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FOIW'ORO 

lo1'1•o uier;y .a.ad utt-d.d ~ sourc•• a:·• • xtr•ct-td, proce,n d, conv-crted 
and uud, the re lated pe,Uut ioa.al £=pacts on our erwhot¥1Cnt and ewn on 
our ht.alth often t-equire that acv uid increasingly «i0re efficient pollution 
control ixthod• be u1ed. The ladust:ial Envi roa:iental Research LaboratOr / 
CiMinnat i (l£RL-Ci ) •••i•t• in developing and decionttraticg nev and 
i•proved Mthodoloai•• that vi ll se•t these ~.c•d• both efficiently and 
tcoao11icd1y. 

~ts report , .. ?vduation o f Md .nt.1oa.::c.e !or Tusi:lve 'li"OC' t=iuion.s 
Control:• c;.uanti!i.t l t!M c!!ec tivt=eu of sU;ih: Ol'l-lia.t :illntcnanc:1 !'Or 
rcducin1 !JOC eo.i,aions f: o= in-tia. valve,. The overall e!fectivcn• •• o! 
an in1p1ct-ion/oaictel'u1nc1 progt'ac vu ex.1111.ined by atudying : the i:=tdhte 
reduction in mas , cci,aions as• raault of maintenance, the lona-te:-= 
••i•• lona froa thoae valves which "'re maiut•ined, th& recurrenc• rat • of 
le.tk• ! r-o= vdves, a.ad th-e: rue •t 'ihich M"' leak• occur • (or both valve& 
and puc.-;, suls. ?be t!.:x :-equi rc-d !or 11:-pl e on- li:ie =aicun.1n.ce "•• 
also studied, :o aid l a the es:i=.atioa of :ai~tetta~• co1t, . 

David C. Stephan. 
Di rec tor 

loduatri al ?nviror:meac,l a.,oarch Wboratory 
Cincionad 
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AUTRACT 

TIM U. S. UA Office of Air Quality Plaani Q& ~.od Statldard, (OAQPS) 
bu th.- ruporuibility for !or=&ahti:,a regulation• fo r tte control of 
lusit!ve ee.iulons of voluile orsaaic coopouoda ( ¥-OC). "Tusitiw eaiuion., t• 
.. a.nl.ly refer• to the di!!uu nleau of vaporiud hydrocarbon or ocher 
or1aaic COllpOundt . Fugitive ••itaioa., orisinate from equip11111nt leaks•• 
-.11 u lai-·s- aod/or diffuae tous:ce, . The •tudy npot't.ed here vu u.odercaken 
by tbc Office of lcsearcb a.nd Dtvetop:r,ent to •••i•t ~PS in the develo~nt 
of rcpladont . 

th4: 1roject vu dasi1n.d to quantify the effactiva04•• of r-outin. 
(o~liae ) ui-nceaaace in tha raduccioc of tuaicive voe niuiortt fro= in­
Une 'l&lvu . An overal'l miuion rduction of spproxi=atdy 70% vu 
Khleved by ciahcening cM bolt• on cbe v1 lva packing gland . Tbi1 level 
of contt'Ol va1 11.1.ttd.oed for 1.ap to •bout dx 110ntha. The rate, o.t lealt 
occurre-nce tnd rec:n ·-:--.nce wre al.so ev.d uaud, u wll u the tine requi red 
to cooduct the oc-li:,c ubtencce , 

!v 
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IC:.!OO .leVltl: 
!:i.di,:.stu 

CtOSSAJI.! 

A sc.:-ee:rl:11 va.l\le cbt4!.:•d vh:h & ~oni!:>lc WC :onf.: o:- '-'h!.c.b 
t?i.• :i.eed to: r.p&.!:. 

••dit'e,:ud. =a.1:lt1.c.a:tca"! S..!•r• :o .a. valv11 =a!otUl&:Ce proc•dun '.Jhe:e":>y c.h• 
bydroc:•rbcn det•c:c: t, ~till:ed dur!o& =ai~te.na.nc:e. Th• 1••k 1• :oni ­
tcrtd vith the t=•c:ru•ct uctil ac forther reduc:don o! luk :I.a 
ob,e:ved or :be valve Item roc:.atica b rtttrlcte:d, 

fuP.dve \"OC eS.U.si~: C.c.ua.lly nhu to th• d:Ufuu :-al•"• cf -:a;:od.ud 
b.ydr0<a..~<m or other o :ia:o!c cc:p,:\::1(!.s. fQtit!ve e:duico.s orlg!:aa 
fro~ e-q_uijl:::aa: le.aka u veil H hri• .nd/ o: dc!Hu.s• •o\lrcu, 

tnit·i&l ,cru=t=c value: btera tl:I th& :a:rl:u:. t't?Ut.1bh hyd.r oc:a:-bo~ o:o:i­
c•t1c:at1on obabefi !rom .a tou:ce C•·t· valve . pu.:;,) duri:ig ::~• !:'l!.t!.ll 
ll:Dit visit by .a tcreec.ios tu=, 

hU rate : &e!e:-s to th• &etu.a.1 .:us e::isai.c:1u !-re: 4 sou r e -. vt:h :eapec:t 
t o ti=- ~d- cc be r-t!er.-ed to u eb• •.:J..uice rat•• 

=a.1.uucanc•: for the p,uqioH of tbi• n-udy :.a.i.:i.t•na:ice :-e/an to ;2.c:icr. by 
pl.&at l)er•O!ltld 1:i. vh.ich u a .. uii=•d vork•: t!;httt.s th• vd-n y,u:kins 
Jl-&:&d ;,ranur-• ;,Lace Ntm:--io:i. ~olt• =~t• vi:.h a vread, to !ut he:- co=­
?ncSs tb• i>•dt:i::IC :aurl.a.l a..-o=t th• valve ate:. ~d uat, 

occu.rr•nca of a leak: th• appearance or 1A1t1at1cn o! a !...UC. !:o:. a aou:ca 
vhich bu act p:•vtous!.y ~ .. n le.a.lcifts, 

OVA: &.!au to a por.:ai>l• hydroc:.arhcu dauc:.icc 1::.•t:i.:=-ot (or1llll!.C vapor 
m:.alynr) zuu!ac~:-.d hy Ce:1t~:Y Syaa» (;,.~ J.::a!.U•) , l:. t.it!.li:.u 
a !La::ia ,1o:i.1:ac:1on ds:ac:-o: (:l?>) a:d .a: &!: ;ii=;,. 

p:-ocus st-nu: 1·:-ccu• !luid au.c.h u nact&Dts. i:te:-:iediaca p:od.ucts , 
fi.ual product a, by-producu, n c . th.at 1a coct~ned vithi:i ;,t1u in & 

procau w,;ic, Stea=, vacar , .aJ.:. and och•r t.itility lina• au not ci:m­
aidand to be pro-c,u at:eam. 

prce .. , u=.it: 1-f:ars to •\u.ipmll.t uu:bhd to ;,:-codec• an oria.a.ic ~':.e:!cal 
u .ca 1:lter:.di.u• or !-!riil ;,:odct"t, 4 ;,n,cus =it can op•n.u. 1:3:da• 
?c:i:ufaot.1y 1! ~pli.d v1:b .tu!!ic!•:t !ud or :-r.., :aurlili md su!!!.• 
d.ant a :ora .. !acil!ti•• for th• !ioal product. 

racurnnt htk: 1-hrs to & la&k. vhi~h •'PP••rs It sou t.!:a 1ftt.r th• luk 
bu i.:litblly ~ .. c :ap&ir.d. 

• 

• 



:epa: r: for c.he p,n70••• cf ;.h.1.t ttudy ap.ai= 1.s adjuat::.e:=: :ir a.lc. rat 1co o! 
a v.al·re. vtlic:h :aduc.u : h.• scrU!)1:li 'H.lt:e !,:o= ;N.a::a: the or •ctutl ! O 
10. CGO pp,:v a h lov 10,GOO ;,peY, 

:.p•at ,c:r•an.i:ig valu•: R&!e:s eo t h• =•xi=:1:= r•;i~~tabl• ~yd: ec:arbor. conc•:i­
c:aticn oi:lu:vad dur1:i; tubuquu\t t cr • u:..i:lz of a prev!otl.91;, scr••nad 
aourca. 

1, acru11101 : Ee!en co :ha .ac: o! : ,u,ur-1.:i; the. hyd.rocad,en ccm.c.■.a:ru!oc o f 

I · 

a aourc:e vt: b a por:.a~le hydr oc:arbr- de:ec::or . 

acru:Un; •1&11:•: Th• :axi= repaat.abh hyd.:oc.ar~c= ecncn:r.a:L:ia ( 1:i 'jlfo-,·) 
datec::ad ai; ~ source Vi.th il ;>ortibh byd:cc.a:bc,c datac:o: (s\lch u • 
i:ar.c:u.ry 0:Janic '.'a.por Maly:.r or • hch.1r11ch n.v Sni!!e.e) vhih era• 
vu·sing v1.th tha i.n1t:'\l=e:1t prob• a rot.:."\d dl t1\a poten:i.d . luk ;ioio:s 
of : .be sourc-e . 

t curca cypa: !&!ers co ~rcce~s = it aqui;-...t:o: co~;oe•ccs •+.!~~ e..ay •~: 
tu&it!Vll. ~st.ens, Co:=:t •~re• :.y;•• c! !u1' t!.•1• e:i.uior:.• •r• 
valv••• pu::;> ••ala , fl~oge , , co=;,rtasors, couplin11 , etc.. 

sceti•tical.ly s!.p1!1e a::it : t:p! i•• t hat the varla: ton t= ~• dat• is net 
Just due : o u=:pl!.=t o r cdytiu.l e::o :-, bu.t that :hat• !.a & a&l d!! ­
f• n::s.c.• be:vuu the .ac.:"J..&l :u1.1lt cd •it&.: vu ex;;ec:.et t o ha;,;,• = by 
chance &l=•• ~1:h ._~r ,caci,tical :.u: :.ht:• !s a l •~•l o! \l:lce~&!...~­
t:7, uiuilly edlad th• s:!.g::J.!ic.&1::1cc le·rel (c levd) . This t, :be 
f'tobabillt,y ot dec.bd::i : b.ac th• dl!!ere.nc• 1-• rul 1.1t-.en i::,; hct f.t 
b 11.ct. 

tattd.::i.1: re.fen to th• ?toce.dure o! •nclcs!::1 :he s ource lu.k !n an !::•r: 
1• plu:!~ (!fyb:', Tedla~) etu:losu:e. Th• u::;,H.:1 ::-ab iS cOMec:ed 

to : M e:::lo•u=-• • a:id : he !u&J,:1..-. e.:.iu!co le ak a :• U :ie.uu:•d-

,, 

I ' 

. 
•• 

n.v '"ScJ.Har~: , .. tau co a po:-:.abh b:,d: oc..a~c::. d~t•c:!cn t:..s: :-.i:::c::: :.acu­
! actund by 3achanch, I::c. tt u.us & caulyti c d.etec:.or ac d .li: PU:'?· 

total h)'drocarbo:ia (TBC): 
ccm;i,ou:i.ds detected UI 

A ,ui=a.t1oo. 
• sac:ph of 

of th~ ccnceatraticn of 
the fog.id,,,. ~1uiocs . 

dl oi-;anic 

_ er,,• o! H .:vi.:.e : 1At.n :-o :h.e ,1:iyt!c.al • :a:a (au, Uqu!,:!, or ~otb) o! 
d1• :ac-eti&l( s ) c o-c:a.!.:=ed ~ a sp•cH!c. ;,,!;i•l!::41 o r 7U.sd . 

volatile organ!.c compound (VOC) : ~uc, a17 o t-gan!c co::;,ouad. vb!<~ put!.d.­
pecu 1a &t.::o,pherie phot::ich•::.ical. rcae:: 1cos ; or •-,bid:. 1' i:,u suad }y 
bhrt.ac• ~thod 21. 

xi 

•• 



..,.iahted P•tc .. ct :-,duct.ion (lnl) : 
..t.u1ocu vue :-td\:c.•d ~• .:o 

• "., .. . st ]..,,..,_. ,~1.u1ons. 'b-, ton 

f 

kl clt1:iatt o t the ;,• tune t.bat t he total 
::&i:tte:l<&.'\C•· 

• 



The U.S. tl"A Of fict o f .Ur Qual!: 7 ?licn!.n& and St~odard1 (OAQPS) 

!.s C\lntn: ly !..,. :::• ;>rocus ~! : o~bt !.:; S'r-· Sour c • ?•:for:a.ec. Su::d&:-is 

(~SPS) ! o: :la c.c:t:ol c ! !-.;;.i: !•1• c .!.u!.c.r:.s o! voh:!:e c-=,;~i= cc:pc~!.s 

(VC:C), ~!.s .s :ud1 vas 1.:::.da: t.U•n ~Y th• C!i!.c ~ of lesea:cb aed Dcv• lop: co: 

to aui.tt CIAQ?S !.o t h!& e!!ott . TM,s vo: I. effort v•~ i:lt•~ded : o dev•ltor 

ct.La t o dat•:-:ina :h• o!!ec : 1v•r.••• ct :cuti~e (on-!!.ne) :..a.!:i.:e~anc• !.: :~e 

!'•tuct!o:i. o f tu,i: !v• '•'OC c.!..uic:1.s !:= i:.- li:le '..'&!-/u. ~• '"•tall 

•!!•c:1-:~us o! u1 inspec:i¢o/=a bt• e u:ce ;,r o;:•.:, v•s e .<~bed bv s:ud·,inz.: 

• !.=•di•t• •c.!ss!c:i. :educ:1on du• : o ~1nt•=•=c•, 

• th• p:opa;.at!.e.::. a! t!:.e l •ak.s 3.fa r 1:.2!.nte r.eice.. s.~d 

• : ~• : a:• ac wh.it~ r.w lu.k..s cc:u:, ! o: bct!'l ~~s and •ra.1':u . 

:".:=..is r epo:: coc : .U.:.s t ~...: .. :.ajo: uet !¢:ll a.od !!.•1• ap;>er.c!!eo 

plu.a a rll1'•••~c• 1ec.t!oc. :be :.ajor e~clus!.or..s of :he ;,:og:= •=d th• 

11an1.!1ca.::.t ruulu •,1h!ch 11,1~po:t t..\ua cooc!~a!c r.s .1t• ptoen:•d !.n 

Scct!on t , The d•tUltd resul t s and l t4t!..stica.l a..naly,e.s are ~:e,entad 1:: 

S•c.t!«:i J . The v•:-!cia ex;,.e:-'...:)t.::t&.l ;>roc:ei:t:.: u !.::\•ohad i:. this p:¢J•c : 

._ .. , duc~!:e:d !:i A~;,-• nd!.x .\.. A;J;ed!.x J c,:,:::.a.!.:.s d•t Ch c:i. <:aa handl!.::; 

p?'oc:acforu. Qu.a.lity C¢Ct:-c1 p: ~udu:u .a.::.d results ca:a duer~ec! t:i 

App•nd!.x C. A de:a!lad d!sct.l.$s fon o t =~• s ta:i•t!c&l cc: side:~:!~n• .1:-.d 

t coat..ti.ns :-~0-11ay tabl• data s••-•r!u i,f sc::-ee:d.::..; •.ralues. A cc:pla:e: 

prua:t1t&t!c.-: <i f : !l.• da:.. i•tha:a! !or .a:&.111!.s ! or thh ~: oj•t: c..&A ~ • !cu:i.d 

Tl:e scrunin& d ata 1.:ere d• ve:loped ,,d:h both the Cc~-: 1,1:y Sytte1:1s O\.'A 

and th• Sac:h•r•ch TLV Sniffer , but 1:101: o f :he •n•l Y••• pr~aent ed in t h i i r ti>0r : 

l,IH the <11A 4at& to tN consistent v it.b o ther studiu in d :e::iicd ;,h.nt s. 

l 



2.0 ~~Y or A!St"!.:s 

Sevud t=;ior:.ant !iDCio;s .esul:•d f:c::. t.h!.s l t \l.dy. Th• si3n.i!· 

. icutt t'nult• u• ~!;hl!.;htad ln tbis section. A :ore co=phu 'pruenta:!.c r: 

• of the ruult• of th.i..S procrz= is ~cluCed i:I Scctiee. J. 

2. l 

'n\t•• .u:peCtl of the e!!ect o f vd•.-e m.aint•e.•~c• on foJ!t!vc 

c:is1ion• ~•r• St \l.died : 

• the. 1=:4d!.u:e •!!ec: i,.ued •• :.e:uu:-td l eak rate•, 

• , .. loe.g :u-: t!hct ei.ued •• :e&surei! !nit r a tes, .,,. 
• :he !=•dhtc • !!ec: bucd •• sc:-ue.i::.. v.t.lucs . 

ADa.lysis o! :~• '-•d~t• tf!ac: o! ; a!.:: •n~c• usit.i ~eaaured 

luk ratd ,rcd.uc,ed .a:: cst~:e of 11. l! :•due:!~ U'1 !u1!:.!•1• ciss!ou 

(9S% co~idtr.c• 1•- •:s c! 54: :o sa: ) !.:colt!.attlr .af:er ::.1.!n:e:..a~c•. 

t..ate.r sa.:pllcg o! t.'i.e ::.l'!:tta.!:ied scurcu : o study th• lo-n; ta:-= 

ef!ec: o! c:.ai:ter~c.• i.:uiicsted t..\at : .he aduc-:.io:t ut!.::&tu ob-:.a.!.:ed ! or 

>Jalys!s o! the ~ediate e!!ac: o! =•~tce.&nc• ~• ••don scrttn!n& 

d..ata md ua1D5 .a 10, COO p;,::.v act!c.c level, produced L". uti~te of '2!L9: 

u c!uc~ !ll the. :i.t:::le r of h .uil:lg sourc .. as .a : u\l.lt of the :.a.1::it~.A:tc• · 

This !:d1~t•• th.at 71.:: ot the l•~• aO!J:c•• co~ : o t be :•pair•l <~+-•: e 

n;i&i.red ta c!d~ u ,crHo.i:tg <!0,000 pp:v 4!:er :.a.i::.:ea.a::.u) . 

2 



2. 2 Oc:c-ur.-e::.c• o! t,,,u.iu 

The : ace of occu:~encc of 1• •~• vas s:ud i•d u1ini those puc;1 

ud va.i'.vu :hat i:i.!:hl.:.y sc: uned u <10.000 ??:V and 11hic~ vert co; ~1::.­

t&.ined d~r t=s :~• ?roJec:. kl er;,cce.~:ii l ::OCel va, ! ! ::•d :, t::.e tac.a to 

d.eve.lOp occu...--:e:::ce :1.:• ••t!:.ltcs. Th• :uui :!..:i.s u:!.:=.a:e o! : ::e oci:ur:c:,;c e 

ute al:u JO days h 1.3:t !or ·..-alvu v!th a 9SI ccn!idcnu i:!.terzd c t 0. a 
c.o 2,U:. For pump teal1. the lO- Csy ••t!c~ted. cccurrer.c• :ate!, 5.5% 111:h 

a 9$: con!!denc• intt rval c! 2.1: co 10:. Th~, . s!ter )0 days f:c= :ha 

t!:.• of 1c=-er" .. &, l.J: o! :..\a ·,tl·1u c.d s.s: of :!:.e ?'-='? 1u.ls •.ih!.:h 

had 1c : n:1i:g ·.-tluu <10 . 0CO ;:,= i::. :~• 1:.!t!tl sc:u::.!::.g c .a..--. :e e.x;a:c:e<! 

?.J 

vu·• : epaire.d d-..:'!.::a ~!:i.tec.a::.ce. • st.lC.!H!ca.l ccc!.al. ..,._. !!.: : e<: :c t~• 

U ea t o d•v•lc~ : ecu:-:eoce r 1.t c esti=ace1. n-.e resul:!:i.; •~ : !.:IA.:• c! :he 

rcc:urrence r:a.a of lulu !or val·1u lO days a!ttr r•;i•!: ,, l i. !:: \11th 

... s.p'jtr OX!:-&te 95! cocfidente: 1-::e:-.;d o! ; '. ·- :o Ji::. The :,c::: ·•a:T.ce 

':'&t• to: luu " ~\ !.!.iber 
"'"' 

:.::., occ-.:..::-:~ce : 4:.&. 

hLl: 101:i.th.ip1 bec-.1,,n sc:een!.t'lt values .i::d ~uuaC le.a.k r a:.u 

vcrc utabl!J::.Cd fa r both t..\e (J',11,._ .i::.d :h• T9:i.V Sni!!er. Se;:•r•::• :ot!d.1 

vuc d.•• e.lc;e.d t or P\.:it a<&&l-s, ·1.alvu tn. gu u :--..-!,a , u,d val•.-u !.i\ Uqu.!<: 

scrTi ce, ~!~c• st.it!atica.lly a! .:i.!!1c.an:: d!!!e:•oc•~ tc the ::ic:del.s ..,,r, 
!ound b•e-.1een :hes, ca::,1or!u , The 110;,e a od i nce r ce;,t (or the v•lvu in 

the l1quid service ood•l were found co be statistic~lly differe~t !ro~ t ho•• 

frocs t M re.!i eu -y stuUy (&e:fcan,:e 8). T?,e ;::,ucp oodeh were aot !ound to be 

aut1.sdc.al.l7 d.i !!e:•::t, The s .!.~;,c !or ::he gu sc:--ric. -...i-,u vu ~ou.~d :~ 

b• aut1.st:1c..ally d.it!,r tnt ! re: ch.a:: d.-,eloped to t!':c :eticcr:,r ?Mjec;, 

but, th• intercept esti.:la:.es ~r• not 1t•tiatical l y ditterenc. Hovev,r, 

~roj,ct con, trai nt s d id not pemit a thorough cor:ip, r tson becveen th• r1-

tadonthi;,1 develo~d in thi• acudy and those !roe t he r t:fi nery project. 

l 



2.l 

Th• tit:.• !or =ai:l:enanc• of val·1e.s !.n tbit stu~y ,1ver.s1•d about 

tu !'d.:.u.tu ;i•r v•lve. !-'~!::c~c• du:i.::g :h!• tt.;-dy ·.:.u ru::1c ted t o 

t!c,"i:e:-.!:s ;,,ac.lt.i:1 sh.::.d b,ol:..s . Th•o ·.:u eo d!!!t:t::.:t i::1 :.he t ~• :e~u.!:e:d 

to !Sa!o:ai.c ~loct ~nd c~::el velv,s. 

• 



) ,0 0£TAtt!n ~ESL"!.! S 

Th• :ethodolos,y acd :ht :tsul:s ~b:s!:it d ;::,:. :~is st~dy o : :~• 

e!!tc:s o! -:.at~:an.uice o: !~c!:!ve e.:!ssi o:::• •:• ~:estn:ed 1::: :~!• se::!Q:i. 

S:atl.s:!..:s..l =• thods ~ !oyed to .ae..aly : e t~• d&a oba!.::td •=• ~:-!t!: y 

prut::ud !i:s i: i:i Stc:!on l. l, Mon de:s..iled t•ch:t!<:..al ut!ti~:icn coc• 

ctrniog :hose ~•thod.s is !ncludtd in A?P•~dt~ D. !ht : ethcds • • • 1nt:~duced 

!1:1t to aid th• r-e.a.de':' t:i !0Uov1n1 : he :a:ho-:loloty ·.aed : o i ntt:-,:ee: t!'le 

4.ata ,:cac:t:ee• 1:i :h• subs•quent see:10:1. 

Qu.a.:::t!.t.tt.!.·:e duc:i?tio:::.s c! :;,. • !!•ca o! =!:t:u:.a.nc• e:-. 

!ug.i:ivc cission■ !:o: valva1 as dete:-::ineC te :!'!is s:~dy art ;i : tste:td in 

Sec:!ons 3.2 a:::d 3.3 . Sec:!c:-. ).2 prtaen ts th• !ind!:t;s ~onctr:t1:t; 

l=ed.i..a:e 1!'!1c:1 o!' :..a.!::e::anc:., 1::d Stc:io:t 3.3 ;ia1e:-:ts thou !!.:n:!:!:::;s 

!o r tc-:,.-: ;itrtoda o ! :!=.e. 1&:t.s !o r occ•J:-:-.r1ce o! lea.ks ~ ::o::-lu.k.!::.; 

pu:;is acd ••l-1• ■ u:4 :a ::ll:-:t::::• of le&.it.s b va.l•,u •-'h!::h h.ad l)un l uk.!.:ii 

and ~•re : ep&ir•d • r• pre.seoted !c S•c:ions ).~ s:id 3.5. Th• :t!.a:!oeshi~ 

beLveee ac:nn!r:c valuts oOt sin•d ·~-it:t ;ior:abl• ~n!:e:-s u:d a c:~.tl ta.=?~•d 

l tak r~tes is shovn !o S•c: ion 3.S. F!~•lly, :.a!:1:•r.ance p:~cedu:es !.:: 

:!':.1..s ,:·= ; ar.1 o t .he: prac:!::.u appl!ca.bh ::.o val•,•• 1,a ~!11::uued, ar.C :~e 

:.t.:. Ct'Ciuirtd i:: :.h.iJ st-udy !o r ::.a!ccee.a::ce o! .,.,1•:u • :• ; rutoted !:: 

Stcticn l, 7. 

