ru'l.d H.I\Z$

• Anorm~~i~s
'. ,A,..!'1l'!!5 wil~ rnd.ica1i~~s Qf d~i~~s,or =ks ~d\lllt~lled, 1iI1Iro~8Jivl:!1iliiilliiirndlm- OOll1c

(i!sstl:\_~!i~GleslirIlg
'. N'e>IlS ~:>'Jlibiti~g ''iL)\piCl];],'' microstruotures of 'foe ~ jfJjet.QJ~ mid mC'M!l, ~I!d ~~,.

~C1!ecl~m.e.

9.~&fle eaQliI, i'itI.()1jmtt:i.1lder It IT.Icl~~r-lJrg~1 mi~Jlc Ibr ~ Digh~ m~gn.jfl~oollii~w of
:any IlmlS Om 'tl\e =iPl~ .. -

:11.$itII~rae~c~clJ(lacl! mo~nt wi~b,ill Hoot 5% «1!.ch s>o~uti.ol'l(fM ASI S··7(1)ijM ~timii:le u~ijjl!:
boU! !Ill!: m~ro ~_ndRliiCJIo&;;()~,

12. MOOIItlii dta.t ooD.ei~. IJioys ,Olliulmam. C;~tbli.:il. S'l.eel m<i}l' [eqUITe d~rr,erent ,~ ~liutr'Om; Qr
teeMI.qL!I~,

l.t IDetidt if il!!lY mo.u_D~,aile to be Wt1Mr eKajjlin~d! LIiSLmga Sc\~i!In.iiiJ! .Ellb!:i'i.Ii'olI Mi~e
(SBM) ,el'lill~ iifllM ei'lliwd or ~1iI.~, ,oo.ii1dlIHClfI ill the easeof'~memctlfits.

~.6, P¢r!bHn BOO 2im:JI)'Si~o:r~' m!.!I~ Qr\¥ll~~ m~~~~mIle aSJ:e>q.wdl"edQil lh.e !lOH::S:h~
IJl(Jrnnt ~Ii[;!ple~:>.

i.,. AI! wGI!:! joinl eeess S>ec~iMls.~ehmens, sluruld, i:legi,VCii ~ S-er.iu of m~,d~ Ic.S!$
~tmillg rrn j}~ me~~~l'l.dIr.:l",e~[jjg '~Dru~~ 1It~ ~I\lI HAl ~~d '\vclrllrn~l usimS :3. p!tl~ tQ
bepro\fid~d by 'fbe :lag, I'f ~'IIeie i$ .~ :tri!iGiiii[e. !;~rfi~ in I~$ ~liOI]J !I]J ,II ffiQ~l!;~ak~ ~
f~ll.~iwdrn~ifMdiru.!l adjaeooi: ro lite fretrtrurt: ~rfB.c~ '1It~m~B!kc microh~.rdl!!sss:oni;hG
iil.~lllli1.edl ~iIil1MI~aJ: carnc f.-.gm !he ~~ ~id.'e(;l"r~~~; p.miou~ ~1I!rc:1 looa~fon ~mdl
perfanm.;'i l1!Iicrorn~rdn~$. adj~~J\ tCl~g~ r.r$i;:~~ ~wf@~.

EXdii31f1gB" IE ~I~ ElG!mlll1;§~O~ ~ ~ tReY. ~

P<lge7a'ro
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fJltrfng fh~ ~~ of ltXfiiiJUmllQn' liJC"lMIQgmpillG !i(jjnptrr~ should b.!i' u_iltoo' W ~"riu
{fJt(/mfr.fullJ WJiy ,rS$Ull$ ¥Jooifir; M tll£',foilltTt; Slidi ,(;IS,'

~ Matu.;til spe(;Ij'"t(;Bi.r()jJ,.vad~, tmtf!.rMi ,rrealJIMnl
~ !¥ii'id 3£"Ghr fl;l ,1.'Iof'e~ Cijj:kmifi'£'
~ Wl:'Jd SCMI ~ ulj·(!jfoGllJ:d w.::'11
~ Dlf~~!j ojmU:~trliClltnifTO.m ;Strv"l~ ,~iH{)ru
~ COfl'tl'sro-n
ti' imitcgli()M~! oW;.ridefon;c I~~

LII DIJ1g~~ fn m""~~u~' h~~ t"iin ~ tenrpi!I!(l/~~ (W.Nkh""'aries. (Jl:o~ #J~j~lrWN if/kg
s1lel1)

