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Plasma Arc cu~ting 

A~~ached is ~he rPU Nuclear response ~a ~he NRC reques~ for addi~ional 
info:..na .. ion rega rding ~ne Forma• ion of nickel carbonyl during plasma arc 
cu:- .. ing fowarded by NRC Le~ .. er da~ed t·1arch 20, 1987. 

AcJdi .. ionally, CPU Nuclear leHer ''410-86-L-Oli&3 da~ed Augus:- 27, 1986, s~a~ed, 
" ..... he ga ... es ~a be used wi ~h ~he plasma arc :-orch, ei~her separately or in 
combina•ion, arc ni ~rogen, ca rbon dioxide, and argon ..• " G>U Nuclear is 
currently p lanninrJ ~a use ni .. regen for bo~h the primary and secoooary torch 
gas (i.e., ca rbon dioxide will no• be used and use of argon is unlikely). The 
off -gas rl' leases from ~he use of nt•Togen are currently being evalua~ed. Any 
safety c• r~erns :-ha• may ~rise as a result of this evalua .. ion will be 
rHscl'-;"'t!d ur.Jer separa ~e cover. 

. FR~ 'C.:U/cml 

Sincerely , 

/I A.'J/J~;.(' I:.--
F. R. 5'dt~C1lCL 
Direc ... or, TMI-2 

cr : Reutona l AdMini.s::ra .. o r, Region 1 - w. T. Russ·~ll 
Direc .. o r, TMl-2 Cleanup Projcc• Direc ~ora .. e - Dr. W. n. Ti Jvers 

CPU Nuclear CorporatiOn IS a substd tary of the General Public Uttllttcs Corporation 
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01 .Janu..Jr:l 70, 1987, CPU flucledr respond~ l ~o r~PC concerns rc::gHdlnJ ~ he use ot a 
plasm'l r.1rc ~ arch ~o r:-u .. fuel assembly upper end fi ~ .. lngs (Hefen=nce 1) . !.n ~ na .. 
response, CPU llut:lPar aHer.p .. l.?d ~ o derrons~ra~e .. ha .. nickel carbonfl ~ oulll 113 .. 

presen .. J _.,Jrker safe""y concern d;ring cu ... ing op~ra .. ions . H.:r..-~:v::r, Nf-C Lc .. ~ ... t 
d-J~f"'J March 70 , 1987 (Refen:mce 2), requ,s• e-j aaai .. ional informa .. ion regaraii'YJ •t1e 
uerv::ra .. lon of nickel ca rbonyl ~irlCe .. ~ Janu::~ry 20, 1987, G'U N·Jclear subrri ~ .. ill 
apparen'"ly di1J no• adequa~el; address your concerns. Specifically, your l·~ .. ·er 
s'"a '"es .. ha'" " ••• '" ht:::re ;Jre 1i .. era ~.ure refererv:es which indica .. e a po .. en .. ial for '"he 
fiJnna .. ion of nickel carbonyl. .. 11 1 .. was reques .. ed .. ha'" GPU Nuclear " ••. provide .. ne 
s .. aff wi ~11 adequa ~c analy .. ical da .. a ano li ~era'"ur•? references describi n<J •he 
chernicnl processes !"ha .. affec• •ne forma .. ion of nickel carhonvl '"o fur .. rer suppor'" 
your posi .. ion !"hil .... his cor~ound presen .. s no safe'"y hazdrO. 11 Th~ follo o\in~ 

discussion responds •a your concerns and suppor .. s CPU Nuclear's posi .. ion .. 113'" 
nickel c 1rbonyl will no'" pose a worker safe•y problem during plasma arc .. ore, 
•:u .... i ng ope r<t .. ions. 

1tle r•'?sponse ~a your concern is organized as follows: 

L. Surllnary of pt:r .. inen .. cherntcallphysical proper .. ies of nickel Cd rbonyl, and 

LI. Discussion of ~ecMical da'"a and e.<is'"ing anal}ses repo1'"ed for higt1 
.. empt~ra .. ure cu'" .. ing and welding op~ra~ ions. 

[. r:HEMlCAL/PIIYSlCI\L PROPERTIES FOR NICKEL CAROONYL 

Thf• chemical and physical proper .. ies of a compound provide a general oasis for 
an'"icipa '"ing .. ,,e bct1avior of .. ,'la~ compound in a given envirorrnen'" . Conse­
qut~n'"ly , behavior ir.consis'"en .. '""i '"h a con·pound ' s chemical/physical proper'" ies 
<;t'()ul'J ue regarded as unlikely . The following chemical/physical proper""ies of 
nickt?l c trbonyl provide a basis for .. he conclusion .. ha .. nickel carbonyl is of 
minimal concern relJ'" ive '"o worl<e r safe .. y during plasma arc .. orct1 cu'"'" ing 
op~ra .. lons. 

ror'"icularly no'"ewor .. l'ly, given !t'le mul .. i•'oMponen• solu'"ion chemis .. ry of .. ~ 
TMI-2 ree~c'"or vessel coolan .. , is '"he fac'" "' ha "' .. he forma .. ion of nickel 
cJ rbonyl is no~ .. t'lermodynamically favor~d. Nickel compounds such as bora .. es , 
h.~lidt•s , e'"c. , a re more '"her~d) '"lamically favor~d than carbonyl forma .. ions in 
.1 ::~ul '"icompont~n~ sys~em (Refererces 3 arn.J •1). HO'flever, if i .. is assu"!1eO '"11a .. 
nickel c.1 rbonyl is formed durin~ under~a .. er plusma arc cu'" .. ing, .. 11e chemical 
arvj pt1ysical proper~ ies li s .. ed below argue agains .... he presence of nickel 
ca rbonyl .Js a concern '"o worker safe'"y. 