J. 1 

Tb!s u c:!on ;,:,:1vii:u • brh! desc:1.;:ioa o ! ::.he sa:.!s:.!cs.l 

~:l'..od.s e:iiploytd t.:; Se-ct!Ol'l .3 , A;ipl!ca:!or: o! :h.eu ::.:!'l.ods 1s also d!s• 

c1aud. 4pptr:d.1x O coauio.s deu,ile.d t!sca.sa!oaa o ! :.hue a::t.t!st!::.11 

i:itt!-.od.t. 

l.Ll 

Th• ~•!ahted ?ercen: Aedu.c:::i~n (~?R) i s ao ts:!:a::.e o ! :he per:,::: 

that th• total =au e:.iuioes 11en :educad due t o :aintenan.ce: 



"- :USS e:!nior.s ~e!cr• :a!ntu:.a::c • • ~:11 e1ss1ee.s .1!:.r ::.at~:1:·un.:e) ,c ion 
• r ma,, e.=.i.ssion~ ~•fo:-1 :::i.!:i.:u1.anc• 

Coa!idtnce 1nte:-on.ls for th• .PR vere ccna::-ucted by titting 1n 

appropriate : d.ist!'ibution after utitutill& the :a~ati a1:1d va:-!uice !or .a r.:i:1•:> 

::! n .ado= v1.rl.1blu. Thut !::e:-val 1 ..,•a 1J.Scd t, .. :ui1:!cal!7 coo;,er • :.he 

t=.d.1&t• e!!e-c: o ! :.a.io:eec.ce : or :he :~r t e ?~C•1 1as c: i"' ? •. U~i:!: 

3. l. 2 

I:,, ~&.17:!e& :~• e!!ec: o! ::.11:.:e:.a.:i.ce ~••don sc:eu!:tt ~alucs , 

:be perc~: c f scurcu rep&.!:td (? ) vu u::i.:attd tai:.i;: 

' 
P • Mu:tl?er o! n.pdred 

r Numl>er of 10urc11 acr eened ~10 , 000 
sour::,u x lOO 

vb.ere a :apa!ret! s cu.r:c :t!ers :o a sourct vt-.!..::!:i 1creer.ed ':tlo·.1 10 , 000 ?;i:v 

!-==-dtatel7 !ollcvini r.a.!:tteoaece (Sect!ce ).? . ?) . 

Co:if!.:Su:,c• te:uvals !or th& ?tr cen: of sourcu re;,a!ud ·.1ue con• 

atrJcted by !it:i.og an •P?~p:-!n• bi:i.o=ia.l di.s:r!but!oc. Th• 1.1."l.lt:i.ovn :n:e 

p•.rc:•=t of ,w:i::u 1:1 t~• ;o;,ul.uiea "'1!ch ·.reu.ld b• :-,pa.!:-ed llu v!:!'it:l :~t 

ccn!id•ac• l!.:1:s vi :h a.uoaabh c t::a!.=:y. 

J.l.J !xpou.nd.al Dhtrlbution ~..od,1 

iax;,oat~:!.al :odd va• u.a•d ::, .approx1=a:• :.i.t ~:t!a.l d!.s t't'"!~u!.!o-a o ! :he :!.:e 

to !irst OCC"Jr:'UU:• o! & lu.k. (met =~• OC.-:."J;TT•=c • :--a::. ...... ut:!:.attd !:-0:i 

6 



th• da.u using thi• aodd, JO-~-'Y• 90-da y, •r.ci 140- day occ'.Jrnnce r a tu br 

pt'Ocu• for valvu, pl,C'j) , uh. •1d•tu t:i gu Su"rice , v.abes in Uq,uid 

urvi,::t, block valvu, • .:id c or.:rol v.ah ·u ·.-e:-e u :.i~ted. Co:t'u;tot'.ding 

9J! c 0:1!!dr.'lt• 1:r.:er-.-a.l..s ! o: :.he cc.cu :-:-.. -i:t :-2:u ve:t .also cc:-;>ut•~ ")ased 

on 4 cM-sc;uar e dt.:•!!:ut!on. A su:ise.!:a: a,: ( T-rat!.o) ·a• per!o r-ed : c, 

teJt !or s1a:1!!cant t!!!tr•cc•s to occur.er.:• :a:e •sti::.a:.es . 

t:;tirlc.al d!s:.:!but!o:i. fi.=::ic: va , cc:;,u:~ !ro~ the liata. A co=,a:!so:i c f 

t.bt ;,l o: o i :.b.• ~!M.c a.1. fue.'! :.!,utioi:. ·.ri: h :~.a: o! :ht c i=-..tl.a:!•r• t.!s :.=!­

bu:ion (S«:i ~n 3.4) ! or=~• er,,cnectial :odt1 te<i:2:et th.a::~• •x;ionent!-'l 

d.ittribudon provf.dtd an tdtqua:t model for est!.:.Ati n1 oe:1.:rree.<a r~:;u. 

3. 1. !. 

Stct!o:i. l , 5, a :d.xtd d.h::i~ution m dd vu e:;, loytd , Tt-..!s :i.xtd :od•! 

con1iat1 o! a u..~i ! or.- d!1:•ibution ! or recurt'tt'.Ct ti:es ~!th !.:i !!v• days 

after rep&!r u:d en •X?O=•=ti•l d!1::1but 10c for recu:rence t i:e1 s•••=•= 
c~n !1.,.. days ~!a: :e:p&!:. 

Th!rt7-day, 90-day , .and 130-d~y rec~r:eoc• :at• •s~i:.lc•• we:e 

obca!lJed from t.h• c:t0dd, i:leludioa 9~% conf!de:1.1:e !oce.:--,als , i:i. ti~ih: 

!uhioc co : he occ\1::•nce nt• u:1=.acu re;ior:•C ~ Sectk,o 3. :., .\ i:: i:n:::?~:i.so::. 

ot th111 e:;riricd d!st-:!~u:ice v!:.h :he c'-=,:la:!ve d.btd.:~uc!~ ~o: : :a :.1.Xe.! 

:odel l=.d!c~t•~ :ha: the :!.zed di.sc=-!~ut!~ ,:ov!~•4 a:,. .adequ.at• ::cd•l !o: 

•1ci:.at1 . .:;. :•ctirre.:ice ,;ate.s. • 

Th• co:--rel.a t!oo. coef!i.c!.e :,;:. =r,• ! s a eu.::!ier h : ·.-u.:: - 1 .aet l .,,+:.!ch 

:aeU'll.tU t ~• sc-:eoath o! the H=•llt rel.ac!cnshi;> ~•t".1te e. t'olO -:i.:i.dc.: •1.arlo1blu 

x and y. ?.t .t.s Jpplitd tn Section ),6 cc ducrtb. che gocdness o! !1: o! 

••ch 11:i.ear :egre1aion of t.osi~ l t &k ta:, vs. Us 1, :.ean screen.ins value . 

7 



le th!• contut. :;
1 

ca.n be {Mn;i :-e:ed u the proj)-0:-:!o!L o! -:at.al ·.-a:-!abiH::, 

o! Log: l luk :lite :.hat ia •,qildntcd )y tos: 1 !le.an s.::ue:,,!n; Ydue. 

Th• &CUysh o! vari&:lc• ts " scat.!,:ic.a.l t.ec::'-"'11<;.u• th.:at separstu 

the va:tat1<m that i s pruent 1n a set. of data into excl1.1Siv• tl.l:S of squa:·H 

due to o:i• or ~re i~epe.nde:i.: variables and thee :est• hypochu•• ,1bo1.1: :he 

• f!ec: o! th .. • va~-Ablu oc t!l.• da:,1,. Th• :.e:hoc! •,1as uud to u:1:.aa :he 

T&r'-a:.ce c=;>o:.a.:s Ce•c:!~ed 1.::. ~r~~~ C. A :acc.!!!~•t!o: of :=is &::al71!s . 

c.a.lled t .he &!ltl:,s!s ef c~vui..toce. 1.S duc:-ib•d belov. 

l . l . 7 

, 
!'h• &:i..&l.ysil of ccva:-!cce !.s a: exte~s!c~ o! : he .a.:ulys!..S of 

va:-t.ance th.at &Jt.&:!Aes : he jotot 11:.e..a: t•bt!oc ?ic:·..-u~ t"J'O ·,.ad.:ablu u 

a .. !fecad ':,y oce or =:ire !!ld•;,•aclc."l.t var!.&ble.s , whe:-e cc• of th• t'.IC ·tilr:'.aQlu 

!a considered :!te t ep•::d•c: varlable t.od th• o:ht:r it ce:-_ed the c0•Ja:·!4ce. 

Tlus :i.tllod vu applie.~ UI Sect.!ett l.6 to •~• -:he :-eht ic-nship be'!".IUO 

claa!(X'.l :-a:e (d•r•:i-4•:t var1•bl•) .a.i:d e!thcr OVA o: Tl,7 sc!!!•r ~= scre-.=iz1 

Y"aluu ( CQ'Y&:-1.atu) . u &!!•c:ted ?>,- procua (c.~• . c:.hylm• . a::C:. •1!-;l 

acaut e) . aetvi.ce :n~ (&•• •~d li~u!d), and 1curc• tr,ie (valves ui.d pu=~ 

• e&l.s) . Tb• r~•u.l: s o! t.hU £1U.lysis ver• u.sed to dete:-::t!:i.• vh•ther :~e 

~ar :•er•••!~ :e1At!c:sh1? b•:v•e~ Lo&t t l aa..k r a t e •M Logi: :::.m sc:eanL~i 

val.ue re:a.io•d :l:.e 1.a.:.e !or • •r!oua i::i-..:i!:at!oca 0! ;iroeu,. urr!ce :ypt, 

and scurca rn,.. Se p-&r,1ta ll:icar r-tJrt:at1c= t q"-lt1c:i.s ve:a i ub••~t:e.e.tly 

f:L t for u.cb. cc=bi:l-at.!on yielding a s :a:.bttc.ally sip!!!ia:r.::ly di!!e:e:i.t 

ug.nuton 1.:1.ct !c: L.o&:; !ul :au ·is. Loait =:can sc:u.o!.n; value. 

straight l!:1• through a ut of d.at-4 ;o1.~: s (pairs of valuu ot t-.n:i var i:..1b lu). 

'iha purpo•• ts to be abl• t .o pr•4ict valu•• o! ooa va:iabla froc thosa o! 

a 

1 
I 



th• oth•r· The hut • ~uaru c:iterio:,; .., .. used t o obt.&1..'\ u ;:-ar.:.c. !i::ed 

l int• !or th• :es:11s!en o! Los! ~ l••k r.att vs. Log ~: ~• .a::. sc:•1ning value 

(OVA &:1.d n.v S:rl!h:s upa!'atth) , tor uc~ ~ f :h.t .i;,prep r!.aa c<:-:bfoat!or. .s 

vdve-a 1n p• s.:-ric:1. Su Sttt!o::. ).6. 

J . l.9 

A scile b!.11 cor:1c : !or. 1sc:or is a s :.a:!s:ic r•~~!: ed to obt.a!r. &n 

c:bia.ud u:i=a:e o t the :e.c 1::. :he ll::.u: (o -d.ii;.1 1) 1c.a.l1 ·• ~e: :11:• u!:::. 

analys is !s per!or:.d !~ th• log.arith=-!c scale. I:s use :AY ~• !ll~s::.a:ee 

by an 1x:1:.1l• (Section l.6): ror pu::i, 11als, :~• l i n••= :c;:e11!on equa:!on 

for pttdict!:1.g ?.og 1 ~ hak ::ltU fro: t.c&l ~ :iu.n OVA ac.ru:i.!.:o •,•ah11 it ;h,.e::. 

and th• bi.as co TTec:!or. !ac:o:s var• 1,:1:a:e! t ~ be 3. 19 , Cc:nver:in1 t o :~e 

ll:lea: 1cale. :~• ;>r.tktion equation tor : ~• :~u.n (non•c.et!-,a=•> luk u :e 

bee~•• = 

th• U?Qne:i.c..t.al (1tw•ru lcprt:h.:i.) !uncc.ic-a to ':oth 1!.du a:<! t h e =ult!;it:•·~::is: 

by th• bi~• contc:ion !ac:cr, J . 19 . 

nt.r• a r t ••v•ra.i va7s a, .ai;>proac~ : t.e :~1.c o ! c.ia et'!•c:1·,u1.eu 

ot =iaiM.-n~act. Th• d1!!eru1ctatil'IS hc:c r a:a:,ng th• •,a:io\o.& aypro.achu ts 
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tb• u:i.du·l, !t'lg (iuutic-n : o b• ansva : ed, t! (he quu:ion is '"'.1\at is :he 

e.Hect ot e.n in-service i:.afa: e::&ec• pr ogn.o. en :otd e=!uioas ?" , :h•n • 

.cc:;,ari•Ot'I o! : he total leak :ate b•!o:e : aL~:enMit• ver sus the"total l•ak 

• rat• Ut•r -,• •:.eo.&:1c• vould b• a;,.i:op:!.ate.. 

Th• c;uut1oo, 'C.C"l -..""e.11 c~ laui."lg teurc•• be. ::.lU:a!::ed to 

tcru12.in1 valu• lb1:s 7", can be ca•,1ared b:; c.u!UoinJ th• sc:u~i::.g values 

i=oldiat•lY ~efore aod a!te.r ::.ainteno.nce . 

th.at the i:cat appropr!.at• =-•~u:e::a::.:s (sc:er.i.!:t v.slu• or l aa~ =~t•) ~• 

choun f : c:. th• :.£0.Y d.a::.a ,.o1:.ts colhc:ed. :'!.l'J:. 3 .. 1 1.s .s ::..:c l!:ie ,Ha;:a: 

thOW'i.~g the ••~u•oce o! ac:eetuoi value a.r.d e:.!ssions :it.ature: eott !o r :he 

val.vu i:i. t !:1!1 study. ~.t.a.su:e:ena :ad• dur!.::g :h • uc~nd Uit! t:'.i:d vh!a 

'IHre uu4 ~ ev£.l~ti::is : h.e lQ=s- t • ~ e!!ec: o ! :a.!::.: e::.a::1:;c. The 1-•~!.aa 

e!fec t o ! ~b:e:e~:u:a va.s e•tal ~t•~ using o::.iy !!:st •t!s!: :!£:.a. 

J.2.l 

To ~•r th• c;uu:.ie-::i o! '" .. ,-.at :., t~• e!!cc:. c f .a: !.n.- urvtce 

=a!:t•~c• 1ro1::u oa :.otal !~g!:.!v• e::!.u!on.s ?"' , t !l.c ·.--1,e:.ec! ;.c.r c1at 

• • 
<I !'.&SS t=is■ !.on• !.efau ~!11t. - L!'!a.u ~s11on., .U: er !".a!.:i :. ) _;;;_ _______ _ --,-___ .C: __________ __ X 100 , 

r~- Wss!eu ?ctort !"Abt. 

10 

• 



• 

e 
• 

___ c__: 

i 

I 

J,l' .. , 
~! 
.:Ill 

! 
l I 
.- s 

u 

• u ; 
5 

·-
0 



l 

-

To calculatt the ~"?R, ~i:ed ob1erv1tioo1 o( mea1urcd l~•k 

rat•• !re= lSS attcptl at =•i~tenancc vere availabl1. These sources 

..,.N: er.clos.ed ( "tent ed" ) and the a .ass eeiuicn rar;u <in ;,ouods ~t' hour> 

· ot total hyd:oca:bon• 1.19:11 =u.sured . .Uthou1h it is not gcMully co:'!• 

sidend a \'OC , a.thane vu i~ch:ded in evduati.01 cHcc:ivct-An o! :.aitiu­

aance. Ith.a• been 1hown that :he e!!ectiveMs• o! ~intenan~e is virtual ly 

independu1t o! p:oceu ul'l.it tyl)t , Thc-:c!ore, it "'as usc=ed that the 

reduction in :..as ~ £sstoo1 due to ~•intenance is not dependent on the 

coe-positioa o! t!M VOC ~•ia; c=itced. ~ithin • (ev houri to a !ev days 

a!ter chit t:-:iti.al u :=oHng , in- urvic:c :iaintcnan1:e v.u per!ort:icd on the 

valvu . T'tlis • ., .. foHO!iH!d ~y 1oothcr smplin; 1.:-ichin a !ev d.ay,. Tht 

••plins :iethod, are detcr ibed in Aprcndi..x A. 

Ti;urc• 3-2 and 3-3 pres•nt th• r••ulting cmisaion.s data oo 

10,adth=ic scales in :vo !or.ii.at ,. Fi,&'Un l - 2 is • plot of tbe befo:-r 

~ai ntenanca l••k rate ver,us the a!ter~aiotenance leak r~te. Fi gure 3- 3 

h a plot of the di!fannc, bet1.1een t .hc be:!ou-=.ai::i.tenao.ce. .a.od .a!ce.r­

:a.inten.anca !aak rat es u .a f'untti.on o! the bc!ore~a!nta~.a::.ce le.aii: ate. 

the latter plot shows tv0 distinct 1:-oupir.;s of observat ion, ; those \there 

caintanance va, tuccessfu! (di!!c:er.te greater than :ero) and thoae vhere 

tbe ~iotatuoce ?n:Kedur e• appeared to vor san th• lask. A.~ exz:i.ination 

of the :acy vari.able• aa,ociatcd vith each ,ource !.ailad to find reasons 

for t.he ine!fecdveocu of :uin::,nance !or thi• latter arou;, of source,. 

Hove;ver, for approxicately one-third of thc1e 1ources. the :iAinten.a.:.ce 

crev notad ,o=ie condition, vhich =•Y have prevented succe1s!ul N:pair . 

Socia of the coftditions .,;en: 

• p.acking already co111;,nued fully, 

• 

• gl&tld cracked . 

l.eigh::ed percent reduct ion, ve:, calculat¢d !o~ various g:-oupieg• 

of the 15S att.-=pts at maiatca4nc•. These '.Pk'• •rt aiven in T.ablc l•l. 

A arophicd prueat.at ioc of then 'J?lt uti:..ato sM t.hcir 9St con!il!ence 

int erval• is shova in Ftgure )-4. 
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S!:i.ce :oee o! the ~1'i cs:~::es &re st~t!s:i:a.11; d!!feren: !c: 

acy o f ::he 1:cup!ngs, t .!'le o•renli ut!.:aa is :"-e :.ost ~p;n·opriatt est!=at• 

!or •pplknio::. !.::. other Ol'i&nk cl':ecical uni:s. 

!: ..,~, also o! interest :o :!.~vest!g•t• =~• change i::. :he ~7~ es:i• 

:a.us for •1a:-_ring s.crte!.::.; '":ioi: h •1ds . ! !.gu:e l-) 1s a plot of ::'le 

befo•e--e.aii:::.c-.ance OV,\ r ••d:!.:i.g •;usus t!:.e r eduction f.:t ::easurtd e:.!.u:!.on!a 

r ates ( ;:oucd.s pe: i':ou:-) Cue :o ~ !:i.ae.a:-u:e. \.'hen oe.ly v.1lves .-1th : he 

:!..:::med.iaaly before -.,,ai:::ten.:i.nce sc: un.i:i.g ·1.ebes ~10,COO ;,pc•1 'ol•r• ,;.~nsii:!e:ed , 

the W"P~ u::i.::i.1t• Ce-::aa.ud sUgh:17 :o i O. l.! vith ~ 75% ~on!ide.r:ct !r.:e: .. 1a! 

of ,6: :o 95:. Thia u :i.=.au. is d : ost !.Cen.t:!.td : e : he cvu.1.ll es:!.:.aa o ! 

7l. J: . The '•1'1 es:!:i.1.ts !tt' :hose scu:cu •~here th• ~e!e :e :.a!::en.:i..~ce OVA 

: eaC!::.g -.ru <10, 000 ..,-as S2.C •--i:h a::. ap;i•i:x!:.s.:e 95: c~n!!.1e::.ce :!.:tte:--1.11 

of 57: :o l OOI. Thes• t_.o ~,~ t s:!::.:ites a:e not statistically t!!!e:ent, 

: o ans.,..er t ~.• q!.:u:ion of hc".r 'ole.ll cao lulc..b; sou:c.u be :.ai::i.:C.::.cd 

t::i stt'e&niag •1,d.ue !.i=:!.:s, :h:e• spee-i!ic sc:-:eec.!:tg •1duu !~r ••ch =...!..-, :.1!:ieC 

source ,.,.re co-:uideret , They a: e en• ic.itial b1!ore- ~.a~tenac.c:• OVA : eaCing 

(Ilo:n Figu.:• l-1) , the OVA t u.dins obo::.1i::i.• d i=edi:ltdy before =a.!nte.-,.sc.:e 

a, .. n;u-:e 3-l) , a.r.d the CVA r ead!::i.o obta.incd ~--e~!.1tely a!:er :.si:.t tn.ance 

@"" H;-.\:t J.-l) . 

T-.io d!!fere::,c analyses of :tlue sc:een!.::i.g values •.re:e per!:-r-:.et . 

th• a:c.alyses ..,.: • ;:erfor:.ed 1n • ~nner wh!c:h "oult a:!..::.U..a:e t ·.io ·~\a)'J !.:t 

vhic.h 1:lsp•ction/1:,1,!: uc..u.ce prosra:s :::l.!g.~:. b • t=1le:.e.nced. One way t::i 

i:rph.::i .. '!.t m illsj)111-ct!c:/:d.!ltena:1ce ;>rcgr~ ..,ou.ld. b• !!..a·11.-ig p1:-sor-.nel 10 

through~~• proc1ss un:!. t ,cree.-,:1.!ig e:i.!11ion sources, a.nd then havini a 

••;>a.rate oaio.t•c.a:i.::e. c::-ev follO\o' at uiot!!.e.: t ! :.e to ;ier!or: :.ai.nt enar.::e. 

M-Othec- vay 1n vhich a12 !::upec::ioc./:aL-iu::.ance ;irogrc: :.iiht be 

• • t~lUb•d is by h•vt:i.1 th••-=- er•~ p.e.:fo~ screeni:g and :.a!nten~~c• 

d.u1A1 one tour ot c.h• proc:eu uci:. 
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To ana.ly:e :!I• •ffect!.·1et'lus of t!'!e H rs: t y;• o t ]:og!'20 . co=rarisons 

vt:re =.ade betvu~ the initial b•for e-:1aincenance OVA r ud ini a> on F!.gur e j .. l) 

a:id t hee. OVA t"e.&ding caken !.=eC!acdy 2fte: :.afocee..s.."'!.ce © o!'. i'i;u:e 3- l) . 

to a:uly:e ch• e!!ect1•Jei:us of a p:o;:1: o! ch• second ~7•• ce:;,,adscms 

ver• :ad• bet".ieu1 the OVA ro.adi."T.g a l(u: !..=edi.luly before. :ai.~ters.ance (l) o:s. 

f1gu:a J- l) cd t h• OVA r·eadi;i c;iken !=•d.iatdy <lite: :.&i.'"lun1u:,,ce €) on 

FilUre }- l) . These co:parlsou a:e .t~ovn a;-:a phically in F!gu:e 3- 6.- a.nd b. 

Cablu 3- 2.a a:td ~ :i:e su=.ariu cf a:-..alyses baud or, ;i sc:ur:i:-.g 

value Cl.!t-o!! cf 10 , 0IJ<O pp::-;•. ! ~ bot~ cues, the "?•: c ent : e ; .Li r od <1t ~ir:­

tt!'.a:ce b :!:e pe:c • e.t2ge o! those sou:cu ,.;h !.ch sc: un•d 2b0•1e 10 , 000 pp:•.• 

a:id after d!:ec:et ~a:•=a:ce, scr• • =•d be.lo~ 10. 000 pp:v. The ove:all 

uci=.at• for one : ype o! :::.a!n;e:,.a.::c:e ~ros:.: -.,.u 23 , 9 per:e::.:. fer :he oche r 

cy;,c it vaa 29.6 re::e::. ~e.t• es:i= :es ca~ :e i::e:-,:e ted to:•~~ :~a : 

about 70 perce:i: o! :he so~r:es could :o: be rep• i =•d (v1:h the de!!~!:!on o! 

:e;,ai: b•i:i:& :o scrae:t 11.: leu th¥-~ 10, GOO ?P='') . ?.o-~• ·1e:, 1: should be 

poi:lted. oui:. th.a: even t !':01,,1gh only •bou: JO ~•:ctn: •.:e:e up•ired ( eo a::ion 

lne l o f 10 ,000 ppcv) • .s .tig::.i!ic2:t: re-ch.c:ion i:l t::iuio:'IS 1.1u ,1'hie•1ed. 

