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P DISCLAIMER

: This report has been reviewed by the Industrial Epvironsental Research
Laboratory, U.5. Environmental Protection Agency, and approved for publica-
tion. Approval does not signify cthac che concents necessarily reflact

the views and policies of the 0.5, Eaviroceental Proteccion Agency, nor
does mention of trade nzmes or commarcial products constitute endorsement
ot Tecommendarion for use.




FOREWORD

When energy and material resources are extracted, processed, converted
and used, the relaced polluriomal ispacts on cur environment and even on
our healeh often require thac new and increszsingly more efficienc pollution
control mechods be used. Tha Induserial Eovirorsental Research Laboratery
Cincinnati (IERL-Ci) assists in developing and demonstrating new and
improved methodslogies that will seet these needs both efficiencly and
sconomically.

This report, "EIvaluation of Maintenance for Fugitive VOC E=issions
Concrol,” guancifies the effectivensss of sizple on-line smainténance for
reducing VOC emissions from in-line valves. The overall effaccivenass of
an inspection/maintenance program vas axmnined by scudying: the i=oadiace
reduction in mass emissions as & result of maintenance, cthe long=term
gmisgions from chose valves which were maintained, the recurrence tate of
leaks from valves, and the rate at which new leaks occur, for both valves
and pump sezls. The tioe required for sizople on-line saintenance vas
also studied, co aid in the estizacion of s=ainrenance costs.

David G. Stephan

Dirmctor
| Induatrial Envirommental Reséarch Laboracary
Cincinmaci
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ABSTRACT

2 Tha U.S. EPA Office of Air Qualicy Planning and Scandards (OMJPS)

has the rmaponaibilicy for formulating regulations for the control of
fugicive emissions of volatile organic compounds (VOC). “Fugitive emissions™
generally refors to the diffuse release of vaporized hydrocarben or other
organic cospounds. Fugitive emissions originate from equipment leaks as
wall ar large and/or diffuse sources. The study reporced here was undertaken
by the Office of Research and Developoent to assisc OAQPS in the developsanc
of regulations.

The project vas desigred to quantify the effectivensss of routine
{on-lipe) maincenance in the reduction of Ffugitive YOC emissions from in-
line walves, An averall emission reduction of approximataly 70X was
achieved by tightening tha bolts on the valve packing gland. This lavel
of control was sustained for up to abour six months. The races of leak
pccurrence and recurTence were also evaluated, as well as the tioe Tequired
to conduct the on-line maisCenance.
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GLOSSARY ]

action leveli: A screening valus chralzed with & poztable WO soniczor which
fndicaces the aesed far mapair.

"iirecead maintecance’; Hsfers to & valva salacenance procacule YREfssy the

hydrocarbon decactor i3 utilized during maintenance. Tha leak is zoni-

cored wizh the inscrument until ac further reduezion of leak is
chsa—ved or che walve stem rocarion is Tescricted.

fugitive VOC amissions: GCenarally refars o the diffuse release of vaporized
hydrocarhon or ochar orgenic compounds. Fogpitive emissions origioacd
from aquipoenc leaks as well as lazge and/or diffuse sources.

inirial sereening value: HRefacs Co the zaxisus repearable hydrocarbon com=
canczatlion obtainmed from 4 soucca [e.§. valwve, pump) during che finicial
enic wvisit by a scresning faas.

leak: A scresnisg valus of equal o or greater cthan 10,000 pp=.

leak race: HEafecs == cthe actual =ass e=issions fre= & sourse with respect
e cime and con be refarred co a8 che e=ission race,

maiztemancat  Tor che pucposas of chis scudy =aincensnce Sefers co action by
plant perscanel ia which an assigned vorkar tightens tha valwve packing
gland pressure place retenticn bolts zuts with a vreach o furher com-
press the packisg =arerial arcund the valve sce= a5c #4at.

occusTence of a leak: The appaarance or iniciaticn of a laak fro= a source
which has ooec previocusly beaen leaking.

OVA: Eafars to a portable hydrocarbon detacticn izacrument (arganic wapor
analycar) msouvfactured by Cearuzy System=a (now Analabs), I utlllizes
2 fiasyg lopizarion dazactor (Fio) azmd az ziz mi=p.

process scraas: Procsds fluld suceh as sesccants, Inrersediate produces,
fioal products, by-products, ecs. that 1S eontaiped within pipes in 2
process unic. Staaz, vacer, alr, and ochar wtilicy lines ave ooc com- |
sidazead to be proceas atraa=s.

process unit: Refers fo equipsent asse=bled Lo produce anm arganic che={ical
a3 =n iatersmdisce gogr fioal produst. A process wmlf can operate ince—-
pendeacly 1f supplied wich sufficiect feed or raw zacterials and sulfi-
ciant storage facilicias for che fizal producs.

recurTant laak: Fafers co a leak which appaacs at some cl=za afzer che leak {
has infedally bean repaired.




repalT: For che purposes of this study repaic iz adjuscmenr ar alceraclien af
g valve vhis® raduces the screanisg valoes from greater chin or sguel =3
10,000 pp=v to balow 10,000 ppav.