M~IJJ3l111i.carn.~:I'ope:r~i)es

Thstl!lg sbo.utd ~ pet'(¢.ml.~ t" (!!~li!1e tB__s m~Iul_lIt'Cf!a p:ro;pmi~s of(h.e: Il~t ~~~an~r ~nd
LIlO".~p~-".Gm~_n~.Meclmn~J pro;pomi~ of test ~eru s~..ould :~o.tbe tllt.m hn ,a~!!iSof
d!;B !wit ~c.'llaJlger ~Iat Ila~ ooeml pLaf>1liO'aU~y,d~ro~ as II r¢SI.!U,of~IIGfail~re b~l; ~~ i~clude
~"S Imam all ~in~lIe.iiits wllliiii 2: :~ 'Cl:flhe t'-rIICltire.S1i.irrues. 1:rne!1e fije.olii.~i:i~.MUl.eSls ~~ootd a~
II.e3stJ~ude lite f.o~~w.mg:
~ T~~1e ]'M1iiill,
• CIlIar.P'Y V·I'Ii!)~~ll'I'Ipael: l"~limg
~ Cbemic~1Aflf!!Iysfis

T:msile I~! $JiI~i;m~~ ~h!)]J[d ~~ ~p:;l!"01l~~"(I .~ i:m acQor~acoe wi!b ASTM: ./13'1\0
(M~~IlI!!l!i~1~i:Ilgof ~ll'fOductl!} fOf' t~~5RC..a! ~ rne~l ~_nt;!,'!S!d ~alJls'Q ~~ yi~!~
strGnglh,~hin:lale tllmite Sl~, ami ~.on.ga~iOfl,. The sll~.H!NisI:! met:l!!l500illJcl,. ~ a :tllilliim"l!HIl bG
1.ll5l.e(!! :iD '~ne'Ua:JIS,Wll'Se ,dHreclioo;, 8Il.1l well!l! ~Iftl specilmens s4to~ldl !!Ie' mk.-:n .ooross ~le '>'Ielt!
_t1!l.

Cha.rpy V ~Ol~lJ (CVN) ~,Il~~ sliiOUlMbe .prepp,reo:il ~gd~esled il:l·~Ol'd~nc~ v.lJ!h AST:M E1S
(N~~cl!~ k Lm:p~ Thst~mgOO'M~~~e. M;at~r\ia!!» rog:c~~rn~j~lh~,too&!m~ .;!!1~~rLsti~"'.;;f
~n~G ~1150~fiSG d~ct~OIl, Tt,l!illsj~iClllc~s ~~U~ be Ilro;;hL~ wi(11 .~ (3) sJle.;:.irnmsat s~1I
Illlt1pmw:rc. ~lts mlftl. 'CVN testi~g WI.ay be rqo.rwd ~nOO~lem ~II of !he fol!owflllg fartlls
~~i~!I 011 ~lIe les~lrng I'eSIIIlns:
~ Up~r-Sm.~lfllli~ergy (in fI-:1bs rutd s]u~iis)
~ [..o~.s~fEm.ergy ~inR~l~sami! SJ)
• D~ctiIMo'Br,iiVl;l.~ ~_msi.ti0n Thrn;p¢ratu~ (S'm% ~!1 ~F) d~nliMd {r'om !!JlIi!bi.caU

~~slll~t'OtlJoJ~tins, lresu~m
• ~~ A;p~_~«l '['r~ition T~~~re (in ~f)(;Ol't'eSpomful.!l, to ~(I % $hem"
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'.' la!Bn!i1 ~iin~iim ,(to m~re 11i00x:hIo~¥hn~)
]1iI ~rnc ~!~~ ilm(l,Y Ib~dirnl;:~hto·m~c8~~re p~fQ~t $b~~r;boIlca~~ o:l"'wooo)" h~~· surfaeell.
]n ~ss~~·s h\1lQ~'d ~ moJ;S ~p~_riaw to use Jtt.\':lrai! !1<X~_mfijml ,an4 absolbe-d. enugy
m~p;;me!lll;5:lo ·oou!:ill a mof'G ~~~ In!IlISili.0JI Wrnpe:rntuN.