(S•• Sec:io::. J . Z. l. ) 

In addition to th• su=ariu in '?.able 3- l . .s&b :Or the t.,...o intt pec:ion/ 

=a.iJ:u:e:cc e ; rcccd.•.1.:e scen.a:i-.;,s , 2Jl.&lys•s on four sc: ee::.i!'l.; •.•a! •,1.e coi:::p•: !110::.s 

ue sive::. !:I Append!.x t . ~ch o! :he sc:u:i::.; valuu ~ed !:t th!s ~ :1.lysis 

vu clus!!!.ed i:n .- sc:Hn1:lg : cg• ::1.:e;-o:y .ac::or d!.ll; :c :hie !ollcvi:g ::n;e,: 

Scr-een.1.~s 7al~e (x) aa..~;e, ~~cv 

1 - 0 

l C x < 999 

l,000 ( x < 9,999 

10 , CQO 'X ( 49 , 999 

50 , 000 < X 

~-; , ' ii& 
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Al I V111\1e1 

Cu•enc 

Ethylent:1 

Vinyl Ac:elatC 

r..ns Se rvice 

l,lquld Se rvice 

IS) ock V:1) VCIII 

Ccmt ru I Valv.:11 

TMI.P. J-2b. l'l!liCf.KT OF VAI.Vl!S REl'Alllllh• IIASED Otl IHHl!DIATl!l,V 

Uf:t'Ofl.ll: AHll Af'TEII H,\INT£.NAllCI!. SCM£t:N IIIG VAl.llf.S 

Hu•b«ir or V.i l vc.6 
Screening ?:_ 10,000 951 C<infl,hmcc 

J-,dlAtely Befvrc l'c rc:c.nt Rc1,n I t(VI • lntc rv;il (11' l"l:l'CCRt 

H.nlntcnoncc 11t tco1ntc.1u'lnct:1 Rci11a lrca1• -
97 28.9 (20, 19) 

)2 2S.o (l'2, li'.J) 

,. 22 . 9 (12, 11) 

11 52 . 9 ( 28, 77) 

" ) 1.K (19, lod) 

51 u.,, (l!i , 40) 

58 )6.2 ('24 , SO) 

l? 18.0 ( 7, 'If,) 

• Rc(l~lre,t ...:1mi, t he 11cmrc c: ucre..-ned be l ow 10 ,000 pr,•v tUI tlu, 11Ct cr- •a l ntc1nnnc:c. OVA r.:tiJtug. 

lfotie: tin: 1u:rccmt rcpa l re,I e1Jtl•11tet1 f•>r t,hi: v,11•tolu1 1,rc,1kdow11:1 :11•~ 9'(11 11t~1ttatlca lly ,11rrcre11t 

/I t 'tht: 0 ,05 l <!vcl o f s l g11I rt c.1uh:~. 

i 
i 

'w,sc,,·· ··,--.,, Qi;:.:.., -' • •.;: l. i 



Tc a.ll01J' ,1n as.usr-,nt c ! the e!!ec:s -Qf di!!c: e.cc. .acdcn le·:eb 

cc c.!l• :1:ucl,•:- of vU•:e, vhich cac be .-epa.!:-,d, :•.,.o--.:ay ablu ""!r• co::.su~cud 

• u,;1:tg the.st tc:eenieg •Ja.l1.1• c..2c.e1or!•s . The. t·.1c- -:ay tables shev :':'.• foll~!::;; 

c:oc;,ari,ol'I•. 

• I:=edUtel; ~e.!o:& :.a!c:er.ar.ce. sc:ee::.~g value• versus 

the 1:i::cdiately after- :.a.!.nte.ca.cce sc: ,tn!..~i va.lu•• 

This ce:.~&r!scn c.&0 be used to ••n.11.1.ia ,1..~ in.spec:!c:':!./ ~ntu~ecc ;::-og:iL:: 

vh•r• the. inspect!~ tu,-m a.lso r:•rfo:-~ th• :afa:enae:.t. 

• l:!.it.!.al be!ete :ai::.t~4.tlc• screefli:i, val\:t.S •1•:-1~• 

ac:-ecr...!:g vtl~es e-bta!.::.ed !=tdfatdY be!or , 

~t e:t£:1.Ce 

Thb c01:1;>ad.se::. c.~ pr~-r!de i.-:foi-...a:!.en ccnce~!:g ~hc ;,erce.:::i: c ! ·:.alves 

lrnicb. cross an aet!e::. 1.e•:el 1,.-!thout :.a.i:te.::.znce. 

• tni:1.al 1;,s!ore :a..!.=cc:i:uic• sc::ee::.ing •tall.las ·1era..-._, 

11;:een.1:11 •1aluu obu!.=ed i=.•C.J..a: e.ly a!tu 

:.l!:l.~en.ance 

Tb.is coopariscn. !s use.fol 1= eva.l1.1ati:& the ef!ec: o! ~i:c.en.s:i.ce c::. :e~uc!..":g 

t.h.e p•rcant o! lealu.:& scu:cu i! the level cl th• !.=ed.!.t:e.l;- b•!o:t :.ai:.­

t.m&nc• ,c:e~~, valt:e U 1c:iored . 

• Ir.iti.tl before u.i!ittD&nc.e scre•:::iing value v• rsu.s 

•c:••~i::.g value• obta!.:ted i-e~!•t•lY .t!ter :aiD­
:e:1anc.e c-i::.ly for those sou:c.es -.,hf!re :he !.:nd!.udy 

b•for• :.a.1:1.tc:.ance screit::.i=i •1al-.:e ia r.••ter th,&a 

er e-qu.al t o 10,000 ?V=v' 
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Thi5 co~ariS<m p:cvi.det ar. i ndit~tic~ o! the e!!,c; of a..~ inf?ec:10~/=ai~­

t~• 1roe:ra.: vh•r• th.e ::.a.i:i::u:a:.ce ::: e\l :cHo'-'S the si;:een.!~g c:e•..- ~7 

, ever-al d~ys. 

th• ta.hles •re ~:e,a:ited 1:. A?p«:d1x ! ~d ~•:e ~c~,t~~cted co 

U l o,,, a.~•lysit ~y the !ollc'-li:1.1 ~:e£1t.d.o-.ms: 

• overill, 
• process t17C (Cuc•ne, ! ::..~yl•nc , V!.:lyl Acetate} , 

• service (;a, 1.i(tu.id) , .and 

• valve :ype {block, coc:: ol) . 



V&lves th.at ~der"Jtnt ~1:uo..a.i:11:e != th!a: scudy ·,;er• Cb:se.-ve:!: 

;,-edod!tAll:, fo:- up to eight :on:::!l.a:, Sclec:.d •.-a1· .. H 1.1•t• ru4:?hl: liurill.; 

thi• p•riod :o ass••• :~e lc:li-ta r.:i. e!!•c:s o ! ::.a!oten~ce co eo.!$S!oe ri:cs. 

This part oft~• study ~:u cot direc t ly r e lated : o th• ::i.a.U, object!ves of the 

proarlll:! u ducr!.bcd !.o th• L-i::-oduc:!.oc. Hoi-rever, the ef!•c: o! an 1::- ser..,1ce 

uinu:i.&nce ;,:-or.a.= on e:::;,i.ssions eve.:· per!.ods o! u·1er.2l =cnt~s b of c'!>v1ous 
1:it•r•st to ;all concerned. 

!o put tha loag•te r: cf!•ct o! :..a!.o::.e:ance !.n:e ;itta?ecti'Je, i: !..s 

hel;,!1..l :o C:l'C'p;a:-e :!te eo~s!ons !r~c the :.ai:l.:.a!:led '-'•l•1u : o thou t!"o: ,1, 

cont:-ol &reup o f u:i:.1!.::t.ab•d ._.11.hes o-.•er a pedod o! ti::e . Fi;•.1,:u 3- 7 .t:1d 

J-8 ,1,:-c irapbic displ47s of th!.s cetpai:-ison. 

F!gu.:e J- ; ahovs the avarag• ~s!on :,1,te i~ pow:.ds per he~: o f 

tug!t!ve ~ssioos per t01J.rc• !er th: e t 12?a:ate :i::.a c,1,t~10:-!es. Fe: a 

tO\lrce to tit .Hlec:e,d for the &.n,1,J.ysb sh01l':l. !.:I f!~re 3- 7, it :"lad :o h.11.•;e • 

:,,euured l.uk : ate i:i. uc.h :i:c caagor;. Th• a.,:cep: 1.on to :h1.s n.ile vu !or 

sou:-cu b :he co::::-ol gr ou;,. Val·;e..s !.!l :!t• cent::-ol ;opuluion '"•=• oo: 

requi:-e.d to ha,;,e .an cb••=--itioo 1:1 th• "at:er ::.a!.o:•n•nce" :11,agor1 si~,:e 

:!l.ey ,.,. • • not :.aint..J.:!.:t.d . UI the f1:s: c.11.tagocy, "!n1:1.al s.acples" , th11 

av11rag• le.alt ra:u tcr l.?6 sources to be ui.:::.ir.ed .2od 60 sourcu tui;n.ucd 

u ccntro.ts •=• dU.i!..1.yed. tn :~• stc,::nt categocy, "a!:e: ::.ain:t."lol."\ce", th• 

•vtrage luk ::ate of t!t• 126 ~ ~.:u:,1.L::td scun:es i::1:e.dUtd7 .a.!:er :,1,!r.:e::a.:l.ce 

!..I tbOYn. Na:•.1n.lly , t.i.c:-e .ar. no obse:-vation.s !or :h• :on::-ol g:-ou;> !o:-

Cb.is caagory. le t.'i.e third category, "21 :o :?25 days". :he ave r age le1.~ 

:-a:.u far th• 126 uid 6-0 scurcu , :e .. u.red a: lus: 20 da7s a!::e:- ::h.e !n!.:!..al 

s.a:i:;,li.:ig, ue shc---n. I.::. t h.b category, the =•d!.a.c -=a::;,H.ng d.iy s !:tct th• 

!.a.itial sa=pl!.::g !or t.'te coc.tTol group ts 77 d,1,ys . :"or t~e :.ai.-:.u!::.ed 3:-cu? 

th• 11111:di." d.ay s!=ce 1::.!t"!.al s a--;,Lt::.g ~ U.O da1s. The :-ar.gu o! : ~ua 1!,1.y~ 

sil:ic& iA!t.!u ta=pli:lg !or tb.& c-.,o i!"OU?S a.re Zl to 216 :c::1d 41 ;o 225 . 

rupect.1vel1 . 
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To pr-:,vid• • sateceot of c~aHte::.ce oo :he uc!.:.a::e c ! th• ••a::2s• 

ecission r.a::e in Fi;~r•s J- i 2nd 3--3 , •~ cs:i.:.ate o f s•=pli~g var!atio~s . 

2lL (SH Appe::.d!x C) •JU •p;,l!.ed : o uc:h o':se:--1:i.t !cn. t:: i s approp:!ate :o 

apply ::h• ••t~te o! s•=?li~g e:::o: ( 23%) :o eac:h :.easu: •c• nt : 2:her than 

a :auun o! sou: -:.a- co- sou: c• •1~:iab!.l.!.ty , s!r.c• pa!r!:tg of obur-.·a:io~.s 

ov•r ti::.e =-ade zsou:-ce-cc-sou:c• ·1ad..1:IU!t7 1:--:•h•i•n t . :51nce :h• u:.e: 

1:oup of sources is ,c, l ed 1~ each :1:e c aceg~r, , th• cr.-.ly source o f varl•tion 

pert!!'l•::t::. to co:,a:!:i; ~h• u::.e g: oup o f SO\l.t'CU C'."e: :1:• 'is the s.c:;,1.!~; 

va~ .\t ioc , n• con!iderice l!::.!;s displayed in F!.;-.::·es J- 7 , :i.d l·! .are 

a pp:o::d.=ate, cne-s!dad 95! ce:i.!!de::.ee l!:!ts. 

f1g,4:e )-8 is si::iila:: :o :'!.9\1.:-e J.- i e xupt .:h;:t c:. a : ::1:,t i-,u ~uo 

~e :o b:cd: ::he '"21 t o 225 d2ys" caa-aocy bee :vo sub•c.aago:iu , Th• 

,®-.:..ate go:if..S ·~c::e de!i.~•t t o jlt'Ovi.d.e • h.ighe::- :uolut!on and;s!.s o! ·:a.l•1• 

e..dss1em b•havio r eve: t i:e. The :.aj c :: ~•~b le ~ !.:'1 t~!• :ede!!.=.!n.g of th• t!: e 

d!=:isioo. is a : educ:: !.o:i !.=. u c:;le s!.: • . Only l3 co~::ol sources could be 

oatch•d !.::Ito t hree uc;::.i:!.; ?et"iods ( !o.i:ial, 15 to !.05 d.:i.ys, aod. O\·e t l'J5 

U ys). Or.ly 4) :ainui:eC 1curc:es could be ::J.t~.heci !or :he ~ecessar-/ four 

sc1l~g pe:~ods (i:11:1al, a!:er :.ain.te~~•ce , ~ to 105 d~y, . uirl ove: l OS 

f!.ays) . Th• di•r..sion a: lOS thys '-'U u!.•c:ed to cb:a.i:i :::.e :.a.x!r.;o o~=•= o! 

sources i.,-,, both i t.i-ups. 

:be =-t jcr c~c.lus!cn cha: c~o b• d:a·-'il ! ::-o:. Hti.:tU :l-1 ~d )-a 

!s :ha.t :h• ~-•d!ate e!!ect of ::.aieter.a:.ct di1c~ssed L~ S,c:: 1cn ) . 2 ~as 

,usu.i!'ted !or th du:adcn. of th• proj ec:. ihe :.!..acr chat1gu in tl1e 

ccntrol g~up a.cd :he c.a~~t~•nce i:ou? after t he init ial 1.:1.1:1plin~ vi,it 

(dur ing vbich the m.:i.ir.:enanc:e occurred) a:e not •t•tist!~a lly significa~t. 
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l,4 

Tb• rate. o! occur:enc• of lu.k.s 'JU stud!.td ,..s:..-:1 p\:l:'l)S a:td •nl·,u 

tbat ici:ially ,~r••r.ed a t <10 , 000 ppi::v and we: a ao: :::.a.ic:~!acd durla; t h• 

pn,ject , An e.r,,oneae!.al :iadei -.nis !!: to :~e da: .. ~ o::!.e: :o develop oc:u:­

nnce :at• u:~cu. The :esul:.!ca. 30-d..ay uti::.ate !o: val·:u h l . 3% <ti.th i 

9,% coa!idan.c• !cca:-val of 0.7% : o 2.1.:. For jH.U:P• • :!'I.a 30-d.at ut~::.a:a 

a 5, 5% with a 95.% conHde.nc• lntt:v&.l o! 1 . 2% to 1oz. 

Io avaluatt the rat• of oceurTe.ace. o f l uk.s. ~ ex;,cnu:ial ::cde.1 

was uaed ;o app:ox~te th.a act•J.&l di.st::!':u:.icc cf U1e. :::.=e :o !i:sc c c::ur-=enc11 

oi a le.~k (,cree.n.J..~a vliue. ll0 ,000 rvav) . Tr.1~ ood• l is widel; u••d co 

s=:1.:1:• data , 1:11.a: 1:i. catu:a co le.ale. cccu::a~ce.s 1! the. aaau=ption can 

be :,£de that. the oecu:'!'e.nca n.te r-t.u!:u c:cstctt , A osjo r advanc.s;e oi t:he 

•~c~t:1t!.a.l :iodel eve: ot~e: s:ati.st!cal d!.stribu: ion ::,cde.ls ! , th~t ~ s!..:!.gl• 

para=,ecar ful.11 aod coc;,l•tely desc;ibes • given •x.icneotial d!.stribut!on 

(see A~p•ndi.X D for :ore det~il) . 

Th• esc.i:=.at• o! this si.:gle pa..:--=-c•r (d• si-g:'!at•d as A) !or the. t7pe 

o! d a ta cbtai=• d 1.n this study !s 

nuober o! luk.s ch.at c ce~ned 

• r tou.l ti:1• source. ! •-T& S !01101,;•d 
1• 1 

For p1,1.rpctes of th.is a.c.alyd.s a lu.k !t~o • source ...-u ddfaed u 

bav'..c.1 oc:c:tind !.! !t i.nitially screecet <l0,000 p~~v a::d at soc.e latl t d.ate 

acreee.d. ~10,000 ;,;,=v. Oau, cm. t.\i.• occur-reci:• o! leaU vere. gat hered !:-o: 

two Hparate g:ro,:,p, of sourcu . Sourees 1a a c(mtrol 1roup that :!.:'l.it!dly 

•c:r•tne.d b•~et.."l. 1,000 - 10,000 PP=" ·.;er• c.c=l>faed. v!.th the "low hller' ' 
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Coc!:ii.tli:i.g :hll g:--aups r •qui:'ed prope r ve:ig.:',:!.n& ot th• c!a:.s 1.n ueh s:¢u'?. 

bu•d en the ae: u.al c!.Ut:i':iutiol'l o! si:: ee:ing v:r.li.:u, 7o: e.s.ch 'jl t'ocess a.nd 

e.ach sourc• ti,!•, :!:e t:-ac:!oo of ;i.11 sources vi:h screening 1.1-al.t1u: bet·-·een 

0 iL."!d l.000 ,;,pi:v uid bec---ten 1 ,000 and 10,1)00 p9:rJ 1.lU: e obtained fro= th• 

co=9letc screenin; o! the '?l.t..~ts docu=en:ed in ~eterence 2. Th• se !ractional 

value.ti appear !.n Appendix t>. They ve:e used in coc-puti::.g est!.:Atu of the 

occt1ue..cc• rate• and &pproxi::.ate upper a...~d lcv•r 95% conf idence li=-!ts for 

: bu• e..st1:.atU (su ,\ppe:1.1H.x O fc: :c:-e deuil) . 

day occ~:-:-ence. :ates by procest for va.1..-es, 'jlu:::p seals, •1a.l,.-e.s in 3a..s Stt"'-'i•.:.•, 

~l·1e.s lo l!quid set"'rice, block val.vu, ll.lld con::ol val-.·•• · rcr exa:ple, 

!:er.:. Table 3•3 i t ts esti:.:ited ~~at 29 . 0T. of the ;i.:i:p seals ~ill screen i r ca.te: 

t!tlln er equ.a.l to 10 ,000 ?P='., ~!tee UO days. The ccr.!idtnce incer1d. to: 

thi.s ut1:a.:e ls 13% t ·:i f.7;:. Apu:: !:-co :he esti.:.atu tht:.s:elvu , c:le. ::ll:i 

re1ult is that pu:p seals h.tv• a st2ti.st!call1 sig:ii!ica.n: hiihe: :-2:• o: 

oceur:-~c:e th.a.~ d.o ·1tl·1u. 

Plot.s of t!le c-.=lati•1e di.stri.bu:ion !U!lct:!.·=c..s 11:e shc-·.r.:. !.:. F!g-.::-u 

3-9 through l-14. The 1redic:ed oceurrec.ee rate. !er periods u? to e.1;hc 

~nt!ls en be ob:ai:ied di.r•c:.17 !r012 :hue c\1r1u. The !ac:: th.lit the. cur:u 

.-r : not s;:.aigP:: U::•• 1..s a contieque.nce o f :?-.e e!!ec::ively dec: easi:I.; ;u:pul.t­

tion si:•~ si:i.ce ,ourcu -.,.h.!.ch. beain h.1.k.!;)a o1: e. c.o lc~ge.r ~dud.et i:i th.• 

popul.a::.i:rn. It shou.ld be ~e;,c i:i o!.nd tbt :!111 \::!Ce.rlyi::i.i oc:~tl-t''! t nce :'Stu 

u ·e alvays o1asuoed to be coosta."1t , hC-Jt•i•r· 

Ma check on :!le :cdcl, the. obse?"led uid predicted occu:rec.ce -:a:ea 

veu co:;iared . The e:.;,i:1-:.tl d.1#it:ibution !1.mc:t!.O'lll ( the act1:.1l d~ta) •.in 

l1 
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Th• ruu.l.tina: cce;iu·Uons for vah·u i.ed puops are s'l'.o\1:1 i.~ Hiur e 

l-lS. The a-:-p,irical d!stribut!o: !u:c:1c~ !s sho•.r.:. •• a sta!r•s:tp fu=ct!~n. 

and th• 9-rtd!c:ed :odds ar• th• u .r.e u •hOlo'T: !n ne~=• } • ! . Althowg.b eh• 

fipr• shows that :he da:a s:ay .ibove :he pr•d!.e.aC H n• !or =cs: cf the e!.:.e., 

mosi: o! t h• obu r'J-a t .1o:s ( steps ) • r• vt :h1n ::te 9S: -.::in!!dcn:c regions 

(d•shod lio•s), It ~as che:t!or c, !elt :~at th• axpcneat!al d!stributien 

;n•ovt.d•d a!\ adeq~:e cad.el to: ,valua:1.ng occur:ui.cc ratu. 

A scatis:1:.al -:est vas used to cvdu.tee pd:--.tisc di!!cre.neu t: 

oce.1.1.r-ru1.ce :-a:.e ut1=wtu ( su. A;p•nd!.:x O fo r C•a!l o f the tut) . i,1,bh l - 6 

rease:i.ts t~• resul:s of chis an.alys!s, Th• sti.t!s:1e&l t••t~ shoved : hat 

:;,w::r;, uili h.,1ve • 'h!gber OCCIJTT&OCC rate: than •:d,vu. S!=.ilarly , v;ah•u !!'I 

l!quid ser-r!ca haw a higher occ1Jrru:c• ate. th&n :~osa in gu sarv1.~e . 

Va.lv&s 1n the •:1.nyl acat.ite ;,r~ceu 1,1.,-:,i:;s h.11.ve .1. lC\la:- ~tt~n-:nc• :at• ::u,':1 

':>o~ :hose 1n ethyle-ea p":-oc:us un!:s &."!.~ those in c~e1a pr,:ce.s.t u:.i:.s. ~• 

pu=:;1 ,e&l.s t:,. v!.::yl .. ::eti..te ~its b..ava a lo-..,e:- oc.t1J:":-1:1c:e r:i.:e ,;hu: :he p•.s:p 

,u.ls 1.::,, the. e:!:.y!.e:ie u.:!a. 
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3,5 Recuncnce o! t.e 1lks 

to study the recurrt~ce of l eaks 3!ter mAintenance, data from the 

• 15~ attH!l:pt s a t =~!nt•n~nce vcre exa::si ned, O! : he,e 155 itte:pts, 97 cases 

, c:reened H0,000 pr'l"".1" i:medi.scely bc!or·e :dnunance, for this :indysis, 

only thote valves vhich screened t l0,000 ppov i=edi.ately be!ore :.sintenanc• 

•Dd sere•~ 410,000 p;xw i;m,edi.stt ly after =.sinten•nce vere conside red :is 

haviDf, a potential to recur, This ~li=in.ated ,11 but 18 '-':tlves frcm the: 

analy1is. Of the1e 28 valve:s , , i;ht vcre seen co recur (i .e •• screen 

?l0 ,000 ppmv s t •~ ticie fol loving the aftcr -:iaintenance screening). Of 

the eiaht v•lves vhose l eaks recurred, f~u r recurred vithin a fev days after 

~•intcnance . The other four u:cun ·encu 11eu spre.td o,.•e r t he study pe:-iod 

(up to 1 1J1Qnths ) . k cause of the tvo di1tinct groupings o f recu rre:nces o~e r 

ti.oe, a mixed-:.ode:l vas u1ed in estio&ting the recurrence rate . The exact 

fo:-3 of the !l'IOde ! used is dut:ribed in Appendix D. 

A graphic•! pretent ation o! the ::,odel•d percentage, !or : ecurrer.ct 

along ,.,1 th. an a-pproxi=-au 9S% confidence region is gi•1en in Fiiure ) - 16. The 

~pir ical d! scrihution function (act~al data) ii i ndicated by the dotted ll~e. 

In Table 3•7, 30-day , 90-t!ay , and lSO-d r.y rccurre:nce rate estiaaces 

are ,r~n alon; vi th their ! P9:oxi:i..ate 95? confident• li=its, In co:parison 

to o~ cur-r~nce rate, , recurrence rates are :uch higher . 

30-day 

90-day 

l&o-day 

TA!"LS 3-7. VAl.V! LUX M CURR.ENC!. ltATE tSTL!iAT!S 

JLecu.rrence Rate tstioate 

17 . 1:t 

2J. 9% 

32.9% 

44 

9S% Confidence Limit • on the 
ltccurrenc• R.ate Estimate 

(5. )7) 

(7 ' t.8) 

oo. 6rl 
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Oc 1.:'lv••ti.,.He the r•htionsh!;, b•t\./ee.n sc:ee.ni:'lg values UI.!. 

ccl.ssio-:i. racu, .a l'•pruent.it!ve 1crecni::1 ·1.sJ.ug v.as f!.rst c hosen. S!.:u::e. 

e-o10 scue::.1:ia ... a.tuu !or both t .he O\' A .nd TtV Sn!!fcr 11ere a iitcn ·.ri:.r. u ch 

sa=pla, 1 oot& pr ecise 1st1:Jlte o( tt.e rc l .atioosh!~ ( =odel) co~l~ b• de,..e l cped 

usitl& the ~.a.os of th• sc:-u.cin1 values . Ther efor e, t ht -a.r. o! t h* QI/;. 

t'udings 1rnd t ~e ":lean o! th• TLV Sniffer readin~s ver• cho..:e:t •• :.::c re.pre.• 

scot&t !v• streeni::& values and 11•:• '.1-Sed 1-0 the ~del d•ve lop:e~t . 