l. 13oiltng pain'": ''3°C (l09°F); r-1el .. inq poin .. : - 19.3°C ( - 2 .7°r), 
(Heft•rcnct" ~) 

s. Spec t f ic GrilvP} of Vapor - ~ . 9 {Reference o} 
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d. Compound oxidizes in air and is increasingly uns~able thermody­
namically wi :h increasing ~empera~ure in air with very rapid 
decomposi~lon a: 100°C (212°F) (Reference 5). The decomposition 
ra~e (i.e., life-time) in air at 23°C (73°F) is 60 +5 seconds 
(Refererce 7). -

b. Au~oigni~ion tempera~ure reported to be approximately 60°C (l40°F) 
wi th reports ~hat vapor forms explosive mixt ures with air or oxygen 
(Refererce 5). 

AssuJning .. ha .. nickel carbonyl is formed under water (reactor coolant tempera­
ture approximately 70°F): the boiling point (01) and specific gravity (02) 
would dictate ~ha: i~ remain a liquid and sink. Assuming further that vapor 
was transported to the coolant surface: the vapor specific gravity (03) and 
compound reac:ivi .. y (D5a and 5b) would dictate that it remain near the coolant 
surface and chemically reac t (i.e., oxidize) or react wi th the oxides of 
ni~rogen present as as resul: of prinary/secondary torch gas reations . 
Therefore, on the basis of the chemical/physical properties of nickel 
carbonyl, i .. can be reasonably concluded that the potential for creating a 
safe .. y hazard for workers during plasma cut:ing is small. 

II. rECHNICAL DATA DISCUSS[ON OF HIGH TEMPeRATURE CUTTING AND WELDING OPERATIONS 

Nickel carbonyl, Ni(C0)4, is given a TLV/TWA = 0.35 mg/m3 (as Ni) by the 
American Confererce of Governmental Industrial Hygienists, Inc. (ACGIH) 
(Reference 8), and the Na .. ional Ins:itute of Occupa .. ional Safety and Health 
(NIOSH) recorrmends its regula~ ion as a carcinogen (Refererce 5). Conse-
quen .. ly, the po .. en .. ial for nickel carbonyl ~o constitute a health hazard ~o 
workers during high ~emperature rnetal cutting/welding opera:ions of stainless 
s~eels has led to conservative speculation and data interpretation in the past 
(Refererces 9 .. hrOu:Jh 12). However, recently published work, surrrnarizirtg 
ex .. ensive studies by the Interna .. ional Nickel Company (INCO) on this issue, 
provides a clear and definitive demons:ration tha: nickel carbonyl is no: an 
i ssue of concern during high ~emperature cut:lng/welding opera~ions. 

rhe INCO work Slftrunarized several years of .. es~ing, analysis, and evaluation of 
da .. a from high tempera~ure me~al opera .. ion (Reference 13). The s~udy was 
primarily undertaken to ascertain if nickel carbOnyl was formed during ~ypical 
high .. emperature welding and cut .. ing• opera .. ions. Secondarily, it was 
des igned ~o measure CO gas concentra~ions (CO is required for carbOnyl 
forma .. ion). During the study, a wide range of welding processes, as well as 
plasma cu~':ing, were examined. The majori~y of ~he base metals used during 
.. he s~udy were or high nickel content (e.g., Nickel 200 , Inconel 600, Incoloy 
800, Monel 400) ul .. hough 304 and 316 s .. ainless steels also were utilized . The 
.it•j~t. . .' lu11 ul d CO '--Uvt:l Qd5 n05 Crt,Jluy·cd to i:-r::rc.u:;c the pG~C~~.i~! f~: 
carbonyl formation. The study involved use of continuou~ moni tors for: 
1) Ni( C0)4 by a chemiliminescence analyzer with a detec:ion limit of 0.1 ppb 
of Ni(C0)4 in air and 2) a CO analyzer wi .. h de:ec~ion scales of 0-100 and 

"Reference 13 presents .. he ~est resul .. s for MIG and TIG welding only . Test resul :s 
for plasma arc cut '-ing have no .. been formally presented. Howeve _, they do no'­
diffe r from .. h:lse for MIG and TIG welding. 

-2-
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0- 500 ppm Ni .. h an accuracy of +5% of scale . T"le cu .... ing/w-elding was perfo~d 
in a welaing chaml1~r ana ... he geno.?ra .. ed fumt!s/gases «t:!re exh<lus .. ed by fan 
.. tuouyh a fil .. er wi~n .. ht? con ... inuous rTw:ml .. ors for Ni(C0)4 and CO loca .. ed 
jus• downs .. ream of .. he f il .. f;!r. Tt1t? resul .. s irxJica .. ed .. ha .. nickel ca rbonyl was 
nonoe .. ec .. able in .. lle rnajori .. Y of cases . ln .. hose few cases where de -: .. ion 
occurred, i ... w~s a .... he d~ .. ec .. ion limi .. (0.1 .. o 0.2 ppb). The .. es .. resul~s 
suppor'" "he conclusion .. h-3 .. nicke 1 ca:bonyl ( TLV/TifA = 133 ppb Ni(C0)4)) 
does no" presen ... a concern for workP.r heal .. h and safe'-y. 

Thus, considering .. h~ basic nickel carbonyl chemistry and .. he da .. a collec .. ed 
and evrllua .. ed on 11igh .. crnpera:-ure me• al opera" ions by !NCO, i .. may be 
concluded .. ha .. nickel carbonyl is no .. an issue of concern regarding .. ne 11eal .. h 
and safe .. y of workers during plasma arc cu ..... ing opera .. ions. 

-3-
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