repeat scrmening value:  Refers co the saxizuz repedcable hydrocarbon foncen-
Eration ocbsacved during subsaguent scraening of 4 previously screened
source.

screening: Refers £o the act of seasuring the hydrocarben concentzation of
a source with a porzable hydrocarbon decectan.

screaning valce: The maxisus repaatable hydrocarben cencentrzacion (in poEe)
decactad ac a source wizh a porzabla hydzocarbon decectos (such am a
cancury Orzanic Vapor Analyzer or a Bacharach TLY Spiffer) while tra-
varsing wicth cha inscrupenc proka around all che potenciz! laak poinzs
of the source.

sarvice: See type of servize.

source type: Refers co process unic egquipsent cozponantcs whilh =ay amic
fugicive exissions. Commgn source types of fugicive emissicns arm
valves, pus=p seals, flanges, compradsors, couplings, etc,

seaciscically significanc: TIopliss thac the wariation 1o che data 1s aoc
just duos to sampling or malytical erzor, but that thaze 13 a ssal dil-
fazence Serwasn the accual resulc and vhat was axpected o happen by
chance aicoe, Witk sny scacistical cest there I3 a leavel of umcerstalas=
iry, uscally callad che signifizance level (x lawvel).  This 13 che
probabilicy of declarding that che difference i3 teal when in facc Lt
i3 nmac.

centiag: refers to the procedure of enclesing the scurce ledk In an ijer:
plaseic (Mylas®, Tadlaz?) enclowsure. Tha saspling crain is connecred
o the s=zloduze, and the fugizive emission leak Tate 13 Ssasuiwd.

TLY "Soiffer":  Bafars co a port=able Bydoocarzbos defaciisin iSatrTusent =anu-
facrured by Bacharach, Inmc. It uses 2 catalytic dececzar and alr puzp.

cocal hydrocarbens (THC): A summation of the concentrazieoa of all organic
cospounds detectad in a sacple of che fuglrzive e=issions.

typs of sarvice: Rafers cto che physical szace (gas, ligquid, or beth) af
che zatecial(s) coorained iz a spacific pijeling or wesasl,

volacile organic compound (VOC): Means any organic compound which partizi-

pates fn arsespharic photoche=ical reaccicms; or which 1s seasured ¥
Reference Hecthod 11,

xl
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1.9 ineaoBLETION

ihe V.5, EPA Offica of Adir Quality Plamning and Standards {0AQPE]
s currently In fne process of formulatisg New Scurce Perforsince Standards
(NSPE) for che comtrol of fugitive wmigsicns of wvolatils CIanic compounds
(VOC) ., This study was underzaken by the Office of Research and Development
Eo aasist QAQPS In this efforz. This wvork effort wac incended o davalcs
data to decer=ina the effectivaness of routice (on-line) mafaranancs iz =-a
reduction of fugizive VOO emissfsns from im=line walves. Tha srerall
sflectiveness o an inspeccion/maistensnce srogram was scxasined by pEodving;

. i==adlate amission reduction due t2 maiocenanca,

# Che propagacicp of the leaks afrer saincanance, and

- the rate at which new leaks gczur, for homh pu—ps and valves.

“Eid Teport comraima three =slcr secricos and Five dppandicas
Pius & refereace saction. The =ajor coemelusions of the pEagram and the
significant resulss which support these conclusions are presenced in
Section 1. The detailed resulzs and statiscical apalyses are presenced in
Section J. The varicus experizemctal procedures imvelwed iz shis preiecs
are cescribed in Appendix A. Appendiz 3 zomradmg darails on o dxca handling
procecdures. Qualicy ceatrol procedurms azd resulrs are dess=itaed in
dppandix C. A detailad discussion of the statiscical consideritions and
procecures used in developing Seccion 3 are given in Appendix D. Appeandix
L contains tuo-way table data suzmaries of screening values. A cemplats
prasamtatics of che data gathersd foo asalysis for shis profecs can Se found
it a0 umpublishad rachniss] msrs (Refarencs £).

The screening data were developed with both zhe Centyry Syscams QVA

and the Bacharsch TLY Spiffer. but most of the analyees prusenced in this fEport

use the OVA dara to be consistent with ather studies in cheoical mlames.




2.0 SITMMARY OF RESTLIS

Saveral important fimdings resulzed from =his scudy. The signil-

{cant Tesults are Sighlighted iz chis section. A =oTE coplete presencdzion
ghiand =

af the resgults of chis program is iacluded ia Sectism 3.

7.1 ffger af Talve MaisTeaance

| 5o
e —

Three aspects of the effect of valva maintezance on fugicive

emissions vere studied:

. the i=—gdiagte effect Zased on seasured leak Tates,
. the long term effect Sased om seasured lazk Tates, and

s the izmediates effect based oo scresning values.

Analysis of the izsediate affact of maistanance using Seasured
= 5o

lesk rates produced am estizate of TL.3Z reductics in fugitive s=issions

(952 confidence Ili=irs 2f 343 BB 2T t=mmdigralr afcer =afnsgnance.