Th• OCC'l.ll"~tnct cf :e:-c scr••ni,; ·1.a.lu• • ·..rith l..1::a• ! e.•$. :2.as and 

U:ge sc:-eeni!\1 •,a!.ues vit h :.e:-o leak. u.:u './a.S i.i.•1ecs t!.;ated , Che.du ..,e r• 

,ode vith !1eld person..,~l and the o riginal d.ita sheets~•:• r evi•ved in csc~ 

o! thu• cues . t:1. se-=ct i.!'lstlncu val·,es the : had hlgh sc:eeni::.3 v.aluu 

1o1i,th : e :-o h • Jr. rues a.ho had very high .a.::bito: ac :eat!::;, ..-: : he :i:e o! 

••=;>ling. Th••• cases acccu:i: !or =a.~y ,purio~s ~oints. Als~. sc:-ee~i:ii 

va.luu o ( LO ?P='' 1.nd "!ielov .ar e o!an inac:.•.;1u t1 be,c•use c t b.1ck.;:-~1.::1d ccn• 

ce::tra:.!o:-.s . Sc:-u::.i:ig ·1.due t.o e::iu ic:i :-ite :d.aticn,hi;,s •.1hich inclu(!e 

u.ro ~o faa •r• no t 1JJ11Ull:r o! !tituut. Tha t :!.s , t he ru:i• o! ! :teru: !or 

t1cree:c!n1 values 1, fre~ abou: 1,000 to 1,000 ,0~ pp1:1•1. A:ic t her di!!!:u.l::; 

vi.th usi!l1 d•t• ?6iots vhere e!ther t~e sct••ning value!• :eto o r : he 

1:1a.at uu-d !.uk :au is u:o !s that '!!'!ey do oo t nat\inll7 ttan, !c:--:i to the 

los seah used to ttl& :.ede! d••1do?e.nt. in. o:-der t ¢ -.:u t!-:ue d.aa poin ts, 

th•Y vou.ld hav• to !!:st be set t o sc:ie ar~1:t~r"J ?CS!.t!ve 74] ~e . 

Plot.s ot th• data !:i lo& ::ca.le •"1th the :ero =u-n sc:un.!ng >.taluu 

first set to on• •nd the : aro non•:.ethane leak rat• estt:.a:es set to 10·' 

lb•/hr ue shown !.o H gu:-u 3·17 and l-18 . 51:nh: ;,lots of : he ,J;ia 111:h the 

.. uro" d.ata points dale1::ed e u sho'--n in Fil',l,rlS ► 19 ,1,::.1! J- 20. A1:heu1h 

daletUIJ th• ":e:o" d~t.a ?Oiots had very 11::le e!!ect o~ :he pa~u:i•te:­

••ti:iates, th• ovenll PT&cisio~ ot th• 21del •~ti.::.a.te vas e:h•oced. 
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lee.au.a• th• ?&r.azet•r ••t!::Aces v• t • only s lightly al!ec:•d and 

becnH o f th• di!Ucul:y :!.."\ iacluding th•: !.a tb• :OC:d, •11 vdvu vi:h 

1cr•efl1nl valuu (0\'A ot !L'.' SnH!er) len th.an lO ;,pcv .nd all :.-ro Luk 

:-ate& wre. r-=owd lte-2 !~r:h•r • ~ lysu of th• re.luionshi?• · 

In denlop1.D1 a i:!Cdel !or t h • screcain1 val~• and -=-1.Ss!on rate 

:-elationshii>, data wn Hut divtded into tvo sou.re• tr;tH (pump s u l• and 

TU.,.., ). A statUt!cC ~ y• i• vu parfo:-=itd to date:=.~~• vhe:het aapa:ato 

ec:iuat!oca woW.d be ~ecassary !or:~• varloua process U:'l.!:s (c~•. a:hyle.~e. 

and V'"..ayl acuat•) a=d ur,ke (au &nd liquid) ty~u. Tablu 3•S and l - 1 

pn,.Dt then a:ialyu ., of covartat1.ce ruults !or t!l.e OVA. •::.d nv Sl'lHh.r, 

rHpacU..,e l7. ( A.pp•c.dix 0 ducrihu an.a!ysis of covariance ;:rroceturu, ) 

ThrO'-iSh t h• fotitr1c: ioo :e r.:s <•· I• , OVA.S!.lVICt) , : he slopu 

of the nb:ionshlp• for th• various l 'jN•h o! the second varUbh (e,;,, 

Service) a.n tnted tor .s!goi!!c an: di!!enn.cu. Fot' ua.:ph. :be OVA.SU\'ICt 

ca:11or,- 1.S !ou.."'lt to be si~f!ea::, !bis 1.:ld!ca:es : hat t~• slope o! :he 

sc:• .c.!=.I valua/ lult :at• :eht1or.sh.i;, 1, di!!e:e::.t !or 1u a::.C l!q1.:!d 

Hrv1ce 'la.l'J'... the 1:tdiv1;!ual cac110:iu (L•., S0.7tCE .at'ld ?!OCES-S) c.an. 

b• 1.nt•r;,reud u tutio1 !ot d!!!tu.ccu in th• icar-:•;,t• vithl:i. u.c:h 

c.la•U!icat.101'. For aa:;,h, 1a ! able l--8, su s•:"'.,1c• a.cd H~u!i u:-vf.cc 

aodela .a:• ue.: :o h.a-.·e <!!!!e:'e:t ia:ee-:c;,a. 

SU•d on th• :uul:1 o( :h• analysts o! cova:i.ance , ch• !ol~oviai 

bre&kdovu• ven de-=td a;,;i,ropri.at• !o: :iodcl develop:•=: tor both 0\'A. a:i.d 

U'I SZli!hr: 

• ?WIii> n&l.t • 
• val•,u !c. llq\l!.d ur11c•. a:i.d 

• va.l'ru !:i. pa ••rvic.s. 

La&1c••quAr•• :e1r•saicc a.n.al1••• ver• den• ! or each of ch••• 

bnak4ovll,,. the loaaritb= ot ch. u.c~th.&C• leak r•t• va• r,g:e•••d u9on 

the loprlt!=I ot cb• -.m ,creec.i=.1 v&lue (OVA cd l" .. V S.0.1!!er). 

Sl 

I 



LUU l -S. ....-..u.na or C4WAJ.1A:;ct F'OR 11..~S A.,u V.U.vtS 
VSL'CC OVA somn.:H: V.U.11£S 

·-· S.ab (n • 69) 

&1r•u ol frudc-= s~ of Sq!Uru 1 '.' .al~• ?r > ' 
OYA l U ,91 41.69 0 .0001• 

hoct:u ' o. 16 o.al o. 4C. 

OVAX ?roe.• ... ' o. :,4 o.n 0 . 69 
• 

Val vu (n • 65 l ) 

Su:: o! Squ.a:-u r Value. Pr > r 

OVA l 2,J. n ,10 . 43 0.000111 

Proc••• ' 0 , 39 0 .36 0. 70 

s.rv1.~. l ,. il 10. 59 0.001• 

OVJ.x Proc.ua ' 0,99 O. 'i? 0,40 

0-;'Ax S.:-rlu l 6.S? U.13 0.0005• 

•Sipi!ic.anc a: o. < o.os 



t.UU ) -9- ...x,u:u:u o; OW.U.!A.'CCI: FCil n.~s "-''D V.U.vtS 
C-SL'CC U V ~"1::ER SeunttNC VA..t.t.: ts 

n.v s.cutt.-:· l 19. 50 40. 74 

P':oc.u• l O.lS 0 . 16 

r.-.• S11.i!!e:-zl:-oc.u s l 0.65 o.u 

T"l' .. V Sr11!fu l 256. :. .506. ll 

P:-oc..us l 2.J J 2. JO 

S.rvi ,:;a l 1.89 ) . i'2 

n.v Sc.U!•:-xJl':-oc u • l IJ . Ol 0 . Ol 

n.v Sc.i!!•nt!':-oc·u • l l. 27 2 • .H 

•Us=,i!icct a t o. < O . OS 

SJ 

?:- > i 

0 .0001• 

0 , 86 

O.Sl 

O.OOOl" 

O, lO 

o.os 
0 .91 

O.ll 



Tb• r•aulti:11 •U: equa:ion~ ( : hree OVA ~d :h:ee nv Sn~!!~r ) a:e 
1tv•c '!1411 lov: 

• 

• 

tquat~on !or Predicted ~~an Line: 

!tau KM !.u k late • 1.64 (10-S) (OVA)O, H 

I4u.ation ?lued ~ c.he !oUcwi:1 hue •qu.a:u ..:;u.atioc.s: 

Loau (i.ux) • -5,29 + 0. 85 Lo1 1,: (:,(un O'JA.) 

Stcd.a:d 0.vtati~ • 0 . 67 

95! C~!!deace taurvd ! o: I:i.:e:•:•;>t • (➔. O, - 4.6) 

951 Coa.tide,nc• lctervd !oi- Slop• • ( 0. 71 , 1.0.!. ) 

Sc,l• Biu Cor:ecc.!cn hcto : • l.19 
, • 69 

Pump Su.ls - n.v SIU!;•: 

! ,qu.at.!.cc !or Pi-edictad !'»ac lll:•: 

~-= ~ Le.ak l.au • LU (10.
4
)(TL'1 StlH!e":" :ud!:i1) 0 ' 78 

tqua:ioa b•••d on th• !oUOVi.:1,1 least squai-e, •quatioos: 

Loau ( LUX) • •4.'7 + 0,78 !.ca: , C~un nv Sr:.i!hr i-ud!..:1 ) 

Conaht..ioa Cot!!ic.i.eot • O. 59 

St&Dda~d Dit'4"1.lt1oi: o! th• Eaci:&c• • o.~, 
9'% Coat'14ace Iccuv&l !or tntuc•;>t • ( - }.06, •l.49) 

UX Coa.fidenc• b:erv&l !or Slope • (0. 62, 0.95) 

Sc.ale 11.u Con-e ct.!.cct Facto: • l. )9 

S • 66 

S4 



• 
£1tu.aci0n tor Pud.!.ct•d ~•a:. lice : 

Mun SM :t.uk ha • 0 ,97 uo-5)(0V/,) . 79 

t~u.at11ffl ~u•d en th• !o1lovia! l e.ast ,qua.re, equation,: 

t.o11 t (t.IAK) • •5, 72 + 0.7? Lo1:o (~Aaa OVA) 

ConeUiioa Coe t !1c!ect • O,iO 
Stcdard Ont..at!o:i. o f :he t.t!=.&tc • O, il 

95% to,cfidacc• tour,&! !or t:l.t•rc•ri t • (➔ . U , - S.l2) 

9S: Codidenc.• Ictat"Val tor Sl09a " (0, 10 , 0 . 88) 

Scale 11,H Coruc:i#D he.tot' • 4. 06 

:C • )Ol 

tq\l.lt!C'!l !o r P'r'"'-ic:e.d. :'.a.a.:i l !=e : 

~ ~ L.aak la.ta• t.!2 ( 10· 5) <n v Sa~!!•r :aadt~c) •79 

Iqu.,at!on buad oc th• !ollovicg l • • •t aqua:~, •q~•t ion.s: 

t.c111 ( UAt.) • -s.21 + o.19 Los:: ( ~.aa."l n•; 5:::i!!.r :ud!=;) 

C.om.La:.!oa Coe!!!c!cnt • O. 74 

St~rd Oev!ac!oc ot Ch• Es :1=-t• • 0 . 6a 

95: ~a!!daac.• btc:"ta.l tor Ulta:-eapt • ( -5.60, 

95! ~!!dace.a I.::e:val !or Sl~pe • (0. 71, 0.!8) 
Sc.t.le !iu Cottect!cn fa~:or • ).)9 

:f • 283 



• 

Eqiutioft !o r Fr•die ted ~ .. • ~ :1.~,: 

MIian ~'H L••k R.at• • 1.16 ( l0- 4)(0VA)O. S4 

t.o1a ( LUX) • -4.12 + 0 .54 Log u (Mun OVA) 

Co.rrd.at1oa Cod!ichnt • 0.5S 

Stcd.a.rd D..,1.ation o! th• ht!:at• • 0 .83 

ts: Coc!!d -."'l.1:. t:ir.e.n-al !or tn:e:c e;>t • (•S.08 , -,.ls) 

95: Coc!id.nce t:tuvd !or Slop• • ( 0. 46 , 0. 63) 

Sc&l• Uu Correction 7a.ctor • 6.09 

M • )50 

Equ.ation !or Predicted ~Aan LI.::.e: 
~ !EX Lea k Lit•• !. .20 (10 .. 4)(UV So!!!er :uc!.1:J) 0.6S 

E.q.u.atiaa. baud = th• !oll~a hut 1qu.aru equ.a:1.on.s t 

Lo1 1~ (LW) • -4. 6! + 0, 65 t.o11~ ( :-t..&a nv Sni!!•r read!.~&) 

Cornl.c.1on CotH !-:!nt • 0. 59 

S~rd De•i.Ati.oo o! tbe Eat!ate • O.Sl 

9'% COC!!dacc. t=:u-val for I:,.:ercapt • ( -S.03, • 4.)3) 

95: Cotlli danc• Interval !or Sl ope• (0.55, 0 . 75) 

Scala SU• Correc tion faetoi- • S. 73 

a • )09 

tba d•t.a 1,1,1ad to da valop th•H eq1.ati oa.s ara shown 1:i FtC\&t'U l - 21 

throu.sh J-16. l.ach of• thau arapha 1hov1 :.ha dau1 and • plot of th• usu•• 

.too •q~t10o, "1th ~th T&rla.bl .. on a loJarl:.h:ic 1cale . 
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. . 

th• equ.&:!or,.a; w.u ii.sad. t::> 4 •vdc1> 1.:.a;h• 'llh!c;!:. u .l&ta :he .::et.!c:ed 

lu~ r.at• to th• scre•c~1 vU:u.s tot :.h• va::o..a ao~c• ~.,,4 •u·:!c• ::ypu. 

Th••• r:-.aphl &rt tbc,,,n I.JS T!1u:ta l-27 tht¢Ulh l-)2, t.acb !itur• 1!v•• : ht 

p:etict•d =am l••k race a.,• !unction of th• sc:t11.11U; va.luet with t!t~•: 

th• nv Sc!!!&r 0~ OVA. 

Ytae:y-!!ve puce: ccnHdu1.c • !Merv.ala .are shovn on the graph s 

!::>r =-~• pnd!c:ed ::sean luk ~.au:! on t!':e 1be.c sc:uni::.g vduu . Th1u 

con!!~•nce \1::.it t .a: • !or th• :..a.a l eak :.aca .acd should aot ~• ccc!uaad ~1th 

nlu.u. F!1u:u l -j) th:,:u1h l-Ja 1:.aph! -:.lll7 da::ccs::-a:e ::la d.!! fe:c::.ca 

!,ac-.raa:i. thtu t·.10 :.:,1•s of ccntid•e.ca t..."\ia~-.ral,. 

Th• hs-101 l~q: :oC.elt dn c:1~1.:1 :ha :.u«. au u·.'! sc:u::.!::; 

•1.alue :d.~t !cuu M; !or :ha n.1: S'c!.!!u var• .:oe;>a:u! :; ::°:CH ic-vde;:ad fo 

:t:a :e!i=a:y ?:cj ec: ( b.!•i-1:tc:1 a. P'? · H-33 ) . :o r:oc,a:-1 t~• :odds !: : :':: , 

101 1cal•, t•tuts 1.110 perfQ:-:ed oc :h, co1t!:.c!u11:1 of :he il.'I :iei!!u 

~dds, t: should ~• eo:•d. t.ha: :h!s b Qcly • :u: o! :ht co,fH,:i•=:s o! 

: h, lo1 scd., :o:'.'11 u•.d eou cot c:oiut~,: :=:, ~i.u c e :-":"ec: !on !ac.:::-s ! or 

:r•=1!0:":1c1 :o tt• a t1t~t!c sc.a..l•. 

Th• interc:•pt ea:1:.at•• and th• 1lop1 t stU..tes !or values ic s as/ 

vapcr 11:-v1c , are 1t.a:!1t1cally di!!erse: a: :h, 0 . 05 l •v• l of • !.1:i!ica..~c,. 

Th• • lop• ••ti.:a:•• !.:: :he :cd1l1 ! or l!~uit se:-v:ce valvea v• r• alsc !ow:d 

co h scac :.atica:11)' d!.f!~uc: at th• 0,0) level o! s1rc!.!tc.an.c•· Hc-,.·1•11r, 

the 1nterc•pt ••ti.mat•• were ~ot ,1,ni!icantly d1!!1rU1:. Th• co1!!ic!•r.:1 

6) 
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To co:;,u• t,be =od• l • t.~ t?l• a rit ,b• cic sc.a.h. ;,lot• v•n CC't'I• 

1t 'NC.tad tor:~• th: • • ••tA of !IOd• l • ( Fi ; u:1 l•l9 :h: c~, ~ l - 41) . Th• xdel1 

froo th• n!i.a• ry d"ata U'l. b• 1u n to pndiet h11her elliuion.t for a 11Yea 

1c u 1:1t:1 v&lu• i.Q 1v1ry c u e . Fo r valvu in • • • urvic• and ;t\C:;, u a!• th• 

coi:i!id1cc1 r•1!ce.1 4o :ot c•1e:la ;,. 
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To •id in • • ••••ing the co•t, of valv• ~Aintenanc•. the total 

tiaa {ia aim.at••> •••ociatcd w!:h uint enoftt • was record•d e ach t i=a th~t 

a Hric, ot val~• vu aai nta i r....,<! ~ n wn • t0tal of 1'- ti"Ni i n • b e 

units Yisit.-d i:\ which a phct 1..,.l'lteftai\Ce crcv of ooe to three ,_:-eople 

(usually o ne) w nt out in e1;i, .. ~ - ,;o ::,.ai.nt , i n valvea for thi1 1tuJy, 

Table 3-11 1-uaDa riz•s the tot•' •imc (~~3 houri) 1J)Clnt on • •ch 1crie1 of 

valves , The uint c ncnce t ilM rc: ,...: (rtQ 3.7 Dinutes ~r va lve to 28 .7 

ainutc1 ))Cit' val ve vi th • o a-·trq,:• of q , 5 ~i:Nt•• per valve {9)% con!idenc• 

interval tor avera1e : 8.6 to 10 . ~ ~ i~~ces per valv• ). F isu r c J-42 i• • 

hiatosr• shovins ch• di.tt: ibudon ••~ c• l cuhced 111aincen,nce ti!llu for 

the 172 •ch•dul c-d c a i nt•nance at t • =tt ~ •~-=-inad in this •tudy. ?besc 

data i adicated th.at t e n 2 icute1 ;,er ~~lv~ vou ld be a :•••onable ~ • incan•nc~ 

t!. co u1e in ••••••io.g costs ot valve ~inte r.i.,oe4.. 

Soa,e condicions u'l.ccuncu·ed in t he He ld durins thh study 

pre vented attr.=pt1 at aaiacenance. there ..,,.r, origil'l..llly 169 valve, 

H lec:cd !or a.aintenan-c:e , vith l valves =.a! ntaiocd tvicc . Sevu1caen 

valve, w.r« not :;1intaincd due to the phys ical cond i t ion. o r cu:Tent ser1ice 

o f thli valve O • avha 155 cu•• of i:a•intenance ). Howeve r, bt:ca,.ue t ~ 

va• 1;,e11t cxmiaina or •ttc:=pt ias ma intena nce , the seventeen valves vore 

ir.cl~• d ia the ti=ie u t i:atu . Sc-De o ! the cooditions en.couatcm wt• 

rusty bolts on th• pack ift.l al,od• , c racked ,,cki na 1l ands, a.nd i:a i ssin.1 

at.nit nuu. Maia-:ena.nce of va lvu in theu cond i tions v a• prevent ed 

bcc.a-uu ot the fur o! causia1 c a tH t rophic fa ilure by ditturbing th ... 

Another probl e: ea.ccunteNd va1 the in.ability to ti1btcn packi01 a l •nd 

bolt.t du. to the fact that •:;,oxy ha! bun p.ai.nted over th••· P'in.ally, 

tbere wn some ,;alve1 ia v1!ry critic .i nrvice. These val·,es we" not 

d~nurbcd bccauu ol the fur tha t t a=pcri nc vith the: miaht cau.se d isruption 

of the proccu . 



N'tJ:ber tea l ru.e !or Aver.aJ• ?-~ !.:t•:i.a:ic• 

:ia.!.ot e.Aazu:• of ~t•n•nc• rt:. f•t 'l&lvc 

linit hr!cd Attempts (=1:iutu) ( :.Uutu) 

1 l 10 l !O l!,l 
l ~.), . 

2 l lJ 201 lJ. ~ 
2 a (1) • 2! l 28.i' 

2 1.1,0 

2 ~. ,\. 

l l ! •a 6. 0 
l ( 2 ) . '5 i . l 

' lS ) . J 

. l . u 12} 6 .i 
10 ( ' .. 60 J .O ., 
10 Cl) " ,o i'. l 

• l~l ' . . . , . :, 

l l l (l) • lO l7 .5 
2 l9 ( J ) • 1.29 '· 0 

6 ' ! ( 6 ) . 90 !, , !. 

2 lJ !.25 9.6 

l ~ 

ra:.u 149U ( l 7) • 1 , 198 9,6 

• V,al.vt• Wt• :::i0t :a!:.t,a!:.:• t. 
HDo•• cot 1:tclude va.l•1u !o: vh!c.b ~¢ :!:e !.:l!or-~t!c~ .., .. ~va!l..abh. 
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The •ctivt~ie• inc luded in maintenance for chi• •tudy ve:r, restricted 

to ti&ht•oin.s Jt41ckin1 1land bolts to compress t he p• cking e.oterial around 

tbie • • h• au.a and .. , c vh i.le th• valve vu ie ••i-vice. This op1ut icn 

it a aiapl• on-HM saiaunance procedure. Ia many cuu after the packing 

shod bolt• had be,n ti&htenad, the valve vu open•d ,1.od chned. It vu 

tbeo screeaed .a.cain and fu rther cighc,nina va• done, i! n,ce,,ary. 

Nor,nal l y, ma inc,nance on concrot valv•• va, p,ltfor:cd by an 

ln1l ru1Nnt Mchanic, aM ':,lock val vu ~rt maintained by pipe !{car, . 

Tben did Mt •~~ar to be aiani!ic..art di!ftrencu, in the : i~ u c.ui n.d 

for SAi:aten.arw:, bt:tw-en tl-.e tvo type, of valws . 

Other on-liM aaint,nanc, procedu:,a could hav, been ut ed and 

are curr~ntly practiced in i ndustrial plants . Altho~sh ,~ of these 

ot!Mr :.e tt.ods say be :sore ct.. cocs~in1 , t~ey have 1"eo d~n•tractd •• 

• ffective . $(ail ~•lvea have lubricate( :>,ackiq •ad are equip~d v i ch 

fitting• to inject lubricant into the packia1 gl~rid vhile ,~ .. valve i• l ~ 

Mnic•. 'n\t r• are also valv•• e~uipped ~i:h back1eatiu1 eap1b\l itie1 

vl'lieh allov nphc1:Det1t of the packin1 vithout di111.&at linc tM valve . 

Aho available •n comcrcial l•U. ■eali.n1 Hrti~u vhicb ca:1 iaject 

Mel ant into a valve :.o ••al the l eak vhile the valve i • iu ••i-vice . 

Fio.cl ly, same proc••• unit• have pipiaa coa!icu:at ion, vh ich al lov byp••• 

or hola.tion of a valve for rep.ackin& vhile it i, in place, 1ven tho-u1h 

it ,a oot oc-liM , 

.. 



1. 3.uovslty, t .. R.11.abtU : z Th•oey ..-:d l':-ac : i ,a , l':-ae.t!.t•-l:lall, he. , 
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Al'~lX A 

tx;,erimnt.d hoc•du:u 



£XPDL~A!. Ptoa~ilS 

'Thi.a ucdon d.eacrib•• :::b.• •x;u·!.:iul:::•l •pprou:.h ,."n!ch vu :M•~ 

to 1.o.vut.J.an• th• • ! !acu.v•n••• o! oc-Uaa ::.ainunanc• .u • :W:.tll• o! :•• 

duc.1:,,1 voe ••h•S.0111 !:ea valvH in , ... a=d H¢,.::: Uqu!d SU'"'J!CU. 