OptlQD~I: lf~ht~1 ~bf!.l'JlyU'aM[tton OJt'V>e5 Qr ftaerure .~p~a~ .d~sp.I£lJ($illi)' (I~v6atiM ~
lIown~1 AS I.S-7[1 fltII.rer.i~ llc3i:a.v.l\)r, nmGtiiirc,rrnecltwiJiJ:s ~!in.g .dt!DOJdlbe perfotmn,ed to· d~!Crn'l!iIllC
bo~1iI r.1~Ue tlDd! ·d~:l!mie ~e1JUre ·ooltlgbn.ess. Therell.l:e' se"'e.rn!l 'SHlrndi!~(jjrnrll. ~.p~im~ ~Iit
tlCIlIld. be used and ~e a~r.iale ~) sit.ould be ~gr·eed IJ~ Iby :;ill Pillfl[~ .

Clwmi5Lry swp!~ ~p~1:a~i"'!l ahnn oornpone~ls wi~b'in t'\¥o ·feet oflhelllterurel slJlfuees ~mLI~
OO~D anc! atlal~~ im 'll-C«Il'·;;iam.oe wltll ASm Specifl~li~ioo A2IO,I AlGM co.mpared IGA8M!E
SeQtronl[rmllteri~~ ,sjlIe¢ilfieatlOrn$. P'erf'oim lecg·;jj;J~~$ ·Ibf tar"lxm. A dcI.CimlrifiitLlnOJlOlf·eilJbQn
eqll~"al~I.:1bt caM rest ,Smtt!U ItJc jfiooc.

~[Icr&y d:i~~l'VC ~ctrQ~OOpy (EDS) ~ ,~i.h;'£.I!'l1$ d!illi'iJi'hlct~Of!(X_RJ)) Qr;!;'rl!Y pllo!ooJ.~ctmm.
~~r.g.~y ,(Xl'S), .!!~~~e-!l'm~lIbs' '~~. roo dGl.l'!rnin~deme.ll~aTld ,comlX!(lilaS ~]n: im
5U~ d~,posjtl(L1a~ wC.re oo.lll1c~~ d~rill.g lM~ist!fl.1 >e:f!)aJlIliRal!C1J1~f(lG:ilsid~ gurl"!lilme 00 1M
in"le;Sli~liol"l. Otibc~ sui.il.ablJe les! methods ill.ay~Loo· be use-d.

[f IllIe ilh[tl:.ll~. Ilrul."ysi,s ~wears ~D i~.dicate llUlA, dim. liw'o'e :!lJtriB~!,spC~i_ rml.o:'O'cD. BllId.
;tilaly.!~ IlCf Ih~ M[~r.hls Ptopeity CM~til (Ml'C) .Moly-H.y Journt riOOu~rr~ PJ.g~!;lCQ1'iU
Urnivmlily of '['e[l~~. This plfOtoGtj! 1(W.1l3ves C~~iDS(~~1ciJJ,d~~ ~.!"e !l:!'i:l1lr
imntCm~ urn.l[q~'id! lliitl'O,!lpn) nft"", rn~!Jhini~i!l :3.~[rn:;!II!ILotcl!~m'~<r; m~~i!lill ~robably e!o~'o
bQtIlrc su~[B'C~) lind tll~rn '~8rnill1Jims:·lil.c b~~~ surta~ wl.lh S.EI.MI.1ft high m~tlifLctl!ioli (5,.00(1
_ 15,000')(J A_IKiU!~r IPc~J:tQr~~~~ iS~(I m~l!L~ 1M ,~OOl-diffimib,l'eIIyi:lrog;e.I~IOinfer (ille
'C!:-4 OOfiwnt.

I.. All ~a~[(jiY lesls, ~fi~I'lirllill1l p.rnDifItJl1!Ipm$ or ~. $hguk~ ~ dO¢~~ ~nd
'~IllIfiIflil~riizbD.io CIiJ oorn;prctc l:lblTC~l1:. No ~mlll)'.sisor c¢m;:I~sJ.Q.ml:sh~U ~ pN'I'i~ .