Th• ••lactioa o! proce.■a w1::: :::7-pes, the chotc• of !.nd1v1du.al 

■ourcu 111:hi.n ;roc1u 1.:n!ta , :::h• scr .. n!D1/ •a::;, L!:i1 :..th.cdoloay, ch• 

aa.alytic~l t•c.hni~l.loCS, a.nd the data-hudli:c :.:hod••=• ell disct.aaed !n 

tb.1■ Hc:.!cn. 

Th!..a ••c:100 L~clvd•• a d••c:!?t!'C'C o! th• proc••• =ii: sclec:!oc. 

md ;.he =- ~od \I.led ;o uhc: sourcu v!:h!:i. :::::.c -=..!:::, . ~• u::;,H.::i; 

td~•dul• !.s &ho pru1cc.ecL 

'Ih• u l• c:t!cc ct ;roce .•su !or :::u:i.og 1.:1 this ;:-gjcc: !nvohed a 

c.oaprou.!.s• bettJHC S£:?11=& .t!!.C!cncy at1d :he degru to vhich :he stud:, 

reptetec:•d th• ;,cpulation of c..':.e:.ic&l ;,roe•••••· ni.ere are =r• ch.an )SO 

=ajor bi;h volu::ie cri;a:1!.c ~':.e.:.ka.ls i:i ;roduc:!e1:. ,u::U>!ti:s: a v!dt a::-1y o f 

volat!l!:y. :::ox!c!:y, ccr.-011·,e~u•, ;rodu.ct Ta:.~•. ;rc-c••• scve:-1:.y, 

product!= ra:::e, uid 1rev~\ race. Th•r• •r• bete!!:::a to •~l!na • l •ri• 

varhey u.C cumber of proceuu. A vid. ulc~t!lffl ot ch.u:ic.a.11 v ould ~• 

i.aYolve-d, •c;uipea:i: :.ar.u!actu.red by a 1ubata.-itial arny cf :.a:i.u!ac:unn 

vould. be repu.u:1ud. acd a ~roac! raec• o! ;,rc,aut::.c pa:a:it:ers C,ru11.::re, 

t•~cracu:e, conod'r..: y, etc.) c~ull! b• tut•d.. Obvloialy. however , t!-.c 

1cop,41 cf testillia !1 li:11:e d by ~och !i.md!n& and ci.:e. I: !1 1nef!1c!cnt :o 

•aas>l• at• l a rc• ==•rot s ites 1f ooly a abor: ;,• rt~d o f :!:De c.ui ~• spent 

at e.ach l"ca:!oc. J.. cer::ai:i &:1ei:=: :.! ct.:. !.a uqu!ad !or u:-up aoc! for 

;,aclu.::11 at each locac.tcn. Som c!:. ! a r•qu.i:ed for !.:.il!.ar!:at!on 1= uch 

l 



mit (pl.act worlc. practices, safety r•&~l•t1ona, et: . ) . Add1t1ontlly . a 

naaor.able nwab•r of t acplet CNtc be obtd.n•d at each location. Th• ruul:s 

froa a Wl'J' 1,ull 1ample Ut say 1)e statht!ca.lly ir.a!s:,.!Hca:a., Th• eho! ce 

of • .ix pr~u• =its to be a a:z;,hd :-eprea.e:1:1 • cow:pro!'l!.u a==1 t?\e :.a.:,y 

1.ncoa., o=a.ct con11de i:-at.1ona. 

Sine• my tin&l• procu• i.:nit c.a.n ex."i.•.~!:. unique cl,ara c;:1ri1::!~•. 

!t 11 CS.a!t~le to t u t uveral u.a::.,l o of u.ch tr,• of procu1 . It vat. 

therefore, 4-c!.4• 4 to tut tvo ..mitt o ! e ac!l. ;,::ocus type . Thi.I ruulad 

in a •~l!.n1 :,la:i UI which tvo phnu for uc.h of thru chem!cd :,rocusu 

VU'I tt'.id.ied. 

Tb• thru ;,roca.u types s:~! • d vert eth.y!.e:ie , ct.:M--:i.e, a:i.d ·:!..::iyl 

ac•tate ;u:-oduc:t!oa. !c.'\yl•n• vu c..'ioua b• c.•11.t• tY'Picdl7 :nu• 1.1t1!ts •=• 
lat&• ac.d wii!Ufln• d, op•ra:1 Vit.~ a wii!• unge o! jltOCUI C!)t1di:ion1, a::.C 

b.ndle ve:y volatile :acarta.b, Cuune vu c! ~terut because :his :::;e o ! 

=1t ( c--e ~ins !h• reac:!on o! ;e:1:e:1• u.d ;,ropyl~n•> ha.::dl•• 1 ?u.:a r:ous 

&ir pollu.:cit, b•cn:ie. Ptodu.c:!.ae o! vt::.yl ace:au ~r~ :.he :ucti~ o! 

• thylc• md ac1t!c a cid 1111 c.~o••n b• cauae 1o=e ot the ;,rocesa. •trea::s 

1.Z 

Th• ol>Jec:ivu of chis s::\lidy ! ~c"'Hd on the d!ec: o! r-~uti:i.a 

oa-U:le :.ai.t:lteo.aoce =: Y&lve c.:.iss!=• and :he occ.une:tce • =d :ecu.rra."!.ce o: 

l•ab !~= valves a::d pi=;, seals . ? a lv•• a.nd ;,1::;i ••~.ls ve :• ••l ec:et !:e: 

(lafer.uc.e l ) b vb.id, all val,,.. acd ;,,1.11:p •wrces 1:1 t he tehc:ed ;,:~en• 

11111u wn. acruned, t.aair.1111 •01.11rces ver• t .hc =. c a11ed , Tl:• « U • of t .la 

••l ec:ioa ... :rtx (Table A•l) vere filled by ra=dcc • •lecticn !r~ these 

• our c•• fow,d 1A the scr•enins ■tudy . 
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Th• ra:ido. ••l • c:tiot'I. vaa ;>•r!o:-=.d ~Y •• l ec:t~& appro~i.::.ate ly 

nrice u aa=r 10urc:u u v• r• !Jl:1.Mtel7 oH •ded !:.n- u ,ch c:e l.l. The He ld 

crev t.-ie n !oHcwed • Hlec:t!c:i. p:otoc:ot !:c-2 t!l•u sr:u:~s o! ;oteo:i.&! 

■ourc:•.a !or te1tin&- Th• p,rc:cc::,l allowed !or ::h, 11.H:.i:iat!on o! thou 

1)-0t&btia l 1ourc:a1 vh!¢.-i ver• ~eeOld !:iac:c•t•i~l• ! er s.a:;,li~ & or ~-ti!c:h 

could ::iot !:I• fcnJ::d. Valvu Hhc:ted for :a!.r::1r.&r1 c:■ ;,,er■ ;!cited !irst fro: 

th• 1rcu;11 c ! ;,ot-..n:1al tcu:c:■11. Tho• • sou:c:11 to !:I ■ 1.:1•d • • c~t:¢lf v•r• 

p!clc.ad h'om thcu :hat vu·• la!t !n t .h• sroup. to soc■: 1.:Cita, :he:-e v•r• 

aot ~ouch ■OIU'C:U :o fill ce r t ain cells , Th••• Ulsu!!1c:11ac!11 vere cor­

nc:t-4 v!:.h add!t!enal 1-=;ih• b othu l:l'l!.:■• T&l,lu A-l through A-a 

o~~!.Ae the :~, r o! , our~•• ;iitked for each ~it. ~~ l e A-2 1u=.a.:!.:1s 

th e se19 l!:i1 ·:a:?'ix !or the •~t!.r• ;1ro1:.a=. 

1. J 

Th• s.a::;>l L"lS • ~~eC\:J.e !or t~e ?l.&.~ts t.n ~~~• ; : 01:a: !s s hcv:i 

1r. tabh A• 7. !ec:auu o! ce~s::n . .!:1:1 :n tl:4 &::.d !1.1:ndin&, 10:. ¢ ! :he 

1ecccd acd th1d, 'r.aiu vere sbo ::.r t~a.-,, ar!.1!1ally pluined. ln :h■ ,1!,­

!:lnv!ate d v!11:s, all ac:ee:-.i."l& o! val vu .&.'\d ;tu::;,1 1n the ■ c:u:ib&f•a~H:1& 

:.atrlx vas ;i•rfo:-...-d. !IClol'• ve r, , c:ae va.l,. .. and P\::;:> e:.isste11 :ieuu:•:.."lt■ 

could not~• c~l •:•d du:in1 th• 1hor:•r r..s1:1. S~lin1 ;ir!ort:1•• Y•t• 

11va1 to tho■e :a.!..'l.ta!."1.ed va1v■■ vh1d1 had. th• h1V-•r or1&!nal tcrHttirll 

valt.M-1 . t'bus, Q• :■duc:ed •~l:.:ic ef!o:: ~ad a : eht.1vely 1c.aH ■ f!•c:: on 

de!!.::.!.:& th• loaS-t•:-= df• c~ ot ut:te-::i.a=c• c-a t ot.al : .us ,~u1e: rates 

(or ve11hud p• re:•ct r•d1.1cti~). Then ve:•. bc;vavu·. a i:.&ller .:u:~•r of 

M&■ut•d •ci.u!.oa : .atea fo r th• v&!v@a ;,,!.t~ lcv•: 1c:u:i.!:i1 va.1-.iu • .u .a 

ruul.t t .h• cOD!idecca 1.."'lt■:vals uaoc1at•d v1t}i Cl• :■ c>Jn•nc• rate .a:1C 

loaa ter= • ffec~s o! u.!ttte~a :ic• a : • not ~u~:• •• na:::,.., •• they :.iJht h ave 

b• c vl~~ at d!:!:iaal saas e:U1 ion1 :.auurc•nta . 
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SCUIS!SG ~ODOtOCY 

2.l 

Tvo ty;::c• ct Hn.ti:1•1• :,c :t.abl~ hyd: oc.ancn detect.H'S ..-c:e us•d : c 

•crHn • ourc u 1.1:i; t ha proc:sci. Thu• ·.1ere t l'a !.ac."l a:&ch !"I-'/ Sn1t:' •: .and 

?he ·a.ai:."t.a:ai:."I ta.sc:u:.at Cc~uiy ; . :.,• ~cc!el t'"i.."1 fo i !'t• ~ 1.J:!l:.: u ,1 

ca :a.lyt!c. cod,ua t!on detecto r to :.c•a urc low conc cntrst!ons ot t l .a-=abl• 

vapors. I t c.att t.•:ec: hydr eca.: bon c ~ : cn:n:!on, u lcw u L ,0 ;i;iu. !'hru 

cc:1an:ratioc sc&.lu, 0- 100 pp:. 0- 1 , (100 p;:::. a:d 0•:1.0 ,000 ;:p: . .a:e ~u!lt 

1.1:i;to :.h!.I l:a t:i.:::,u:,t . A dil~tioa ;iro!le -.r.u uud v!-,cn : he tt.'.' :e.11!!:'!IS 

cxcudcd 10 .000 pf>=. The probe J.lloved r ud!n 1s o f '-'P to LOO.COO ;::1,10. Th• 

inttn::ie:nt =-aur display• the ru ul: u :,p= hexane ':ly voll.:C vhc~. cali:!:>r .at•d 

Th• Tt.V Sn!!fcr ~as ca.l!b ra:cd d.ail y v ! :h s:•nC~rd ~ix:~r •s ct 

b,xa;ce in air. l"llc s tan~ard1 ~•r• 1.1.1, d. One con tained JOO 9p=v o f hex.an• 

a=d t~ other cc::.a:.ncd 2000 ;ip:v o! hcunc. Det ails ~! th• c d!':l r&non 

;iroc.edura, .are c!·.-e::. io • :,rev:.¢" 1.ad!.a::. ::-c:,o :: ,n::.:lc~ "'.uu .ss~:t o! 

At:::os7h•r-!c. !.:in ions !:cc ?ctroh\Q M!~!..::.S" ( M!a:e...-.a ~) . 

~.odd CVA-105 1.s a ,or'l:» l • su c.hrc ~t01:aph ~ :.c.~ usu ,. !'l.ytro stn !h::.c 

lc-::i.h.a:!.ca det•c t ot' t o d.ct•c: h'.,' tt'oc.ar':cn :,:,acu'lt:'.at!cna !rec. l tc l0 ,¢00 

p:jtCV. A d1.lut!.oa probe a.llcw,d conuctn.tiQas u Mi,,li u !.00 , 000 py::v t ~ ~• 

•uurcd { .and, in soo. cues , u;i to 1,000,000 ;ipi:r.-) . 

,. 



•tnutu be fore cal1bnt 1oo . rh• "~Ph li."let ,.,er• th•n ch• ck.ed fot' lulu 

by ptlcin.1 a H:ia-r ov1.r t~• •nd o f t he probe and :alu.n1 t ure the !lowuer 

oath• !root ~•:iel c~at:ered or ttopp• ~- The r/VA was c a l1brat~ accorc : n 1 
to th• 1na:ruc: 1oo• 11'1en !.:i t he O\.'A• lO.S O;crat!:ig &CC Scr·,!c e ~~ud. : h 

!nat:i.1=• nt was calibrate~ i.tt:h :i•tl\a.:i.t . Th• ~•thane st&n4ard v~s a bottlec 

,undarl of SCOO PPl!V :iet ~ n• tn ah. A Tcdhr b•i '-'U !!t a .d vith t i..r;!c al 

tubiD&, urk~t. a nd ut•d exclut 1vely !er t hi• 1•• standa r d. t~1J 'J&& va s 

flu 1hed d.a!ty a :i.1! !U.led vith t he t:a::d&:d before ul1b uc1n1 , 

Sc:ru-0!01 ..,,., do::.• vt: h a C...:-::u ry Sys::--.. U)r-,orat !on O"•' A• lC! &Ol: 

.a S.acl:..ar.ac!: r ... v $r.1!!er. ne valves • .,..u 1cru1Hd 'Jy ;avern."IJ H U d• 1reo 

.a:-ound t he ~te seal and th••••= vh•r• the ~•c k.!::.1 t l • M :ier;es vtth :~• 

vdv• bonn•~ · The point c! :ux!=u: co~::.en:ration v,u !du1:!! i el1 . t ~• O','A• 

105 va, ~-••d be!o:e tte Tl~ : o qu!:k.l ~ !ten:!!y : ~e area o( : ax!:-.:.~ 

coecen.: ra:!on. O«.au•e of !:1 ! alt er res'F,o:ae : :.:e . :be s..a=:,le ,:,~•• ._._. e 

!'\:=;,• ae.~ co·~ru1c:t ver• ,cru::.-c , t th'! eut•r 11"...a!: tu!s !l: 

cn,::plealy : u . .., u-11!!.t 360 ,:h1ru1 ·.ri:h : h e O'-' A to lo1at• :~• ;,o!:n o! u x :.:~ 

co~ u,t?'.at1o:::. O.:cat!oe.aHy I ll•i~h ?'c!lon u :e:is:.::n va, aG!&! : o : ::e O'>' ;.. 

;,r•,h• :.~ ¢ :-!er ::: u:e.~ ;:.ast u!c:7 sc.:-cens on ver:!.:al ~~•· 
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Source• ~ .. r• ••:;tl ed by eh.e ! l.:v-ch: 01.i1h ::iet~ed d11c r:.be: ; :1v1~ slr 

( Rt:hr.-::.ce 6). Ou.U u:., l.!.:'1 1 ::4.i:'11 vtre •.1-sed ln o rde r :.o ucph: d!!!Hent 

sourc•• s ! ::ul :.i..-,ecusly or:~ ~!lut• :he s:11dy•1:ate cc~ccntrat!on 1~ !~• 

s :,-1:e:: : i> co::uplo1:.on le,..ds. .O!h:!¢n -.:&s acco=pl!, he -::! ~Y op,na:!:i; : :-., 

cvo :raia• .I.a ;,,a:alld 1:u:1 :he u.:.• l ui(. , e-~:ce. fvc ::.a '!.::.s :.a ~r•lld ;r.)• 

~\:.C ed a 1!1lut1o-::. a ! r a:, •~!'!.i,;h ,.,,, :·..t!.;e as ?-.!;h .u i:oul.! ~• oba!...~e -:: '-'1:!'\ 

J. l 

l . -z 

• The val'll vu t e.ntld 1t1th ~;'l.1 :0 4...-,d duct :a;, and , ~;,Led 

C••• i.t!1r1oce ! ) . 

• Th• :.at ..,.,., re=owd 1.,-,,d :he valve "-'.U rest r11r.1d as tll 

the !!rst step, abov,. 

Pump sa:ipl.in1 vu £!'1.tlogou• tc valve u :.;, t!:i.g , C\i.1 : o t h• :oi:i­

!11\1.r&tiona of•~ pumps, it v 11 d!!!!t~lt : o constnict sc:all and/or wall· 

••al•~ !ICtS a.ro-.:=d : ~• 7r.:? ·••l- Scr:::a ?~ ·••l (or ·••l •t•••> ~~t~ou• ll~ 
•=i: '.t&tu·, cf.l, o:- c t .he:- ual !lu.ahi:'!.I =ed1a, Th• :C.:'lt :::i.1t h• -..-e U\ c;,c nin; 

to allow duic.•a• o t this ucer!.a.1, A Lua• tent h often t"e(lu1:-ecl to ruth 

areu vbau :.he 4utt t•P• can cell• &1'! adequate ua L An u d.01•: : -~ th• 

M&l ~ y ~ :00 ~ct or :uy ~• 11• : vtth vate:- or Hush o!L I.a S¢"tll a.au , 

1t b ai=;tlr oot sa!a to a tlcv th• :e.c.t c::uerld t9 ~• c:lo•• t~ t~ : ~ac tni 

1b&!t aQ4 u&l uu. 

IOI 

, 

.l 



J . J 

r.c:ord•d dur!a1 th• operat!on ot the s&:pl ! ng tral:, and v1th the an.lyse, ¢ ! 

th• bydroc.arbcc co:at•nt o! t h• afr p,us1n1 : hrouch ::te sa=;,11:ig ::-ain . ~ 

'60+-i 

L • :iy~roc.ar:":oc c:!u!oc :a::.. l.~/ h : 

· ~1 • 1. nx10- s . • ccn-au1o n constu1: 

0 • !>n 11u =eter eorr•-r:tion !ae:or 

r • Tl°"' rate, CF'K 

?t•uur• • :. dry 1•• ;:•te.r. in Hg . 

:'I • Aveni• ::ole:~l.ar vdiht of 1u ('!SSeo.t!al.ly a!:-) ;iau!:I ;: 

throuch dry c•• 2eter 

Cy • Total hydrxarbcc coecect u:ion 1:, a.1: p.u1..~t ; hro ... ;b :ht 

~r, au :at•r. ;,~v 

C,\ • Total hydroc.arbon eoaeu,tration 1:1 air o••r :h• :uwad 

l~ak , our:• . p;,=v 

• • !~•:•:~:• o! ;a, ( .&i: i s::,a::. .&: : ~• !:y • •• ~e:er. •r 

For •xa=;>lt , • ••uc• a total hydr ocarboti concen:rat!on o( 19 .000 ?PIIM va• 

muurad ll'l. the au • t ru.c (roa a tent u o~-d a lealtic& , cur-:• !:: u. •thyle~a 

=.it. Th• byd: cca Ocn v¢u.ltl ~• ua-=tt :o ~• h n.ar.e (Xl--36) . Tb• !oU.:r-·-

f • l.lCF:-1 

1 • 29. 9 1-=.q 

U • 1.0 !.c.Sc ( .&t : t-.e d ry au :aur} 

Cy • 19 , 0CO ppi:v 

c,\ • 20 ;,;;-=.., 
r • :.s·, 
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Th•n - i.9 ,090 .. ?9, 31 

!9 

l. • O. H.:. l)/h t. 

so-_._ ot;e.~c sp•e1•• •~l c.d ~• :• !ou::d : o ~\l!Ckly l•i•:'lc t•te 

: h:~1h .!•~-=~01 t: 1ca et" :-eac :!.cn 1::. :h.c. •--~h Oa;s . >o :.!::.!.:!..=e : h.!1 .!e­

Jr.adn!cm, n=plu ..,u·e ::.ak•r. 1~ 1. 0.1 ~c!lonJI : •,ob•• •.,t! :;h tn•~ v1l•1c1 o:, 

eaeh •nd. The 1uiph gu •,1u taken !: o:i t h• u=i?l!.:i·i ::a1~ .. ':il.l:: u dose u 

~cu ible ::o th• tu,:; . TeHo~ !1:::i::.1s ~ea \lHd :h:ou1,hout :o avoH de1:-1da­

tion, A!: !.::e:,: val-.-. •J!:.h t.:.l•t•kk !!::!::.11 •JU ;,haC 1: !he u~H:g ::~= 

U n• &.'l.d 1Ucd as :?ie s.ac9le ;,o1n:. !he L :al 1eflc:-S t ·Jbu ·.1cre fl.,.•h•d ..,1:h 

:?00 ::.l of sa:;,le !toe tbis ?0 1ot \lli:li 11 1as•tl.j1:ht sy:tot• • The;· ..,u-, :hen 

cloHd to t:ap :be ;u st:;>le, aoc._.e. &r.d &..")aly: t :! or: :he ;u e hto:.1::os r•~h 

~t:h!::. :h:-ee d.!?~:••· ~:s ? :-« •d~ :e ~1s !ounC : c :educ• 1.a.:;ild a e s:ad.a: 1:-e 

: o .a ac.1l!ii:lc l•v•l · 
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'· 0 

Valv• :.aint•na::.c• coa.•1.sted ¢( t1;ht•nint p•ckint 3l~d1 ~hile 

=otlitort.n& the leak. 1'hl'l t•~ " <Hrec:ed =.11.MU!.A."l.ce" re fe rs t~ i:hh p ro• 

etidu.n vheu a b.ydroc.arl)cm detector h u.Hd dur!.n; :he :.a:.n:ena.-ic• .ac::.·,1: 1 , 

The lell is ~itored v!:!: : h• u.&::-.::.eo: Ut\til :::o !1.J:-the, redut:!0:l o! 

ecn•ai::i.a value• 11 cbser-.-~d or une:11 the velve t:e:: rotatioc scu·:1 to b• 

rettricted, Th• tYP• of :.aica:i.anc, ?•:101'\nel pe.dor-::.!na the re;,&!r1 deo;:,eeidtd 

upon :!l• tyj)41 of valves that vu·c '!:> ~e :.&intA!ned. Ccnt:ol vdvu r t qu!.:ed 

!.=et~: pe:-acacd u,;er!e.:iced •,d.t!'i :~• pr 1:1cu 1 ~i: and -.1!.:~ :te pa,:au­

:!cc• oecusa:y to u!dy :.a1:it.a.1::: 01>4 :.n !.c-ru 11hl.le :.paLrl:i; ,;~:r~l •1-..l•:es . 

Jlock •1a!vu were :i.&1::'lta.i::ied by reguln :na1nan.u:ii:e jlcrscr.nel su::.h u p!.p,e.­

!'1:te:, or ~oiler.uk.e rs. 

~ :.a.1.:::ac~ce proc1dures gene:d ly consi.sad o ! !!:st 1<::-He:..n1 

th• ·,a.lv• v1:h th• OVA- 108 ~ I! r•cordi.na: :h• value, Tl-.• ;:.tdt!.:tt 1hr.t !'i i;t..l 

v•r• Ch•= t!ght•~•d a l1ttl• .tt a :1::e vhil• eion!.to:1.ot the l•U: vi ~h thu 

OVA. T1Jh:.cfo1 vu cct1t!ou•d t o t!.• ;io!.:i: o! e!:b•r =.t:i!.:!.z!.:'tg t he h .tk< . 

;ack!ns bol ts, The va.!vt vu th.e..o. 01e:ated. 1! ~oss1ble , and :-escreec•d­

I! th• hlik u=ait1•d or vortea•d, the ;iaek.i:i.1 vu !u~har t1i,~t•n•d until 

the 11:its ia•c:ibed ~e:e :ea:hed . 