.3. A~ electrol"lL'C~i.QTl (e.g ..pd:r, Jpg} re,poill 8b~n be diSlfimtit~ Iil)'trnethirrd piJ~ ,oomdtlctims;
tWc. ·exarnl~n.~.~;OOS·~CI~n p;ltI1e.!i sirrnllllal!1ct!~I~ wirlflin '7.2 1il00lr:$ of OQr:rnpl.e~i!)n,. l'JQ 1l~!1ly
,s~Jn. ~ve 'IIteClp,pQti!unury 'to ll!'!'o'il!:~1,I' Ilmy r,~h~ il! atiN,ltIrnge of the @tn.t-t'· .paL1iS$. A_!II-Y~
requ~sti[l!l clltlrifi~lion Qrcl)[J\~Q~ Qf:3~,y,!M'1~ill ~~ ~.~L1 ~~~~ wb!n!t ~ir wq!J!l1<St W .~ut
F,)'3l'1:i.e:!l
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-t, ,All, g;:nPl!l!,1II:rt.IIIC'~~·~ ~.Oil:f.Ot,jjjjd ~ ~~,~~1t!I1I be ~V~.~
OkIoed!ll!~'_f1M!~'l{I~,bY~n~~.~=~fiiJt,d .....ill~
(lI"~Iilai.i!J~~ ..

~ ~ @~ ~!'~ Ibn!!~~ lbe ~~ alll4~ ~ w.- '1lI!!' -rIM at! baD;I]~.
wl.lh.lnilliel.lll"~ilt!i'O.'iha ~:i'lIo'>li/jJJ"_l'il!!I~~1.I;l ~'<i!lll!)l,
g!:$l....!!~, .

J.am!lB D,UllloIl'
V!~ IP.!fUJ~~t, ~i!:lt!i LoW ~My
t:I!!I!.oro 'Coo:i~aR1!1!!1 .

~~i

Rob_p'!~~~
Co:mPl~ M31a;or
Di"~TQo1'1l!!'~~~~V :s~~t'f,~~dl ~Q;iI_jth

~~~

~'1I!«r~:~~:~_-IIlll\!',~'

1~1QcI'lO
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Tesom, E:x:cillul,mg:el" E F.~dluftEx;om:in:8Ifttio,n Protocol
Ad:dclIfI:d,1!lIm-I: Additi~)Da~Wm·k.f(J:rPalr'll (t"f JI'I,'ofiO co~,

p~mi: 1..F:i.,e~dVil$lll~.li and No~l'h:-!!~liuc:t~v~.EXIl!1Di,DilJfi:llIo
lW j'i'IJ!d '~>j,~Ullr(JnJ. rftrrtnJ(!J,'."Fl{L~r,""'!: lif!,!i.t,~ /fmi/l be! Qp:pl'oprrawbr dflCU1I,F>Li'rllM' fm#rnlll1g
e:r..ml~i:rar/o.~,~p;r,,/tJrIj,e<J: JNta:F '" 1!lITHi'j~;,m#"fll$, t...sr (!(J'~(pm(!l1~' ,<Sed i11 iJxamfn·mlrm.$, r(.'$I1Jls of
t(fSfillg (j'fld Ihil qu.:t!lljJali/'{)m' of tire ~itimll,N!j' g~¢lPI'¥l:'la/~. "Ill "f!Jron,f wliJ IN>. ,~lgf1~1 mul
d'(II~diJJ' ~l~'exami,wI"M, Dm(l ~p.fJl'tlt slwll be d~\',rFibrJ"~ :b~'1M third pCll'fy crJmtilcNng #!t!S(!

e'X@!'!lj/Ur~'i~~ ill' iilll twrU~ .,(mUifaNOOtJ:,ffp, NfJ< pur$)' sJ.ir111 h'ulll! ,~11eQl~par'l!lljity ~fJ' 1\~'~~e!!' ,fi~~'
d(JI(,j N.i!.:ulll5 itt ad'fflNC·~ ofrll~' ,rJjll!~1'p(lI'fles. iJ~PtJi'tJll-c.q'i{t:~rir~8 t!loF{fifN:dirm ,m' N1~N!>~"llrm q/
a~Jhljlg Jill ,f'~ ~POrl' ,,1m1l&ubmU {nEll' nqUl'.f1 ,wall I'flFh'o$, J;:i'~~" j/;MltI'tntlJ' 4X or< ""',f~ljl <'if.tr..
i:,!:~rlQ'it .f'1/l"13 {H'OrtJw w,11Inl! ~!J(N'jfi1 ...'lf:/l aUptH'i.tn M MJJ "~"rjr .ti"" ....I:r.tm ..... ~': yrl".,,1 ~,tt:~I'~~J' ""~~"
~rfd.rt'.•~f , ... r;rI~~l;w.{f;JI'i!·v,il!l_,Ii.~~lr;ll'i'''''

CUII".rCiI!Ilt 'ii~oii'\ktinl th:~'.iI1~c.:io:n:
l. 'Fi~~dCrack Detec;:tlo:r.l UPU'a$Qid,c I'esting

t'O!ldUlct utlnlSOnlC ~xClllIlltn[1tioJa udjllee.m 'to, on frut:lure ,"t;lfiul'i!i.et!s U$inS] leclmiqlllcS SlJ!].~bl£
foJ :o!INSIo com:llSion (;ra~l!:~ng Of oth~potcntl~1 ~I'l:rvi~ Ii!mck.~~&mc~'llJll1lbm~, 'l~h~d
iiiTIlli" i!> pwft!!n;'ill fm ml.!~.ro·c:raeJl:.in.gmd AU'S T isp:~d~r.rOOfOor.f:i~~lil!"inc·~tg, J-frl,lA.

;\d:d!I~OI]j!!~,,~j,oll'kir~iC1~mIU~iDded:foll" 'tll.ill ,~C>Illlo!II,:
,EKc,h~l~,eg'E: ['e['t~l'I'I'!plm5ed ~yultms.\':IJilic illSpectiol1 Qnai~ funI pene1:ru:tio:n, Willds·
I.{)~al~d,oot'OW~1l th~ 1:I!tJiint OIl" ftli]ufe iln:(JJI.he sh~U ~1tI ltlb[l.l;h~i fi;Jl1!gl:l''''''<e!dmth, !lite
e::>i!c-ep,~iO"l:!C!irfr.!;~. \\'~ld~- J)Il!~~U.-.p!'!lI ror~h~ll\d~lilimllll'OWrk ...V±n.be p,rovided 1.0u!.t
~ie8 Simlll~(!fiCcm5])' \li'!th)'Il 2.'1llours o-f comp!'Glio:n oil'the illl!iVCeticm.
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n~$!Q~l)~~chang:e;r E IFiI.il,lJIIreE~m~naio~1 Pro,to~QI
M(;I!eindulil'l -,3: Fi.evi$iOl1lsrlL;a'b ,el'arlfllea.1h:l!'I~

This AddllMIlm-lli 1.0IIl1\(dIl!In;g~r E F;Eljl~lJ;eEx~minalio.n RfUtgC¢~ .~~ IO'lIih r:e'liJsiOii$ I)) Ule'
'~J,!gin.. llln$~Ot! Prow!XI1 dOOlUIl:erwt

1. T!i.e requif'emeni to talre< calrp~' ~eadili!S~r,Of Ibickness.lin U"ls> mitkl~ ot tliie pra~a, Is,
d•• &<:!_

2, Th$ f>iiguifie<tm~nt kHl!le maoro IMa~dn~ ~~d~n~ On ea;ch' plate will omly ar>p~ to test
1p1a!ess'IlIP\Illled to thB la'bCH'!li!QiiYand Ino~ plates wfl'lch. Nlm,aifi!~tt;,}Ctiedll(lll'1eh.6at
eoccnS.l!l9:er.

3. Tlhe VIi'FM'iF' ,and'Pf small E;.e, a~!!edI om~ to the I[), ·$urt'a~s· in Ule ~inily ,of I~I!' '~CMes"