C.:-:.a!c ,,a,1 • .,., could :i.o: ':e ::.a.i :tta1:i•d dv• : o ch~!: loc.at!ens b 

th• prec.e1s s:nu. lhu.t veu :!.:i. :;rt:;:!.csl J.c cat10'1U vhe r e s:1clit1aa . j~=ir.g , 

~r bre&ki:11 o! th• vdv• :Uih: prec1p1 :::at e • \i."li : shut ,!o'-'n , This ~ccu::ei! 

vith tvo val-.,., 1.o the six proc,us w .1:s. 
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Oll! • v• r • -::ol!,.ct • d .and :1co: >!1d en ?C! '•'1.0u1l7 p r-e?.ated ,:.c.a 

1h••'!1 , Th1s ! • c:iUt.ar.ed th1 •••Y t:ar:1 !1r o! ::.:dor::11t 1.on i n .a ,;c-nc 1:n 

!or-..at. The : y.iu ._.,d 101.: c u o ! i :t!:>t~•t1.= :ibt.a.i.::1d 1.:'l t h il 1:-vd)' ue 

D.at.a s ou::11 !o:- : M,1 :,: oJ tc: ::ms i.s :e:d o! j!.ac:: :l~u:-v,: :oe.s 

?,y l.ad.!.:: !i1ld , .:,oe:::.d, vc : !,.al c d vrl:a:i. !::;:i.c !::: ;,1.l..,t ?•r:1c:::1el , 

£::.d i:.;,u: f:o= ;,:oc:eu !lOII d 1.13 ai::s .and 91..:11.n, .l:'ld 1.:at:i.a::=e.e:.1n,; ro. 1!!.ii=-~• 

tu?plied t y pl.int ?•rson:tcl . 

.S . l 

= :~.c Sc : u n i::i; i>a: .a ! o r: ( T1 iure A- 1) . The !l.,;c!ia.-: 1c :u::!.:1; :1 1os t : .aceC 

;,:C,CIU i 1.:!u Uld c:~•r•d ;,L£n: H.-:.u vt::i :?:.eu 00 !!e,.- ~!..ai:= . it:;-,1:.a• 

:ur••• ;,ressu r u , &nd ;,ri:..i::, ._.,d U:c«.d&:-y st:-1.a.:= .:~c1t:icns t,,1c:1 g1e1:.sll :: 

s u ppHt d ¢,y phnt pe:aoe:111. The Sc Ncn1:11 O.a:.a !o r.:i •111 reu.Hd !:>r :he 

s c :1101:ig o! th• losJ:rc es b ':icth : h1 a.a=,le ~ii e:>nh •k111 1 source :..: :i~u 

u u c:~ t.=:i: vi 11: d-.::-i.:; : ::1 1.s::;>ll:i1 ~h1..u c ! : h• ;,:o s:a:. t.ic~ It :ea.:: 

S&:i'H:tS d.aa ""-=-• -::o:;,il1d ~ :hru !o r-...1: t !'le Scrun1~g 

D• t a Shu: ( F11-.ir • A- ]) , t?:• S.&--;U..:i.a :1.1:.a Shut ( t:. r,Jre A-:.j. ,_.,,: ; ~1 
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For th• '-'OC luk .sourcu 1::: th• aa=z1lie1 :.u·u. add!t!Qr•l 

LA!or.iation va1 obtained and r•corded c:i. t~e proc u, atru111 data for: cn,­
uu A-7) and th• -..aiu u1d pu=p data to~ (F'!;uru A-4 and A-9) . Tl'Au 

(or:.1 vue c.::cplet«I. by both i.ad~::i and ;llot pusoo:,tl . 

Da ily c.dibratiOr"J o( th• n,; SnHhr ao.d OYA "•re ttcordtd on 

the c.al1bnt1on data to~ (rt1uu A-10) 11hih u;ut scru-n.ifl1 vtluu vue 

:.:ord.S oc :he !en 1bovo i:t f'!.1\1,r• A•ll, !he reput .scrHnic; •tahu ue 

thoaa scruo~ value• obu:ve<! !:l aubnq,a-=t ac.:ee::i!::.; of t!-.e u:a .t¢U:Ce 
by th.e Mae opara:or. 
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6.0 A.~AL"!'TIC..U. T!~tgut-S 

t'wo di!!eruit ,_-,,alyt!ca.l :1tthe-Colog!.es 1,1ere 1J.Ud to q1J.antit,ue voe 

e~t!en, in : he three tYP•• of proces, ~!ts st~r.ted 1n this ?r oara=. ;o::.l 

bydroca rbCD c:ialyus ve:-e j)e:'fQr=itd ~a the e.::J..ni~ streaa 1-:t the ethy lc~• 

a:id C1Jmetse unit,. Tbi• 1o1a.s ,a.t!sh.c::ory i>e c auu hydrocarbons are nearly 

t ltcluti•nly pn .. u::i.: 1:t t h• procu, s t ru=:. of thu e ::·.10 types e f units. !'he 

respon.u of t he fl~ !.~1: at ion Ceteetor ( r!D) to :hese coi:ipoue<:, 1, q1J.!.te 

s1:1l n . Thus. ~ 1:iu;~n: such u th• ! y ron Toal aydroc.i.rli= M.llyar 

(TBC) can b• c a.11buud lli.::b .a si:t;lt :,p:uent.c !ve hyd:ocar'bcn. The e::.,· 

sf.on s::res:s can then ~• ,ualy:ed f.or the ::ot.U hydrec.ar1,cn con::: 1n:: ;,ri:h 

nascma'bl• aceu: acy . 

Howeve r. tile o r;an.1c c~onents e f t he strtua !.:. th• •.-1~:,.!. ace.tau 

p:ocus .:nit do ~:educ• 'Ji.tel)' d.i! ftrfai res;:onus vi: h an :iD. Thus, a :::ie re 

co:;a1h1n.1ive mal:,,sil to !.:iutti!y 1:idivi.Cud c.ooyC1:.e:.a :\.:.lit 1le pe:!o::led. 

The gu chro=-aitoa:aph oust '::e c;:..U.i>rued 111..t!'l th• i:,d!.vidual ::.&jo r cco~o-eeea 

pre••nt i :i th• st:ea=, . 

atc:.a1.1.n c ! tbe v1dt var!.at1en o~ :•spca.ses ~y ·.1t1iht :o n .i:e 

?oni:at:1~ Detect!or. ( n D) o f the orga.."?!.c c o:pC1:.eMs en:.cuec.:•d i.::. the 

vitlyl ac•t•te Ul'lit p:ocus s:rea:s. ,1,na;lyses of ::~• voe • ~ l es 11e:-e ccm!uc:ed 

oa • ii? S7l0A Dual rto Cu Chrc:atogra;,h ( CC). tnd!.•11dud c oc;iooeo:s -.ere 

H parated and quan:Hied. Dua l JH 1&e1i1le• \/tr• 1.."l; t r o-duced s t=ul:.1neouslr 

outo H;,ant• :.ol u=• vith a Vdco 10 ;,ort Ma.sta1loy C ~ultil)o1ct Valve 

U11tall 1d 1..:::.d.!.a-:e ly to:va r d of e.~e C.C 1yri::1e 1:ijecti¢ r: ;ions . Cc: .;ienen: 

pealt Ut•1rationu were co~iled oa ~o Bl 3380 A tl•c:.tr on!c in::•ir~tors. 

Th• pan.o:aeau and their ..,,tlues uud d!,1.rtog t~• iu :.hroe&tog: aphic 

c a lysis o! e:!.uio:is !roe : he •,1..,,1 aceta!!:e u.r.ita 11e re: 



• ?or6?U S io 6' x .2~ i:1e~ o . n. 2 ::i ! .~. Jl.Jss eol~s. 

• !e=;,e:acur• • 1.1o~c Isot!:.er-... d, 

• Flow r~te of N: earner • 90 :i.1/ :.ie . 

Exe,lleat pc.alt te1110i-.:;::!.c..n ,._.u ;tc.hh'l•d for e.chylene , 1.c.1t.aidehyde , 

uchyl ac.eta:e , v1ey1 a c1t,1,te, ~t .hyl ac,cate and aceti c 1.cid. 

0u::b1r of stsndaris involved , vece ,,n, ral ly l i~:ed :o 1 in;le point cal!­

brat!or:u:. Conc:cn::u!.~• o f ch• stmda:d ruu for t~e •:inyl ic,cace •.:..·d.:.s 

~•:1cn Tuh Cvl!.nta: 

• £:hylcne Ut. , 700 p;l:IJ 

10.:?00 p;::u 

• >.ce:alde!'iyd1 1000 1p:rw· ; ,870 r' ji'$ 

• :-'.ethyl Acetate SOQO i'P~" S,lOO ?Pc,,; 

• Vinyl Ac.c:ace )000 ppi:,.: 

• :Ethyl Ac.etu:1 uoo PP=" JO ,000 .. -
• Aucic Add 1900 pp::,, 

c.tlib:ati,e.n standard•, except ethylen•. ·•·•r• !.n1:1ally 11:tersted 

fer dl the u j o: c=poncnts of the ptocus 'IOC s.a.:rlu ~Y :eaas of • 

· ~cr¢0.ics :?JOX ?e~acion Oven :iai.na!.."'l.ed it 1oo~c for 4.11 ,c,1,nda~s . o::-­

cit:opn ~a::ier flCN vas kept in the S0-100 =.1/::.!n :.m;e . The pe:-..c,1,tioo 

ovec cook up to u-.•1:al hcurs to u,•e•t•bl1s h equ111briu-: fo r the pe =ieatioa 

scaoda:i• when interrupted by ch&-~g1ng !l<1a1 races, losa o f tt::;itrat~re, o: 
los.s ot O"o'ec cba:ll•r 7rusure 'Jhe-:-. chsagfag ;i.e:-:::iai;icn t~bes. Conuq..:.e~tl;' , 

cylio.do: t.utk s tandard.• ve:• '-I.led to co::0bo:ate. aad c•pl.lc• ;,er:i:eat!on 

st.anda.rds vh.c:=•v• r possible. 
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due :e ;re.a: •dso:--;ciet'I •.1he:\ tx;,c-ud to :etal sur:a.ces . ~.us. cc:i1os 1:.1¢:\t 

of" 1t.a.."1.d•rd guu Jtond b :.etal cyU.:"IC.ers ·.rere net :'elh~ l.• · The t vo 

gaies vhich .re re !ou:i.d to •dso : !) ·.rere v"t:-,yl •ctt.atct .i.nd .ice'!1.: • c:...i . 

Acet!.c •ci~ stMidsrds 

va.luu cf the. ratio ( 1n:e.9raco r 
;,,;:~ 

:au Ceclfoed a.: • u;>!.d r .aa •~ter t!'!e !!.:-st d.ay C t' :...-o usate of •r'.:-.yl 

•c•t•t• i=:•==- • t1C:\ ;ub• . 7h!.s !•cl::.:"le ._..a.s app;1r-e:otl;· :!t.1e to the .:he.=--1:.:al 's 

~oiy:wrl:•t !.,;,n !!!. the ;ie::e•:.ian tub• •t eve:-. tc:;ie.:2:~:~, . d•s;,i:e :r.e ?=es­

ence of ~ydroi;u!.!!.cne !.:i.h1b1to:-. Th• &'\14!.lablt ;ier=e&:icn su:-face H•.t ::t~s 

dec:u.sad 111.t~ !.r.c:-euing poly:.: i d !or-::i.at.!.cn , Th:.1 ;,:-cpe::.;- led to :.!':• 

study r•d:uc:i~ of ru;umu facto : v.i:.:u ( ,:~t1.:.s ). Th1l ;,:-0!>~•= .,..~, t !. !"• 
Pr="' 

:1.1-.....,e::.tie.d ~y r•l•t!.ng the ::.a&::r.:: ;,e:·:,ut!.C:\ : • t • =-e.uuTed •.1!.t:-. st•1e:J1l ~ 

vinyl • ce:ate tubes to the ace:!.c • c!.~ t ube pe:-:.eatie~ rate. ~!.~yi i ce td: e 

:espoa,es ..... N- t~o dear.:i:ted b / :e<1su:-ini th• .i.ee:.ii: <1ci~ : uporue u.d 

&ppl)"1.ng relat ! •:• :-espcn.se :ac!o,: ::~ t~• ai:ec!t ,1,;iC n o res;;onst fo r ::':':n 

C..ay. This ca: be , .. o :sere d .e a:l.y :.:, t~v..1:f..:r. ,.;.-2 , 3e l:l"•· :he e:~y hoe 

1o:aJ:1da:'d rt"!) ru?on.Se !Q.Ct~: ·.r.u used :~r e or:-obc:-.1::!.tt. 

C .. 

120 

• 



Cu •=is•!= u:;lu !.a :h• ,,u:yl 4C•t4U ,.n 1: a n t ak•n i.n seal! 

T•ficnl' c-ubu. Tb.• H tubas are 0 , 125 OD, a..'\d u;p•d at uch end v1:?-. i!ole!l : on 

=iai-1:len tvo vay valve s . The tubes 11.r·• prc;iared by !lush1:1i the:i "'1th 

•tmdard guu fo!' t·Jo to f1•1e :t..!nutes. Then :h•Y --•:-• ~lated «. -;he ::i.:.h!.­

pcrt au u::;,l!...-,.g ·.-.l,... en the !:i.lt:: cf the CC and :he cc:-:tcnts !lu.shtd :!o: 

fi!;een seco~ds onto the CC col~=s. The tu~•• 1.1c:-e :~en ~lushe d "'it~ c ar­

:!•: JU for a.pprox!.:ataly l0--60 ::!nuus. The : u:u 1.tea :udy fo: ·.iu en 

cM. •cpl!na :rai..:, t o ca:th emission 1&1:1;:lcs, 

'.lh~ t ~• tubes -.,ere !!.lled •,d.th s&:4)leS. they 1o1ate pl.aced or. ::'.e 

::W.tiporc. su n=;i l fag ·1&l'-'• and the cor.teets flusi'.ed !or :!:tun sec.:.nds 

oat.: the CC colu.::is. Analyses o f \"C< species oceun•C ·,:ithi:, : h :u e.1~•.:.:es 

of th• t i=• t~e sac;il tt ~•r• tUec. 

A :eu u:e c f che accun.c~· of this u.:plitii/ .a.."1Ai}'S1s ::ethcC cu. be 

fou:id ia : he :-a.sul:s o! c:iss1o:t oeu-.in::ic.nt acc-u:acy chec'o ::.ade •Jith u:hy! 

acetate , The reco~-er, o f t:hyl acetat • r~n,,d ! :o= 9S to ll3 pe::eot, 

3ecau•• cf th• exclu•iv• pnse.:tce ct hyd: oc~:-bons L~ :~• e thy h.::.e 

md cu:ia!l.t pi-ocus W'litl , ;irl::.ar, ana.ly, i s o! th.ese fog!:!•.•• volatile 

or1anic car~oas (VOC.) vu undenakeo c:t a !yrca JOlC tot.t!. liyd:-ocarbc-n 

Analyur (!RC). P:1.:tc.i;,lu o! Ol)e:'Aticn and s;ec!f1cs to this pa:::!.c.•.i!at 

o! Z0.000 pp:w fc : ~uant!tat!cn of :h• voe sa=-1tl •s o~ this 1nst~..:en:. ~ilu· 

tiOl\s of th• :dcvu: u:;ilu ·.1cet Hde •Jith a 1..5 liter j.U- tiiht t ')' r!r.3, . 
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~thm• c al1l>nti0t'I• wer• .::ar:1.ed ~ut dail')" <:'ll. t~ THC •,11th at1 

SOOD ppz:v »thane/ air tUU.: standard. Scm=•thAl'le hydr-ocn~on. cal.ib,r-.uions 

vere Al.so carrled out daily on the !SC vi: h • 2000 ~v=v haxane/ ai: s:uid•rd, 
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APPD.'DL"t a 
Q.aa P_.ndl!.:tt 
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naca v•r• taken ar.d r•c~rded ¢n specl&lly ;irepar,t Cat.as~••:• 

a:i.d hmdcarr:.•d :.c t~• data :iae&ge:en:. a.i.:. :nc:e~sistenc1es w, a resol.-:td 

and t..'l.• d.au. it,nu."\c:.~ec! Cld e.r:1tt red i ::.t~ :.ta ,cmpu:e.ri:eC C.a:a i>u• . 

1.0 Fln.D Plt.OC!Dtil.!.S 

Data were :.al.,:::. and •1a.luts recorded d!.:ect l/ i ::.:o ':ound :,,cte:loekli 

conta!:1!:i.g da::a shu ts. St;!.&t'Ue ::.o a;o elt.s !:> r 5c::un!.::.& , 5.&epl!.:t; .anC: 

•=•lytic.al para:e:«rs 1o1cre used, 

I!i.!or=ac!= .:!.a:.a ,h,ets !or ;ii=ps a:u! ·a~·,es wer e used : : cc!.:•c :. 

physic.al &rod hi.s:ortc:a lt. da:a. T':':u• ..,en sub:.!::td :~ :.he ccmpc:y :on:ac:: 

acd su!:lsequa::.tl1 retu::'l t d to iud:..u:. 

t.r.· data 11,r, &!11a.~•s h~-:.du.:r-:.td fr~ : ::, !ieH : c Al:St!!i u:d 

pre•tr.ted to th• data :.&.~•I•~~: tta::i. At :hat t!.::.t, ~~ att•~t wu ::.:ldt 

:o till L.~ A--i'J ::.i.u ing d.ata .and t-o ruol·1e .a..-i.y .appare.r.t inc:in.s!..sttr.c!u . 

Thi.I wu aec~Hshed i:: • oHt!.n& be e-.;een 4.at.1 'Jue :c.:,,ge:.e::.t ;:e:scsr.nel 

and a :&::le: o f :h• !!Ill~ , rev . 

2.0 

Dat~ sb••ts rece1v•C f~~m ~~t f ! eld ~ •r• logge~ i: ro • d.:,,ta log 

ahut . then th• data w•:• :unu.a.ll y ed.ie.i! :.n ot"de: : o el!.:daa:. c-'tlvi¢ uS 

aiaukn md 1:c:ons1.su~c:!.•s. The ,di:ed da.t.a vere. keypunched and 'u y-

3.0 

l'rogra:a ~1.-:.1 :he $,\,$ so!t'.t.a.:• syste: v•:• develc;i•d e.arly i.-:. 

t.'i.e project to 1.n;,ut and. ;,:edc-r: a uc=.d ed!.t en ~• d n.a. Cn!•1,rsa: : . o.s 
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w• r• us• c irl e ach d,1, t.1 s e:. s o t h.at to:;il etc c'!'OSS• -a h:-e nc ir.g '-',U ;,ossi ~ le . 

rewar d.I : h -. u d o f th• ? ?'O jec : , al!. t !l.e Cata 11ea o:g.a.;:;!.: t d irito • :-, c : .a::;•.:· 

l ar!y str ·.ic.t 1:red !!:Uk til • · E.iich ti:.e ,1, seu: :. 'J U ,e :-ee.ncd. s.c:;ih<: ◊r 

:.ai:i:a.1.:ted • : •cert •.:- .added to th• f ile . All ~!.sk : ,co:-ds 1,1e:-e .:r:.::e::. 

•~ • :: f ! eld t est1.~g w, s coi:ple:ed .nd a ll C&tA h,1,d been incl uded 

i::: th• t!itk '!!.lu , comput e r t !..st!.:lts of • ll ,:bi: .a ·.:e:<e pre ;>a:eC. Then 

list~&• v e ~·• audited '!>:,, :oc;,.a: ! sc::. : ~ t!\e e r ~i :.:-ta l ! ! e !.d ,fat.t. sh·ee :, ,1, :-:.C 

I~. laboratory M t t boo k.s . ,\J.l t.n-:.onaisunc in •.tert co:nc:1d. D.c ,.-a.1 1.,1.1:t<: 
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1.0 ovt.~nri: or gu.u.1n comot n octi>t:ns 

Ccmpreheo.s!vt quality control ~•s •=?h•s!z•d th:Cuihout t~e ptoit.a.:I, 

ill pha.au of tl'I.• sa:pl!:i.; &0d 1nal;-S11 t!fort from u.;iu~•:ttd du!;::. 1:0 

d.ac.a :educt!en ioc.lu.dad s9•cif!c ~ual!q, c:ntt'Ol ;a·Qc:ed\.l.rU . Th.tu ·.·e:e -:...-o 

:1,1,jo: obj•c tiv•~ of:~• q~!t7 control ef!ort: 

• :o !den:Hy jlt'Cblt:t u th•Y occut-:td 1.t'l :~• 

field . A.nd 

• to =-.asure and -icc-=•:i.t ccc1;.:t'i:1.g le•itls o! 

accaraey .&:1d pt•e!.s!.Ctl of a.ll :euu.:-t:eacs, 

Quality con:;ol s~it•l!.n•• ve:e davtlo?•d co be boch co•t ef!e~t~v• aad 

adequ.ac• co !~•u:e c:-td!.blt data. Th• qu.a.11!7 contrcl prei:a= to: 1:ht 

umpU:i.g a.::.d an.alyds acdvit!u !.:1cluded t~• follo\t!:11 elt::an:s: 

• sampl!.ns and su?>uqu~t .a.ndys!.s of st.1!l.d..rd gas 

~:ur••• 

• <Uily calibrsc !oa =~•cks o! 1:he screen~~, 

devtcu, 

• d•ilY ta.stinS of ,creetiin; devictl oath• sa:e 

IOllrC•, &:id 

• replicate , a=pl• ac.alysia and bl!cd statdart 

an&17sil !.ft ch• laboratory. 
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U•ill:g tht • bov• objt-c:tivet a.~d a.c:t1•:1cy J'Ui.del!nu u a ba.d,, 

th.1• Appcdix pruut• th• va.rious typ.e• of ~u.allt y ~0ntrol da.ta. col l•ctt~ 

duri.D, t h• pro1ram.. Ta.bl• C-1 sw=a.ri:es :~• a.ctura.cy •nd ?rtc:ision o! th, 

..;tlllll &ed ~a.lysis proctdurts uud 112 :M.1 p,:og-r.1.111, TM Qua.Hey Control 

rH!.llts art pru•n:e.d in. thU •PP•ndi.x u !ollovt: 

Section 2. 0 - Qu.a.J.it7 Control for Scruniag Dtvic:u 

Stctio= J,O - Qu.ality Coo.:rol for S.a::r.-pU.:11 at1d AD.&l.y:icd 

?roceduru 
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!AIU C-l. Str~.ARY OF A.CCUR.AC'i' ;..tQ ??..tCISlO!i Of' 
SJ..~l.I"!iC J..'ID ;..'\.U.'iS!S TZat!-IQIJtS 

Jlai>U.tabilitY 

Pe~c•ct o f ~ar U t!ott 
1:i. D.a:::a J..c:ributable 
:o ~•uuruiect 

Sa:1'11.tig and 
An&lysi• 

a&pu:::abiU:-y 

S.aapli.ng &nd 
NL&ly•b 

Sc:-eu1.!:it Oe•1ieu 

90 p•resnt ~f edibrat!oo eh•clu ._,er-t 1o'1.:~i:'t + 20 
perc•c: of th• u~a:d; i,o t : H:s o r bLue.s •.-s :e 
coted in .any of th• 101::-wte:i:1 ( s•• S•c:!oc ?.l) 

sc:r••ning v&lue fc: • ;iv•c so\lr-:• vit..i. a.ti. a•1e:-ag• 
sc:uo.i.D; value of x c:an b• e~ec:ed Co ,.,a:y he-:. 
z./5.6 Co 5.0x -.ri:hln a sho:t :1=• ;,ericd ( see 
S•cti.:ic. 2.2) 

Abo\lt 18 p• rc:•n: o f:~• variab !Lt:; i~ che sc:een-
io; va.lu•• froo :he ulec:eed 101:TCU •,d,:.h ~:!r>le 
:ud!.:111 can be a::r!bucel to :~e sc:ceoiog d•viees. 
!"J:lu ch~ SO p.erc:e.ct of ch• ·iar!a:10::. is attr!:buta!lle 
:o differtnc,s b•:v••n th• sou:cts ( see S•ctioo l . l) 

i:.be averag• ;,•:ct.ct d!!!e:tr.c:e !ro: s:.a.=da:-~s fo r 
:~• ;,.-o an.al 7tieal syst•~s u~ed is i.~ ;,erc:eo: . 
1:)41c:a titlg a sllght ;io s i :ive bi.a.$ i= t:'I• analys!a 
<••• Section l.1) . 

Aver~&• :ec.ov,ey for :~• n~-1>en:e:-.e: s:mda rds ._.._, 
102 pucene, !.:ld.!cati.ttl no b1uu :.c :~e :~a l 
soplil:l&/ &ndys!a •1 st•= (su S•uico ).1). 
Th• ben:eae :hec!t.s de not !=!pact the dat2 !n ehe 
report. 

The stuidard devi.a:!.on !rec repeat u.:.jlleS fr~c th• •-=- scu:c• ~u 23 pttce!l.e., vhil e the variability !o 
tl:I• standard checks va.s 16 percent ( see Section• 
3.1 a.tid J.J). Th• di!fert ac• is ae.trlbutable : 0 
,hort-ter: ~•rta:!ons 1.c ;be actual leak raet and/ o: 
var!.at!cns i!l preen• <::Ondi:1.cn•. 
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Th• se:tenia1 ot sou:c•s va, aecompliahcd •~:h •ix d!f!t:..r.t 

~t:-.=aac.s 1~ us• a:. various c.i=•• ic t~• prog:am. Then i:icl-.:.c!•c! fiv• 

Ca.ntury tn.t:-umtat Cocpacy Or1aA!e Va;ior A:ca.l.yzt:s (~cd•l OVA-105) aad oae 

J. W. !ath&rach t:atnmitct Cc=paay "T" .. ? Sn!.fhr." 'r.:le Co?'rupond!.:lg i:is.:ni­

M:.'lt 1.deati!!ea t101:1 ~u=bc:s .art 1!vea btlov: 

Dev!ca St:!d Ass !.;-atl! 