4, The fmclure 8ulifaQe$\'!ii!II!)e <!Qcumelll~ed Ibm Ille' rdeii1llificaroiCJ!ll-onhe ~nllra~i~liI ~ifi~" the
r~re ll1Iodeandiloo, rnrfllJl~lar1ion ohne haclure will Ibll iha; r;esponSi'llirityo:f Ih€l S~ifI<i~QJY
oor!i~ gf ll)eiftecllnt::a~ rep.re9>entali~$ ..

5. iD"jmelll'9i.icna'1docum~!a,1ion of~11 fmoone ~urfares wI~ b~ by il1CI~ or ill scaltillnaill~~ .

e.. The' P<i!X!F<!~0J1I" acHIilg as a ~far~81IabOt.aI!).ry" wi!11tiE·s~pplfe.dl1heo rQC<ii!iona·I:o m~e lhe
resl s~mples :IImellli$!ype' !)f'le~~and test lP'3ramtlirflr!;.!O ~, pelfOllliled ,al ,8ach Iocillljo" 01'1
1Ii~ ~~t sample, i.e, mqm:tfil~itton, Ilia ro(fl1!!)$$ klaiinesl me~()tt '~ $ign .. ~1IYpanle;g, orlMir
'l.edlmlcaJl~ep~$!!!n~.e$ UiElt a!'e preS/en! in!nl! IabOl'<l~i)!"j ~t Ul!e,llrlle Sinal.llrna~,IM$e
,~~!iolliS ,andl glire !hat in'ortrl'l"~i!)j1 'cire>Cti!y It! llie, raiborato~ ..Coifl1tiflel"!~~fiom o~hiiilr
t8dlnical e"fP'SrI$,wi!! be· oiln~ijer'eda rod facto~cI in!o Ilfle ~i9lna!~ lDal1ias Qr tl1eirr I~hnlcal
,re,pteSen1mive's decisions b!llil al~-d';!:ci$iom Olil ~~oJ or sampf.e$ ~Il<i!11rel'rl~il'l as
tl8cis[oitl>;i o~!he $!sfia!J:)!y ,~IliIieSCl'f 1:iJlieJrre,[lh!J$E'n!a1ives.

7. [nnefequirerment rOJ" llf1(1untl~gsamp:Ie$' 'Ofi each Srae of any fir:a.e'!.U~ weI(:! larea wJ11apply
VIIl_ eon,wifliiIl<JiI!fr·gm 1)IiI~ $$m'p~~ ,~lrieadycut out~.S o~ lhia {!.ale 800 wl~ ii\>Ol.ap.iJliytQ .
lma~efia;! $jj!!' ,atltilC.l9ed1I0 the h~1 e~ai'ilger. .

a. sinsethle fi".adllr8 s~11fa;oe$.~~ nQ~coated wfill any la..tlqwerdie- req:uemeffllt!o rot ea'¢l1!
fi;a@1!1!fe ~l'Ilpl'e lin' half; lOieeplm;Q'Cineas i$ ,~ndl ~a:liling' o.nly 000, half' ",Jill not apply.

9, The acoe,plaJble cleanfng irIWI~tiiO\;I~ fQ~ll1e ,SEM _Iual~n, ~'the. ftllClure surfaces a~,
C~!)(iIL¢ ctea.l!lr.tl91ill mih:llll~.aline or ad:llsO'lUU"Q!fI orajtel!lla!live~AI'eon~ :!InA!linnilliled acid
c.yelas, llm8fe1is .. 1Wa-y$ ;l! IiisKtna~ extensiil'e lieI'd <'X)fi\O$!on !la~ C()~suli1llecllme (f.'ii'IT .. g~
pwm.e. o.rne slIrTilJll'e will be, ~<lineQI ~Iila ,evalwh,:d 11iI1bt!i,SEM :at .Eli\!Ygiven UIiIlJe_

s ~tecl in 1M lest ,P'I'GtQiOOlla~BfCif e!llu~men~ CIlpatllllly aiil:d~h", eXtlC~
ana a.-e:ilJof lliitereslt'or al~ PMtwn~ra.phs ""III be ~otjllllloe'tMere~ponsibllity

sfgnarolY l'alltiE!$ gf !~rt techn~1 re;prese.nlalivas present inlb'he lab at Ihe!i~,.

12, eeea~Of allllille ~ert!rn"lallC1Jl1 in Ihi!>vicifiil'/ of tlfle trac~UJ.es lhe- rreq,!.I!ire.ment to,!~ke th~
memmf:caJ1 '!1l:M'S,!XlCil'neilG1wiUlin, 2 te~ of!fle ~t.aCl.I/J'~-G'is; ~e!el.e.d.
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lesoro E;i;)ch!;tiillt!li'E FaJiIY~.E!\\!!!i!'!]!i!~ilih;l~1P(oW~oll
Aadendum ~ 3¢ Revl",r,()nelLaf:! Or~rlfiC<lilicm.

~3"TM, W1W.e :aM ~c:t '~e$~lIg in lite 1mi'I~i'$e> dil'$~ .is ~nIP1.iflre~d as Iila:nr;'\IW.se,to
the ,~Inll~ plate FQ!!!~ di!e~,

10:1.";ririe roqulrelll1lem 'to ~_Itar=~ Qr~trltMi!teU'!e re,pm wruTI!I1I71;l ~ ,Of ¢:;)!ffip!Wo.n ~
dll1a~dandll1e pafll:es,agJ>Ele!oal fevel2 lle,po.I1I, WI"I!C!'!IQ:)!tlW!aQ~plJ\l'e~~Ii1.;!
C!!P!i~ed pnotos 'o'lith '!he IresUliant ,a.S$emb~ 'tillnelbel'Dil a funcllcn afHle IImwl ()f ICIl.IilJ
o~ bill ~s~iiif ~a:welliksc ~pi'tlS~!:;ttD¥~!, ,Cit' OIber Iparty
1l1lfm1~.edw,wJtrless tI\'!il r«_~IO!y ~"'e' tl1a,Qll'fl~i'lity~,~, me delel:eg, 10i'I9
:aa IM"rlI rs m.odl~f'!1ip~n '(0 lab ~ w~no 006 ,CIln ~ OFma..b any ,oop1es ,Oft!!s,
iai;I!:'MSlQi;!' VlOri< produd ~r'!i:!IIlf! Il..8boortol'!;" 1SSWl:g'1M1 tesf repoct to lMe slgoo[ory
p!lll!!l!!i>

Ro:I)QrtI~or
Com~IanclI' MlII~II;.r
!:IM!J!qJ! ,of ~~tlDmIl1 ,SlIMy IiInd tlflmtll,

1lt~~J",HdI
1"rI .... ilIJ-;lI1or4n.cIMr:g.
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Attachment2

TEST EQUIPMENT and PROCEDURES

CALIBRATION
LSS PROCEDURE

TEST INSTRUMENT & MODEL
DUE DATE

BETA No. REV
NUMBER & TITLE

No.

Failure Analysis N/A N/A N/A B0069 Failure Analysis 0

Thermo ARL 3460 Optical Emission
Performance

B0068 ARL 3460 Optical Emission
Chemical Analysis check prior to BETA 665 2Spectrometer

use
Spectrometer Analysis

Amray Scanning Electron Microscope, Model: BETA 386 *SEM/EDS 1830T4, SIN: 18321002, with IXRF Energy * B0064
Dispersive X-ray Spectrometer BETA 755

Camscan Scanning Electron Microscope, Model:

SEM/EDS
MV2300U, SIN: US0187039NG0540181U with

Sept. 3, 2010
BETA 602

B0047 CAMSCANIIXRF SEM/EDS System 8
IXRF Energy Dispersive X-ray Spectrometer and BETA 756
x-ray Optics/AA T Detector

Wilson Rockwell 524T Performance 00027 Wilson Rockwell Model 524T Hardness
Rockwell Hardness

Hardness Tester, Model 83259910
check prior to BETA 400

Tester
5

use

NewAge N1300-C Hardness Tester, Model 8150
Performance

Rockwell Hardness check prior to BETA 897 00052 *SIN 951480
use

KnoopNickers Buehler Micromet II Digital Microhardness
Performance
check prior to BETA 401 00028 *Hardness Tester, Model B-D58222

use
KnoopNickers Buehler Micromet II Digital Microhardness Performance BETA 401

Hardness by Image Tester, Model B-D58222 with Buehler OmniMet check prior to 00028 *BETA 977Analysis Analysis System Proqrarn Version 9.0 Rev 3 use

Proceq Equotip Hardness Tester,
Performance

Field Hardness check prior to BETA 428 00016 *Model 25-819 use
KnoopNickers,

Instron Tukon 2100B Hardness Tester,
Performance

Semi-Macro Vickers
Model T2100BR1942

check prior to BETA 2006 00068 Instron Tukon 2100B Hardness Tester 0
Hardness use

Reagent
N/A N/A N/A C0005 Metallurgical Reagents .i. 1Preparation"

Linear LECO PMG-3 Inverted Metallograph with BETA 419
Measurements by Buehler OmniMet Analysis System Program * 00065 *
Optical Methods Version 9.0 Rev 3

BETA 977

LECO PMG-3 Inverted Metallograph with
BETA 419 *Average Grain Size Buehler OmniMet Analysis System Program * 00066

Version 9.0 Rev 3
BETA 977

Dimensional Starrett Micrometer Number 222 9/09/2010
BETA DLC-

NA NAC-094

Dimensional Starrett Vernier SIN 120 A * BETA 2005 NA NA
Dimensional Mitutoyo Digital Micrometer 342-361 * BETA 884 NA NA

Mass Mettler AE-100 SIN C-31383 * BETA 113 NA NA
Mass Sartorius LP-6200S * MLL 0009 NA NA
*Denotes procedures or instruments not used in this report
... Etchant 5-1 2% Nital
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