Tv•• s=•r tt> Su:b11.: 

OVA usa l 

GVA l..S1S 2 

OVA 2159 l 

OVA 2a,a ' 
tir_v it8Al1 ; 

CVA 2254. 6 

Z.l 

n• OVA ud n.v i :i.stn=•ct1 vcre c.al!br~t•d tach day. Scand4:4s 

of 490-800 pr-v and 2990-4000 p~ uthan• 1%1 a.tr v• r• u••d to obtai~ a 

tv0 1Qint c.a.llbntioa u ch day 00 the OVA: lC0- 300 P?=" act 1990-2000 ?P'C"I 

ha:z&n• 1:i. a.ir vera ~•d to calihratt th• nv. !cfort a r•c3.l!~ratioa va~ 

ud• uc.~ d.ay, t:h• valu•• obta.iaad 1~m th• 1:1.,cr.=~nt var• rtco:d•d. This 

••rt•d tvo ;,~eyosu: 
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re .addi:icn tc the 1.,,._. .ant bigh standard cal1Qr.a:1cas , a dil~:ton 

;>robe w:a.• occ.uic::ialli' .attached co th• i:i.stru=-,n: .and .a:othe: :udi::.g 1,1as 

t&Jten. ne probe was se: at 10 :l or 100:l dil utic::i of the ni&h sta:ida:d 

conc:.e:atra ticn. 

Tiaur•• C-1 c.h:cu&h C- lS .are :he plo ts !or th~ va:~ous c.tli::ation 

:eadinl'• They art plotted ac:.c:.c:diag to inst!".c.en: -.~d ~~er. ~Y lov, ~i3h 

&t1d 4il~t•d stand~rds . The s~ols ~s ed to !nd!cate th• ii!!e:tn: sc:eee10i 

va.luet a:, t he 1::.a t!".ce~t ID ni.=bers. 

~.o•t o f c:.ht ti!fe:enc•• !c\Uld ,.,,re l•ss t~ar. 20 1er~en: of th• 

~ ccnc:.eat:atioc , ·,d.:.h a hv be t"".1uo 20-)0 ?trc:.eot . :.en• of :~• de•1tces 

save u.y 1::.dic:..ation of a ccnsis:,r.t bi.as (c : dri!:) a: ei:~e: t~• ~t;h c: 

low 1.-v•l• B•••d oa t~i.s ~i:.di.ot, !.: is concluded that :he dai!y c:.•li~ra­

tiou o! th• sc.ree:ii:it devicu .at :·.10 1,r1e.ls u..si~; sc.a.'l.d,ud ;ues ..,u •=•~uatt 

!or oi:lta.ioio& coc.si.s ttot, unbiaud :ead!:!.3s • 

2. 2 

The n;,•atU!l!t7 of : .he t c:un.!:i.g tedc.u a:::! :he •1,1:-i.lO ili:7 o f 

tc.reU!:l.S val..:es !rac t be sa:e ,ourc.t eve: :~ ._.e:-e !.::•1e1tii:i.u.d by :h• 

pe:!o;-acce of msltiple 1c:-ee1Uo;• ca t t• aa:e scu:-c• by tt• ••=- cp•ra:or 

ea.ch day :~t t e ,c.U!.1 va• ~one 1n a uni:. Th••e r•;•at•d sereeot:i.ss are 

useful 1.r.: ••••s•t.:ia: 

• r•;,•at.a.bili:7 o! ,c.:een! :i.& =•••urei::.•o:, (di!!t:tr.ce be:..,~~n 

=ulti;,l• readi:a1s en th• n:e 1cu:ce vi:hin ,. sho-.·t : !.=• 

pttiod, !,.e. , len t..li.n !!se :inutu) ; a.r.d 

• var!abilit'/ b =c.runLi.; •u.lu..s !:ca ,. pa:t!ct.:.hr 110,..:ee 

over ~!=e . 
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A total ot fourt••n v1lves v•r• sc:1eaed :ul :i;>l• :i~s dur~n, 

:!11 pr-,1-ra:i.. P!ou of :.he nt>•at•d •<r1e.n~n1 ..-al.uu fo r tv1l·11 valves 

vith :ion :..\.c !iv• t<:uni:1.1 valuu u-1 sh~ :.:i. F!_.::u C· l9 :~r01.V, C• 30. 

t.ac:.."I, !11i.i:1 :-1;,ru•nts • • •.i• r•a 'lal•11 . Sc:u::.!~S v•!uu ne. ;: !.c::.d 

a1a.:.Mc :.':.1 Juli.in datt cf JCr,uai:1.g. th• 1y':lbah i.aed t o 1.nd.ic&t'I : h1 

d.itt1rimt •cre1nin1 va lu1s • r• c~, 1n,cr...:cnt lD ~=•r•. Th• 1011:1:hc 

acal• U u.a1.d en all ;,lets fo r ■&U of c~•r!1cm. 

To •~!'!.u t-'i.c v■:-1 . .&t !cn i:I ,cruaias •1di.:.u ob■•:-"'ld fro=:; :hue 

u hc:1d ,ourcu, a t:at1at:.c al ana.lys!a of variance ,.,., done. The an&J.11!.s 

ot varia:cc1 ;ir oc1du:1 u:1:.at•• va r1.u:c1 cocipoau ,u -.,h1ch 1h01Js t:!:.e -:on:nbu­

t.!o-a to t-'t~ vart.a t!c:i i.= the l<rHe.i:11 ::.u..an:.n:::s . T&bl■ C·Z ••·-n:.:u 

1c.re1n!:l.g ·:alu•• is a:: ri.'::utabl• eo :!le u pllcatt ru.d!..,&• cbuteec at :~• 

,.._ :ime . The 50 ;ier:::ent ot the ~• rlat1or. attrlb~t.ibl• :o th• di!!1:1n: 

valvu 1hor.rs :?,at t.'l• , cae:in& devic• !s ca;,ablc ¢f ti!!1: en:a:i:-1g .,.,.i.,, 

The var1..&tion i:l. repl1cat• ,cu1n.Ln1s ca:i:, b• uH d to d1!i:,1 t.h1 

np ... t&b1l1:y ot -:.h• ,cr .. nin1 =•uua=ant. Th• O.l:.l 101 ( n:.) 1 11a::.~c• 

co:;iocc: !or :e;>1!c.a:::e :-ea.d.!:lc• ;!\·e.s a • t&l:'ld.ard d.1-.~ at!.on 'Jee-.111.:, u;>l:.,:.au 

nad.inp ol O.J8 101 ( j>pcv ). 0, 1:.1 :?1!.s tta:idn d d.evi.at1co . , c :-.. r.!::1 •u!" u 

:a.~s.1~1 !re: X/ 5,6 to s.~X c:i.e b1 •r.:i•c:•d (95 ;>e:ecr.t cc-n!1daace) :ro:, 
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' 
TA.IL£ C-2, VAAU~-~ct COMPONINT ! ST!::AT!S FOR O\'A 

SCl!tsl~C XLA.SIJll!:X~·S OS VAl'."ES 

Soun.• o! 
':&d~tion 

Yari.&t!oa !etvu,c 
Ind.1v1dual Value• 

O.y-co-0~y Vari~t!ca 
l YU:hi= & val.,.) 

Vari.&t!on Fro: 
hpU cate Sc:-.t:11.ess 

Lo11: (~c:••~.i:,I .,-al~• > 

Dtianu c! 
T:ud!)m 

)22 

13 

lJS 

Vuh . .ec e 
Co:;ion.cM. 
bti:Mt• 

loa::<n=v>: 

0 . 77) 

o.zu 

0 . !41 

h:c•ct of 
Tota l Va rh,tion. 
!n Sc:unia1 

\'d.,.u 

100 

n.o 

U.J 

(S•• Appecdix O tor an •)Qlan.-ticn o ! th• an.alytil of va: !&ccc proc■dur• 
ao.d to ••ti.Aat• th• v~r!a.nc■ compoaeacs. ) 
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Qu.al!ty control prcc•Jur•• vtr• 1.o:;!l•=•r.t•d :o an.aur• acc~:a:• . 

coa•!•t•~t arul w:1b!•••d an.alyt ical .u,,d f.a:? l !..ol t •chc1q~•• t~rou;hout t h• 

proj ect . Th• procedure• d!scu..• •d L~ th!• ,ect ioa 1ecl~d• : 

).1 U:!.nd Standard• 

1.egul.a.:-!.r •c~•dW.K .a.=.a.lyu s o! bl.!:,.d ,atl4~:~ v• r• uu : : o 

evalu.at• both th• Byron JOlC rat.al Hydr~c~r~cn Atlai1:e: (THC) aed :h~ 
Bl" S70)A Ou.&1 nt1 C• • Chr ciucornph. t "i,e f0Uovtn1 st.-r.dard ,, .. , ..,•:• uud 

!er t h••• checiu : 

P·ro1)&n• 147 ..... 
Hexane 49 ppm-,-S,910 n ::v 

~:.b&n• 2'S ,,,.. 
!:.':rl--=• 11, 420 ;,r-v-:..6 , 525 ;,;::v 

T•bl• C•J liats th• data f ro= 21 hydro~, r~cc st~ad~rds acal r••• 

dur1=1 cha dx :ao.nth project. TI1• d t.f!e .. n:'lc• beC\lu n t.h• ;,upar•d an.d 

M.Uur•d c~ncntra t!oa is above u th• ,..r=•~t d!!!•r~c• . Th• percent 

dif!•r • c.c• 1.s dd~•d u: 
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Ttatu c .. ll c~cd.t1.1 plot• o ! -:h• P•rc•nt -d!!!•r1nc • by Jul!.ae <! .a.a . Th• 

max~ ;•rc•~t d1!!•r• nct !o~ed va s )2.~ P•rcent , ninety p•rc•nt ~t :~• 
di!hrt.ncu '-'•re V'ic~i:s 20 pe:c•nt of t:l.e u .uuLard conc •r:trat!on . So si;r:i!!­

cant dU!•r•~~e ~•tvtan the :vo &.~•l; :!~a! •Y•t•~ ~•• noted !re: : :l,efe 

• t.&:1da.rd a::..a!y ses . ~ • averase perce:t -il!!1:1nc t ~•• :.• P•rcent { ~S ~•:ctr:: 

ccoi1d10:• !~t•r.r•l c t 2.! P•rc•nt to lJ per c•ot ) . 1.ed! ~~:tnc • s:tgh : 

Acc!l.rac y .:h•cks •• •t• use d to ev:alu.i:u t i':• ov• r tll accurac,' of th• 

~ag1in1 sa:-;:L!.:,,g .a.nd ,1,r.alys!, ttc!':::i.!~1.:e . The d11a!hd ;l:'OCtduru usolf! t e­

per!.i,:-: :he.se tu:. wrt develc;ad ~;I' ?.a:!.Un ( !t, !ere:;.ce. 3). 

th• j)toJ11ct . 'n:a ~••ured 1.u.i( rat,. t :--.dt:ced h aic. :.a:, , u11! :he ?•:-:(.n! 

r ecovt.ey :.re f~(l!l.le . ~e pe:-ce::it r • ccve.nr ta ,,!i1aC u : 

~• ••ut'•d l e •:.t :-.at• 
bduced Leak rate x tOO 

Tha r •cov• :-i as !er ::lo• bu,:er:e t:J.nlards :•~d•d : Q ~ • :or t ·1a:!.ai:: • 

d•a;c :ti.a ot.he: ,anda:-l!s. A!ta: th« !!:s: ~•r:.:, ::.• p:<~v,r., o ! 23} ?e.::•n: 

vu obu~•~. :?-.e 1a.c:pl!.c;/ a.O.C.y1h 1yne:::= va1 i:i·,udi ~t•d. ,\ i:.otv h•l'lan• 

•~a.rd ( Sc.o:: 1aa) va.s ;,u:-c..':.a uc ~d dec:.t•d •ttl": t h• ~•:-=u:::1e::. !ub". 

Th• tubes ~• :-• !OIJ::4 :c Oe t::.ac.cu!'a:::1 !er c. .a.l!bra:!o::., sc the Scet: st.a:i~.ar~ 

vas iued !or &.11 fu:::u!'e l:..sl!b:st!oas. Th• !'l.!na ad:Htion.al ~•~:e.::e &C.~\H'• C.Y 

c.hecU lad an avers11 recovery o! 139 ~•: ::en::: lrl:h a 1::a.ndard d•v!.at !On of 

i2 ?t:'f'Cl:l.t . Thi \ 1=.tt::)• :-uula Vl:'e :io::: 1.1,,... Ln the C)a l1• h { :., : c.h1s 

rr,,or... 
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Th• 44 •ceur-ac:_. tua ua!eg Handards c t~•r- t hu:1 b«n.:ene .':&C 1:: 

• v•n1• ncovuy o t 101 . .! P• r cent ·• !th • sta nd.a:<! d•vi,u:!on o! t}.~ ;,• : c ,r.t . 

Th• • • val~•s ar• coa:;,arabl• co r••ults !rem 1~ st.:.!lar .accur ac y ehecka •t 

r•!1J:i•r1• • v! : h •= av•r•c• r•covery ~! 91. ~ P•rcen: a.nd a 1tanda rd d•v~•t!c r. 

ot 17.Z ; • r.:•=t ( l.e!•r•nc e ! •. 

b?•• t•d t.a:;>li::i& vas ; er!o:-:ed oft 11.x soure•s dur i ~i th• cour•• 

ot the stwi7 by t&kL~i :-.Utiple b•ca•d sa:pl•• !re: :he •cure• a!:•r ten::.n,. 

Th• r••u.lts ot th• • • t•ats .ar e 1hovn in !abl• C-S. fiaur• C-lJ shova th• 

individual r•rt•ftt d!!!erence ;,lotted aga1na: th• •v•r-•&• l •ak r~t• !or th• 

bau•d 1our c e . A ».x!-~ ot iO ;,.•r·c~t di!!•r•:1.te ~nv .. ::i 1a:;l11 .., .. : ::.e 

o r-111.n&l 1c.d for th• ~• is:-=& 1.1.:;,,h.::.; ~C a:'1.d:O- t!.S 1rec• ch.1r• . .~ cui b• 

I H n. dl ~ut oce of t!\e :heck.I ver• '.l!th!n :hue l !=!ts, 

Consil!•rin& ~oth ;,u:;,a and val•1u together, th• aver-age 1:an.d .11r-:! 

dev!a t!oc. c ! t.~• r •?'e•:• d IC?'Ut'l.i!:.JS !I ?J ; erce:t: , ?'l:'lh vcu!.d y!dd & 

cco!!duice 1!:.!: about a s1:1l • t es: o! z ~6 P•r~•a: . 

nus , .. ~-,,dard d.•vht1on o! 23 ;ert•nt i.1 :cmpo••d o! •ar!.atton du• 

to ac.a.ly11s, 1a:spl!n1 : r ai= co=pone.n:.s , tampl1oi :e.a: •1fett, a~d i:ihcrtot 

•hort•t•:-: • •r!.a bU!q !: :he lea.k r • :• . So 1!p!.!!:an: d!! !e:cnc•• ~• tv•e ~ 

aupl!ns : emu or 1m:l)l !og sysce:JS ~•re !o i=.d. n-.e re!ore, .a 1ir:u!1:an t po:• 

tion of th• va.rf.ab1Uty i::i th• leak r ate qud1t7 control 1uplu is ;,robabl:1 

due to abort-term c bac&• • 1.c th• l e ak rat•. Th••• ehan1•• can b• a ttr!~uted 

to varUc.!oQ.I Ul ;:iroc•• • condit!ons ar.d randoa va r-ia:1001 !.o c.'i• actua l 

l • a k :-a te. Th• 16 perca.~t s ta.:id.ar·d. d ev!at!cn !or th• accur.ac1 c~e clic.a 

(Sectioc 3.1) 11 ac uti:at • o t t? l ·.raria.bUi:y UIOC!atad 111.t~ }tJ.tt :h• 

aur;,1101/an&lyai1 proc•dur• • · 
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i .o nru.ooccnc:: 

Se veral di!!eur:: 1:&:il t!.:.a.l ac!'l:.:.~1.1u v e:t l?;tl!ed '!-..: !..."Ii t.'~:s 

ft~y c f h1c.! :i·;e e:!ts i.or.s !:o: :?-.• •:rn:.'le:1.: or1a.r:!c .:..~•:.!c.a..l i:id·~: ry . 

~• b••~• !ot :.~••• t•chai~~•• ls disctascd U:. :.~i• J?p•r:d!x. 

• occ-..r:•cce o ! l•U • 

& recur:ence o! leak.s 

• =d• ll!:it :c.u : ate v, . sc:-et r:!.."'!.t ··.ah i.e 

Spec..!&J. =•t.hcd.J ve:" c:••1•lopet :er ~ar:.!:.l • r:c• i:.ic•:--als ~er 11•:0;h:• 

•d ?•H·c e:H :•c:!uc:ion (~7R} •,! :i••• eo!.ssicr: .. 4t., :.o :i.d .:1ur:a:tce, ·.:e ig;bt!.:it 

!1,c:c r1 :1uded t c c e=>!.et ; he l:,,v h&ki:.; ttN: co (< l..OOG ;,p::-,• ,c:ur.:'..:it 

-.,al uce) -..-!:.h :he c-o-a:rol s-=u:cu ( l .OOO- i0,000 ,~.':": •c:ue.iec Va.l.!;U ) fo r 

••c!::.a:!:1 cce·.::':'c:'lc e : ac•s, ~•v• !.o;i:.e:: o! • ~x•~ :-.:idei. !o r th.• e.s::.:U:!:i; 

:ecur:eoce ra:u, &nd ccr-:-ec-::!.:'11 !o: c:ar:.s!o ~ei frc ::. ,. Lo1s:ich:!:. :o •n 

•rit~.:.et!c sea.le !or prec:!!::ll; l•U :ates !:o= ,c:eer:~, va.lu••· 

11, 



% .o CON'Til)O:C.? ~Ttll\',\1.S FOit • .. "£ICM7ED P '<":ilC~'T lllDt'CTI<lS 

~ Sec:!ce J . 2.l. Thu• vere cc.:;,;uted !ollevt:1 t h• ~ed. , C:aybill uid !ces 

( la.!•:•nce 4) dtriva:!on o! th • va:t.anc• c! a :atio o! randec •1arublu. 

Rtn•ty-fiv• p•rc•nt coa!id•cce bt•rv•l• v•r• com;>ut•d us!:;: 

• 

• 

Is' 
V 

r.­,s· 
V 

( Af - A> <a, 

<:2-1> A i 

a.n, = ! • t.'i.• :nc:b•: ct l e.aU:i.a: sourcu a:d t (n-2 ) h t.'i• .97} proba!!!.l!ey 

pot-=c of ttl.ldcct't t d!.l t 'r!l:11:t!c-c. vH.b n-2 der.-eu cf f:udec. n,, fc l.lc-,.­

iD.C notatioria v•r• used: 

1
1 

• before :.a!:ta.ance lc.&k tat• of t.~• i:..~ h&lt.U& aou:ta 

A
1 

• &!t■r :a!=.u-1:1.cc.e h alt rau ct :!:e ! th luk!=f source 
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I • l ~ -. • ., 
. l o 
A • - ! •, • 

....L. • ,: . [ <A, • A>: • ( n-1) 

, .. 
I 

....L. ~ 
( n- l) 

( I • 
l 

i ) r 

Th• confide.nc• t.1.Hu·-.•als thoul..d be tnter;ru.•d :is foll e,.., : 

~~-~ ve •~•t• t h•t th• tr~• vtilht1d ~trt tnt 

r~ucttoa tdt. v 1:.h1c :h• l.1A1;1 c:c-:1:;iutt d 

•• dasc:rib•d •bova, ve • Jri)•ct to b• corr•ct 

about 9.5 ;iuc•nt or ~h• tLmt . 



).0 

ven co=:;1:ttd ~!cc th• bitl~d d!s ::-!but1c r.. This l:iat:!but1on iJt uu d co 

,ao,d•l data ~h•n • randc= s acple 1• ••l•c:•d and each it•= 11 claas!.f!e! 1nt~ 

on• ot tvo ucecori•• ( r epai red o r ~ct rt?•ired in Section l.2) . Ex.act 
ccu!idt1:c:t l!.=!t.s ((l~) • 100: ) for the u:!:aa of pe:n:.M apa!:-ed can ~ • 

obt•!e•d by solv!c& for ?t !: 

.J!. 
l 

• .J!. 
l 

Q • ou=ber o! sourcts screened above 10 , 000 p~:v , etore u int•n~nce 

le. • cu=ber o! hak1ria so1.1n.u 1cruned balow 

Aaaum!o.& th.a: th• 10,acu sc:nenad approx!=.&u • ruido: •~L• 

from the pcpul.at!on, t.hua contidenca :t.::e:vals car. be 1.~t•r?rttad ~ 

follows: 

1.: c.ha popul.1dou vhi~ ue repaired H u vitM . .l'l 

tha coafid.u:c• bound.a, va erpact co be cor:-act 

about 95 puce:t o! th• ti:•. 
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•.o 

vb•r• A 1• • cons:ut (occ~rreoce rate) ar.d t !s t !=• :o !trst occurrer.ct 

vu v.a~ ' to a·ppr ozit:.&c. t?:.• a.ct~! diatr!but!on o! th• t!:c to !int 

oc~-:-~c• o! a l •a.k. (1cret:1.!..~1 value > 10.000 ~~1) !: Scc:!o~ }.,. The 

ap?rcpr!ac, u.ac of t~i• d.1.str ! but!o~ !~ :cdelli =a ~!rst l ea.le occurrecccs 

1.S d.11c"!Jl'.11d !o 3.a:ovsky (Je!creac• l). 

One ~vai:r.:a11 o! :..\ i.S distr!~u:1o: !s th• cue -.:::.:~ Vh!~ a J.0- day 

~c~c:ica rate~ be obta!.:i.td ceco \ ~u been est!~t•d !re: :h e data. ~• 

vhera 

T :i • -

' 
cd 7 1• sw o! t!=.el !or all 1ourc11 :o tleter (l) Leak occ~rr1nc1 or (!~ 

u.tc scr••cina ( if cc lall oce~ned) , L~d r ~~ , ,~ a~"ltber cf occur:er.ct 1, 

Con!!/cu i::.a.:-nb ! or l are based u;,o-:: ?ce .. n t•I• ;:o!:.:s o! t!a c..~:.-s~t=sa 

cliscrtbu.U.O'C, s!.:i.ca 
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1~ d!st:!!uted u • ch.! - tqiu:t wi;~ :: ~•r:ccs o/ ! : ccdo= {le!e:•nc• ~) . 

-:t~ 

. x• ( 2: l • , 
• - :/Z "" ,, 

tat!.n&l:.u o! occu:-:uice eatu by ;irocus (an:! ; he!: cc::.! ~dence 

inte.rvilil !er va lvu va. ru::;,a . !or c u .,,. li~uid u r"',~c:• u1C. !or ~lock 

.a.! vu vs. Cl)t'ltr~l -:alvu ""•:• cc::-::;u:ad 1.1.S!.:.; t i'.L, 1.:,.d '½, .1$ ll':O"or.l. • ~c-;-e . 

T~lu 3-3 th:~ 3-) o! S•ct!o: l.~ sho-.· e.~c.se ut!.:.ated JO- t ~y . 9G- ~.ay 

arid 1&0-day cccur: e..ccc rates. 

Ccn-u p~cH:11 cw!1de.ce !:iter,ah !or- !(t) .au ob:.&1.:l• d b'f 

1ulitt-i:•u.t1:l.1 i:L cd ~U !Jito : he for=.il.a !or f { : ) . ~ • ~aC ",c:e-d occ•.zr:,::.ce 

r ate !e r urv· :!=a: c.au 'b• obtai:" fro: .a 910: :,! t h• c-.=la:1•1• d!st:!bu:!.cr. 

!u:tct:100. 

To c~•r• ~~• obscMfl! vi:h th• ;re.dieted occ~r:e:.ce ~tt ••• t!lc 

-=;,trlca.l d!s :r!!>u:!c=. tu:ic:teu waa ccc;iutcd wi i~s 
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(0 ,t). t ! .& aourc • ,;u act c~ur,,d ovu· •U. :i! (0 ,:) . : :iu : :!':e :::-al!t:.on 

o! (0 , : ) O'-'e r wh1ch ': •·u eburad ·.-u uud !.~ :h• su::.. 

ppr, v•n ccC:a:i..d vi~ i:.tc "' : cv t.u.ke:'" 1:-.:-u;i (0- l,000 ;i;r: v ) t..~ :..~e e,v.!or 

u.ct of lO-.d~y occ~r:-uic• rat• •• t!uce~ aod l.a :ht tt.r.o!'•~ion oz th• •=~1::!­

cal dSJtTibu:100 twct1o~ used to coi:;>;r• ch • daca ~-1.th rh, occu::r•nc• :cd•l . 

th• propo:-t!oe ot all , e.:-u n •d 1ourcu: b•Nu e. 0 and l ,000 ;,pc...- aid b•c-o1• •0 

1,000 ud 10 , 000 ;,;,:,, ! or each ;,rocus a:l • • ~~ sO'Ur ;• t)"?• .i:1 t !v•:i ~= 
Tabh ~L Thcu ;,repcr: i-:e.a v.r• obrai n.-d f~ ?..e.!er encc :? . Ce-..b!:'l•d 

u:1.:Lt.tta !o:- the occu.r:-e:ice ratu a:cd !o:- ap-;, r ax!.=.a::c •.:;ip• r .110::: t.cwe:- 95 

;,•rt•nt con!1dcnc• li:.1:s !or th• ••t~tes w• r • co:pu:ed ~•to; ~~•s• ~•!ih : , . 

For •xc:ple, ! or t h • ~verall uti:.1:e: : ~:: ·al·,u . 

. 
) • .9:s . ( Z) . . 082 \ (Cl. 

\, ' • .91! 'u (Z) • , 092 'c {C) • ol:11: 

\ • .9l9 .{ t ( ! ) • .0 82 '· • (C). 

vhna l. ,, t.~• co=faed Uti:i.t• of th• OCCJJt?'•nc• rate fro: t he O- l ,000 

p-pirv lt'l:"u;t ( %) &:ld : re-= "· l , 000-- 10 ,000 ??='' i!'OU'? ( C) . The 1ubsc::.;.,:..a 

for th• u.srec:1•1• u :!.:.a:u , wt:.!c.h wa:-• dev• la;i•d fo r t~• Z and C ir ol.l;s 

up,utdy acc ordi.llg to the fo r:iulu ;>n .. n:ed a'ccva . 

PU:vi u c o=;,a :iacr-s of source t"Ji>• (•1,d·-'« ··••· ri=;i seals) . 

u rv1c• (su v-s. Uquid) , and 'l'a1·,• :Yr• ('block vs. ;o:::ol •, al-tu ) we:-• 

ud• UlinS ;i• rc•1:1ta.1• ;,oUu of t h• :'-d.1.str!buc!oc. Siec• 1:::..1-: ~, 

dbt-r,!b1,1ted u • c.M.•squ.an v!:..~ 2r d t11:-•u ot hudom od ,;. • 1/ :, 

l:>./i 11 ~o a ch1- -squa:e v 1th lr t ecuu of !rud:c:. :! , for u.a:ph. 

1llb• cr1;u V cc! P 4-.::.ot• val~•• ct ~te;it, re.s;•c~!7ely, :hec 
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a d!1t-r1t\l:ed &1 &:l r ._-!,.d , 2rv ;1,nd Zrp d•grau of fru-deai. t:adu 

bYJ-OthHb that \, • ~ • t11S.,, h dhti:ibuted u an F vith Zr,.. and 

de1re~, of fre•doc:r.. Th!s vu th• cr1t•r!ea used to tut H0 : >._, • 

~• t!.U U . 

B
0

: 4c • ¾_, &:d S
0

: l :OV • :O.CV' vt.•re ~ &:l.d L de:::cte gu ed H ~-.:!d 

u t"rl.ce , ar.d 3V and er; d~ou bl ocll ,.,•alve.s ;ind C:)e.tr~l va.lv,u , r upec :!v• l J , 

veu tuted si:.ib.rly . 

?~c-•-•• 

Cu=ian• 

Et.l.i.ylane 

Vi.~Tl AcetaU 

0¥11i:all 

:.AJU > L ioe!Jhti:1.C r.~:ors c .. d : .:> C...~• :r-.w:: · 
Thirty ( lO) - -tla;· ts:.!.:.&:u Fro: t !!.e 
Sc~:: •• Scr•e.:s•d ~t ~- 1,000 ~~:v (Z) 
and Thou Scru.r.ed -1: 1,000- 10 ,000 
;,;,=v (C) . 

'lal•.tu Pg Su ls 

< z < 

.an . l22 . 7&2 .238 

, ltiO , llO .800 . 200 

. 981 . Q1) .9 16 .02'-

,9U .oaz . 901 ,099 

11:::.tite=ed !.:i. tn• 1!•1e.= cau1ory 

C a,000-10,000 ppcv) , 

upn .. nud ~y Z (0-1, 000" ppav) and 
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I 
( l-,J ' •JQ (- l(:-S)I, : > l 

!(t) • pi). 0 ' ' < l 
0 , ' < 0 

,r.::._=• l. t.i devel:,;:ed us!.:g ~thc(!a s!.:.!.:i: : o c:-:ose •.ae-c! !o: 5•c:!= l . ~ 

( tx;,onu!.thl O!s ::r"!!,ut!cn !'icdd) , The , ! • th• ;, : opc: :i,;n ot •14l•1u ,,..i,:, .;~ 

:-ecui- vith!."t five days of :.afa:.ir..ance 4-:nd (l- p) h : !'le p:-~;,o::! oc t~.lt ,,..:,ll 

!.ollov &n -.xp~eu:!.al !! .. ,::~u:.10ti o! :!:.e t o :ec:u:-. 

S..:tie :- : ec~rr~nE v!:!'!!n 5 ~.av, 
Si.:::be: o: v&.lvu oOu:--.-tC ' zi .. 0 ,1' 3. 

S • Total ob,e:--:.at!O?'I :~ 2u: 5 d;ivs !c:: dl. ::01:r::u 
S~e: recur:-!=; ~!:e: S ~•ys 

2&27 • -z- • 106 .3 d.ays . 
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I 0 . 143 • o .&5 7 ( 1-.x, i· 0 . 001• C:-5l J) . : > 5 

f ( t ) • lCO x 0 . 143/ S. 0 ( : < S 
0 , ~ < o. 



, 

6 .0 

The saaple correlation co•!!icieet ts a stat.!s : ical =•••ure o! 

:...\• !.i=e a.r rtUt!OT-.sh1;i ~et"--e-e: t",tO v ar-!.-blH. Th• ~or:-el 1i:!-,r. : ee-.:ee::. tvo 

~&:'!Ables, X a:.d ? , !1 ce:;i~:•d • s 

! (Xi . i ) • (Y 1 h 
'n • 

' (X! i )' ! (Y • . ~ ) ! 

b•:-"• •a th• u-=.l• v.aJ.u..s o! X l.tl.d Y, ·•1~'t th a ·1al-.:e c :" '! dac:'u.s~g .u : :I.a 

value o ! X ~creuu. A •1tl'Je ,! r eq1.:aJ, -:c • 1 a ho b.~!.o:e, a ;:e r!ec-: 

Un•.ar n h tii:msbip be t',l'ae.n t..'te "~la ·1alues, but eae :.::. 'Jhich t~• va lue 

of ? !.ocr ... u u 1 tr.c.:u.ses . I! •Jan !.s :,ao H :iea: rel.at!onshi? be ,:-,..1u::. 

O• 1a:;,h ·;-aJ.ue.s o! X and ! , :.!'lea : ,.,Ll.1 have a val-... ::.a.a: :aro . 
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• 

'.o A;'1•\J,TS!S or '-'AJlU!:Ct 

••ver&l vc~il>l•s er pcpuJ.atioe.5 er. b• 1t~i•d si.:ul t.ar.ec\aif. The:a Ls~ 

cert.ai= a=D\lftt of vadation pn.u.nt 1r. ever/ a::0,1,p ot 1a=plu. Th• ,\ftdys~ ~ 

of Vari.anct i t a tac.li.c!qua that 1eparat•• th• total va:!ation pra1ant 1.:!.to 

H p&l'&U i:i.dtpflldll!\t co=.,o:ie:i;u. ~ -t =-ay be attr<'.ln1ted t o o::::• IO\,lr•u Ct' 

&i10:her. ~ ••• 1epa:att CQ:;toat!'ltS o ! the ~u!mca a:a ~".e~ .:1ly:td 1r. 

11.1c;h a :unnar t.".at ca:u!.n hypothaus c sn be ta•i:ed. Th• .us~t!ons t~a:. 

muat be :ada arg tbat ( l ) th• data are rando= , am;i la1 !1"'0': nor:ul d! str!~ut!on• 

cd ( 2) the ::ioi-...al ropvl at!~• &.ll have equal vc!ancu . ~ ly s11 o! V&.:"~&nca 
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. , 

a.o f,~LYSIS or COVAU.~a: 

tu duc:-~in& the reLat.io:ut\i;i ~.:,,; .. :: 1cru::d.:t ·-·alua and •=:.u_ . :, 

:-.a:•. • atatUtlc.al A:i:a.ly1!.s of Covuunc• vu H:-s: ;iedor:i.d to d•t•::i::. 

vheClar di!!aruit li."l••r eqwat!Cft• v•r• :-eiuirad !or each 9:-oca11 and 

Hrvic• type 1.-\ Section 3.6 . Iba Analy1is of covarhnca ii a technique 

that ccrc:bUlH the !aaturu o! A,?i&lytiJ of Variance a:,.d :-esre.u!off. For 

••ch raadU1 o! 1', e:!au~ n,ta. va .a.ho ha\·• a ru.d.!nc of x. t ha 1c :-U:!!i::' 

'l&lue. ?hua: a,ro uparata A.:i.a.lysu of V.ttlL'l.1::. H a ;,ou~l•, one !or each 

variable, &."ld a.lso • Joint on• .analyzi.na th e covaria.'l.ce beC'oo'ean X and Y. 

Sl.l.C.b &A aaalys!a in its cc:;,lcta !or: 11 called tha A.."lal'.{:s~• ~ t Cova:-:.1.ace . 

this &tl.&lyti1 vu ;,u·!o~ !: tl:a ;,rue: study :o dett::U::e vh!t..': sCurfa, 

urnee, a=d ;,~cus stnc :nu should b• c;:b~ed fo r ;,;rcd!ct t.on ;:~:,eu,. 
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9,0 

li.'1••r reUtion•hip bei:-.te•:t t"JO •1a:ia.blu X a.nd T, 1: dofll not tell i.a 

vhat t:he nl.ttian1h1:p 11. I t i• o!un dui:-abl• cc 4•t•:-=..in• t'::.o :elat1ct-.­

ab1;> 1:1. o~d•: to p:• dic:t th• val~• of c::.• va:!a!:l l • !:oc that cf :he other. 

Fi..ad!tl.S th• ec;,,;i.atioo. t.'u: 1:ivu the :el.at.!cnah!p ~e ::-.ru~ T &ad I is i(."I.O'Jtl 

u findbl th• re1:eaaicn l ine. 

ni.e eq,u.atic:i o! • 1na!g..~t l!.tl• C: L'1 ':le given in t•~ of 1.:1 

T-t:tuc:e;t .nt 1:J slope. The !-i:!.:t:c:ept of .a s:,:aii,"i: H~• is : he 

r-c:oord.1:ate of di. ;obt w~An :he ~• t rouo c:be '!-•x!•. The s !o;• o! 

a U.o• 11 th• &l:IO\l."\t cf ~ •nc• 1.."l '! ;e: unit c'!-• .ui.ge in X, The e'--.:.at!cn c! 

th• U .. -,e vho•• Y-fater:e;it 1.s t!-,e n\mb.:- • , a.'1d ._.hos• slo;>e 11 :'::.e ni:d:ler ·:: • .. 
!ran1 tot":1.&t!on• o! th• Y vu 1abl• o • t."l.e ! •a:!.ablc ea:s o!un 

"lbaa:1 .. u" a noaU:ea: ::cdel. I::. tavelo;>i."'1.J a :el.1:1oi-.1hi;i ber"-'&•n 1c.:un­

!n1 'f'&l!U-S 1nd a::.i.H!~ :au, lc&~?'!C: (~au 10) ::L-:., for-_.:!.o::.s 1o1a?"& , .:-

Laaat •~u.a:as ••t!:uto: , o! th• re;res1!.¢l'. ~c•ff!ci.-nts, ~ ~nd b, 

=!=1:dz.t ~• si.= o! ~ • s,u.ar•• of d•v!~t:.on• o! the ~r•di~t•d Y-val~•• 

!:-c= :!le COse:-red T-v&.l~•· 0..!i;i=:.C :'::.e tio:-f!'..:~; t:.:,.e ~::. : ~:.• ~ner 

T • a • Sx 

t (Xt - X) • t x
1
r

1 
- ft..~ . ' 

b - t (X! -i>' t :t/ - ci: 
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- ... -. 
.1. • - y . --J.. 

:'l n 

IA di• @ ove exprua1oc Y r epre.t ftllU a predicted ·1du.e. The .. t!.:.ttd 

r •r.n sie:a coc!!iclect.1 .a-re diei:o te-d i • =d S. 
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10.0 C0h7IDL~C£ I~'T?l\'ALS fOR ?-!OD!:!. ?AlU.'!XTI:~S or A UAST-SQ\!ARtS 

J?ClltsStON £Q6ATION 

c < & < d , 

vh•rt: c .a.::.t ~ are ::t=b•r-s e.a. l c"tJbt•d ;ia::!a.l.ly !=e:. 1.::;ile d•a, v!thi:l vh::.~ 

ve !ae.l :e.uc.n.ably cu'tail: :he ~o.Cl\ln l),u·.a:i•:e: li••· A c~!idenc• !:i.:e:-,al 

1' derlvtd frOIII a preba.billcy sute:isr.t that ttwolvu t h• w:kncv:,. ;,■racee.r ~. 

Co1'1!1d~:• intervals ·•e.:c ;,:uenad 1_.,_ section ~- 6 alcr,r. vit!l t.loie f!t:ed 

Unaa: l eue-1quar-.. :er.au! o equa:!o: !or l..oi t -: leak :.&a -:.,. I..;ic:: :u.n 

Con!idence 1.:ltt r"V•l• .a.re very ;,ewer!~! :.:hods !or u1e,1!n; :~e 

acc:,,,racy o! leu: •~\oo&:u ••t1=-atu. S,e.a.:le ( Reieret1ce i ) desc:!':ies :he 

1:ac-1.stlc.&.l. corictpu &:i.t :odd.a used ~ obta.fo!:i t.":e !0Hc-.--1::.c !o r-=tu.u ! c : 

th• coal!der.ce l!.:::!t.S !or the 1lope :l:ld ~~• intercept. 

Parametet 

1 - tl-::t/2 (:i. -z,a .& < • < • - t l~/ 2 (:t nC'"' 

, ,a':, 
. . 

b - : .. · / ' ( n - < ; < b - ::, _~, ,<r: ,,. . .. .. .. ~ 
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i 

:::l-a/ l(n - 2) !.S t.ii• l • c./ 2 ;,: c bab!.l!:y ;o:..:it o f ,:~--==•• : 1-i!s::-!':i::!¢:: 

v!th (o • %) da&r••• o ! !=e•d~. 

~'he.~ w• st•t• ;~at t h• ?•re.tar !.alls ~'"it~!~ th • 

l i:1.1:, ce::i,.i.:::td ~• duertbad .1bc •1a, ve. ~•ct to 

ba c.otTect &bout 100 x (l - a.) par:ent o! the t!=•· 
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11.0 

UIINC.t ot vartat!ot\ ot th• ac::ual •1aluu cf : ha d•p•adar.t ·1ar1,b la (c! a.r. 

ntiA&tinl aqu.atioa) t:om th•!r ••t!.:ated o: co=iputed val~•• · tts !or-~la 

=ar b• vr1ttn 

t n1 - Y1>: 
n - 2 

Y • ut!=-ated T values ~ tai=ed ~,. scl•1!...~1 th• u:!.:.a:1:ii 

(er ra&":"•••1cc) •qU&tioe 

Th• ,tu:CUrd •~r ot th• u:!:.at• vu 1r•• -=:•d !er tac!:. ~t th• !i:ted 

r•a-rua!.c-a ecq~tiQ'Ca 1= sectlot1 3. 6. 
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u.o 

In ord•r to !it a lliea: :•••t·•~~•r•s rcar•••1oo cquat1on to th• 

laak nta vs. ,erect~ •&.lue d.&u b uc:tc-o 3. 6 , ~oth th• luk rate 4:ld c..":c 

tcr•~ va.lua h&d to b• trcnato~d to a loca:1th:1c sea.le . Th!• va• d~n• 

to obtai.n a li1:11u.: nlatioa.ah1p b-etvun t.01,~ luk nu aad t.01ii mean 

1cree:DJ.A1 valu•, and al.lo to obta.1.:1 appro~!.=.ately acr=ally d.iatrtbuted leak 
ratu . 

....... 

• 
5: • L (T !. • !)! /(= - l ) . 

! • 1 

1(t) • 1 +(a• l)t • c~ - l) 's! + (= - l ) 1
t

1 

a m:2! ( : + 1) i:131 ( : • l )(= + 3) 
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th• l\Ulc:tion s ( t ) 1• a sc.a.le ~1~• c:or-:ec::!c: ! ac::or for :h• :.ac (!e!erecce l ) , 

a..edad to obta" .. an ucb!uad uti.Mtt o! :he 2,un o! I, ~• 1.tl : he o d&!l'l41 

•cal• o! X. Pattar•on (Raferanc:a S) desc:~!bad hew c;Qll!id•nc:• 1.Dtat'V~l• !o r 

di:• ■aan tram a losnon.al di.Stributio:i c.ac ba c:e=iputed: 

~ • .., ( < • 1.•• cs,r. >l s· 
• I ( Tl 

ci.,_ • .., [< - 1. •• cs/'i >I • a{ •i ) , 

vhu• S i a~,• staitd,rd t evi.a:!cn o! :!le lc1ari:h:.!c:&.ll7 era:u!or-_.d data, 

: !.I th• nu:ber ot aourc:ea, .ind 1( : ) ts th• ac:•l• biu c:orrac::ion !actor. 
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To provide• b••1• for !urt.h•r in~est!Jttion Leto th• 1!!1ct of 

ui:u:ccc • b•••d oa. sc:-een!.:I& val~•, tvo-vay ta.blu 1:• ;,rucr,• d !..:i th.!.s 

•necd.1.x- (Tb!•!• aa extea.. ioa. of Secticn 3.l.l. ) 

!ach o! ~• sc:aea.ing va.lu•• u••d ~ th!• analysi.S vu cl,ssif!ed 

iD a scr••c.iD.$ :ua• c.au1cry 1c.cc·r&1 to th• lollowin1 u:au: 

Scrunia.5 Value {,:2 1.&n1•1 

• • 0 

l ( • < 999 

!,000 ( x < 9,Y99 

10,000 ( X ( 49,999 

S0,000 < x 

2FV 

l 

l 

• 
To a.ll.av .m u1us=e:1t of i.'la dftct.s o! di!fe:11:ct ac.tioa levels 

oia the :w:b•: of val-.•u vh1ch c~ '=>• re-pa.ired, :vo-vay :..a~lu ,.-,:• co:s:.:-.:c:ad 

uiq :.he•• ac:-een!::.g val~ ca:e1ortu. Th• ;-.ro-vay ublu shc:v t.h• !ollcvt:q: 

ccttpa.rbona: 

• I:med!.&taly ?»•for• :&!:t~ce scnea.~ ·:&11.a:s va:su.s 

the 1::=adlltaly &!:er :a!.:lte:.-=ca sc:-.1n!:la -:-&l~s 

this ccm;,ari•oo can be used to avalu.ata an U:..-pact:ion/~ii:tac.anca progu=i 

~ vb•:•~,• :L=•p•ction tea alto per!on.s ~~• :aiot1:a:c1. 

• Wti&l baton 21&!:.t .~c• ,crH=i=& v&lU4• versus 

•cr•-=.1.:1 v&l\lllt obt&!ntd 1:Dedi.ately before 

a&at.at!.CCI 

1?L1s cmparboc. c.a: provide. 1:Uo:-_.t!OG cacca~i::1 tha ;;,a:c.ettt. ot T&l·,u 

vbich cTOlia m acd.oo l aval wt:.~t tsa.1.i:itan.m.ca. 
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• !~1:!£1 ~•!or• :a.!=t•:ta:e.• sc:•en.1..11 v&l~•• v•:av.. 

scree.c.U'la valu.• obtained •-•~1.ately a!t•: 
=.ai:iteMI.\Ce 

Thu ccarp&r'J.OC is u,.!u.! 1: •v&l•.:..t!:t.i ::!:• •!!•ct c! :.&!:te:a.&nce on ach:cfa; 

the p,e.rcaat o! lu.li:.1_:i,: , ou.:c.u 11 the level c! t.h• i:::«diatdy bdo:e :a~­

teo.uc• ICl'H at:1 valu.. U !t=ored. 

• I:ut!&l be!or• :a.!:.t•na::.c.e sc::••:Ua; valu• ve:•~• 

,c:•au.n& Y&lW14 cbta!:ied t.=ed!ately &!:•: :;,.at~­

tll:D.&D.C• only ! or :ho•• ,ourc•• vh• r• th• t::c.ed..1.a t • ly 

before maillt.ea.c.c• sct••n.1:.1 value i• ar•~t•r t.ha.n 

or e-qual to 10,000 p~• 

ih!.s c~eri•oc ~rov!4•• .an !x!cat!on o! c:e •!!ect of ~ i.:.spec ticm./~­

t~cc• p:oar= vh•r• th& :uiateaacce c.rev !ollowa the sc: e,a!~a c:..., ~Y 
,evenl d.1y1. 

tbe W l u an ;ruc:ed ~ ~ appuid!.x a::.d ve:e toc.st~.1.Ctcd : o 

&llav U&l.ys U by the !ollov1a1 b ruk.dovn1: 

• over&ll, 

• proc.us :-n• (C\:111.ae, ?thy le:.. '11:."l Acet..1.tc) . 

• ·,alve tn • (bloe,k, coct-:ol ) 

• 
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Tl!CHNICAL ft(PORT DATA 
(,,_ ,ffllf111__.o,, tilt,,,_ Mfert~,""lf 

I, ._,oo .. TNO. 

EPA-600/S?-51-080 
nn.a -01-.illTin.• 

Evaluatioa of Nai::1t•nance for Fugi:ive '-'OC biuiont 
Control 

._--. 111•0-HG Q.111a.-1.Z...-. TIOH ,,._,1. -0 AO:)"'lW 

a..dia.a Corpoutioa 
a,01 Ho-Pac llYd. 
, .o. ~ 994.8 
Au1tin. TX 78766 

,:a. P'QMIO'lU•O A41 HC¥ NAYI .t.JfO ... oo••u 1 ,. ?'¥'I o• • t•O•T 4HO "1: 111100 C0111t11 tO 

riaal U. S.UA 
Iftdu•trial Enviro=-:ntill 11:Much t.a!>cu·uory 
laduatd.al Pollution Control Oivi s ioa 
Cincirn:aati, OH ~5268 

11. IUl'P\.t"'41NTAIIY "'OTIS 

. ,. 

The EPA Proj•ct O!ficer was Robert C. ~e!>e:, Re can be contact •d at 
( 513) 684-41-81. 

?be U.S. tl'A Of!ic• of Air Quality Pl•n~i:1 a.ad S:andards (OAQPS) has 
the uspondbility for for=uladq regul.a:ions tor the cont:ol of fugitive 
niuioa.t of voh:tilc oraa.nic coc;,ounch ('IOC) . ' 'Fu1itive ~iuion.s" gener• 
ally re fen to the diHua-e releu• of v•-pori:ed' hydrocarbon or other o:-g•nie 
t.oc?Qurwh . Fusitive e.111iui.on.1 o ri.1 inat1 froa equ i ;,oe~t leaks u ve ll •• 
l arge: &Cid /or difhise aources. !be study r-e;,or:e-d here was un,hrtalten by 
the Offie.c o! !l:turch uw! !>e,.,..lo;a,ent to auitt 0,AQPS i:::i :he deV1:lopxnt o! 
nsul ation, . 

ni.e project va1 de1i;ned to quantify the eff•ctiveness of routine ( on­
lin.) maint•a.an.ce in the reduction of fugitive voe emi11ion1 from Ln-line 
• • lvct . An overall emi11ion reduction o f approxi..aately 70% vaa achieved ~y 
tigbtaaiaa the bolts on the va lve patki :tg gland , ibia leve l of control vas 
suatain.d !or up co about six :.:.nth1. The race, o! le.alt octun•nca a'tld 
recu.rreac• w:-e also evaluat•d, .u w li • • the c::i~ re<;uired :o conduct th• 
on-liM 11.11intenance . 

ruaitive 
Volatile 

!aiuion1 
Or1aaic Coaipounds 

voe (volatlle orzanic •n1i necrtn1 
(VOC) cotpound1) air pollution 

fusitiv• nis tion• ( equi . 
l eak.1 ) 

Uoliaited 
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