Lacar sasplicg of the zsincained scurces I9 szudy the lomg zam=
gfdarr of maintenance indicated thac the reductisn estizates ghratngd for
immgdisrs affaces of maintensnes held for the lemgth of the study {up =o

aix =gacha).

Analysis of rhe fzmediate effsct of zaintenance basad on screanizg

dara and vsing a 10,000 ppav acticm level, produced an eatizate of a8.9%%

reduerion in the oe=ber of leaking scurses as a resuli of the zainTenance.

This indicates that 71T of the leaking scurzaes could =oc be zepaired (vhera

rapaized {3 defined as screening <10,000 ppov after caintenance).




T

L

z.3 OccurTtesce of Laal

The race of gccurrence of leaks was sctudied uslng chose pucps
and waives that faiciallv screeped ac <10,.000 ppov and which were net 2aia-
tained during the project. An exponentlal zode! wvas fiitted fo the JACE I8
develop sccurrence rate estfizaces. The resulzisg estimaze 2l che oclurrence
rate afcer 30 days iz 1.3% for wvalves wich a 551 confidence fnrerval of Q.73
ea 2.1%. Tor pump saals, the I0-day estigated scourrence raca is J.5% with
2 59%% confidence ipcervel of 2.2% to 1030 Thues, afcer 30 days from the
timg of screeninmg, 1.37 of the valves and 3.5 of the pump seals which
had screenicg valuess <10,000 prm i the isizial scTeeniag canm e exgeciac

o have scressizg values »10,000 ppa.

2.3 Recurrence of Laaks

The Tace of recurzesce of leaks was studled usicg I3 walves whizh
gare repaired durisg =aizcemance. A staclszical =odel was [IDI#c T3 tha
daca to davalpp recurrence care escimates. The resultiag eatizaca of the
recurTence rate of leaks for walves 30 days afzer repaip L5 17.2% wizh
iz approxizace 5% confidence imterval of 5.15 Ta 37%. The recuzTence
cace for laaks 15 =uch higher thanm the sczusTecce TATe,

3w

Lo HModellad Balardcnakip=Laak Bata Vaerius Screening Valusm

Relaricoships becween screening values and Seasured leak Tatas
wars estzhlighed far both the OVA and the TLV Soiffer. Sepacaze =ocels
wera daveleped for pump seals, valves in gas service, and valves im liguid
service, sinee scaciscically significant diffarences Lo the =cdels vers
found between thesa cacagories. THe glope and intercept for the valves in
the liquid sarvice model were found to be seaciscically differene from those
from the reficery study (Refersnce 8). The pump models were nof found ta be
scaciacically dfffarenz. The sicpe for che gas service walves was [ound Iz
be staciscically diffaranc fros chat developed in zhe velicery prajecst,
but, the intercept estimates were not statiscically differenc. However,
aroject constraincs did nor permic a thorough comparison berwesn the re-

larionshipe developed in this study and those from the refinery project.
]




2.5 1 for Maintenance
The ti=a for maintenance of valves In chis szudv averagsd about A

ten mizures par valve. Maintenance during this study was rescricted to
tighrening packing gland Solts. There was oo dilfemace ino fhe Tize requirec

o madnrain Hlock amd zomcrol valwas.




3.0 DETALILED RESULTS

The mechodology and tha seaulis obtalned from this study o8 the
affgces of sainatensnee oa Fugizive exinsions are presanzed iz this sescion.
Skatistical sethods essloved 2o amalyses =Ne daza obeafi=ad zze bBrisily
prasanted firae Iin Seccionm J.1. More derailed cechaical iaformazion cono=
cerniag those mechods is included in Appendiz D The zethods are introduoced
fizst to aid che reader in following the =athodology wsed Lo loterpret Che

dacs presented {n the subsequent se2tions,

Quancicacive deasaripsions of che effects of malacenance oo
Fugitive emissions from valves as derermined inm thisg szudy are presanzed in
Gec={sma 1.2 and 3.3. Sactiom 1.2 presents che fipdings concerning
{empdiare effacty of =ai=nrzecance, acd Sectiam 3.3 presents chose findipgs
far lomgar paricds of tize. Racas for sccurTence af leaks in non-leakizg
pusng and’ valvas and sesurrence oF Lleaks In valwes wvhich had been leaking
and were tepalred are presemced L2 Sections J.a and 1.3 The relationship
betwesn screaning values cbralned with portable sonizors and actual sampled
lesk rites i3 ghovn ia Seccion 1.5, Fimallv, maintenmance procedures Iz
ehis srogty and other practicas applicable o valves aze Zizcusned, ang the
cize requized iz this scuody for saincecance of wvalves ame prosenzad iz

Sactien 3.7.

1.1 Scarigzical Conceprs and =odels

This section providid a brief Jescripticon of the statisgsical
oachods smployed {n Sescizn 3. Application of these =echods 18 also d&is-
cussed. Appendlx D contains decailed diacusaions of these statiszical
sachods.

Jul.l Eaighted Parcent Raduction

The Weighted Percent Reduction (WPR) i3 an escizace of the percent

thar the tocal mass ecdisdisna vere ceduced dus ¢o malntemance:




= o |
() zass saigelions Sefore =aiocenance = 7 =ass amissices afcer maiarenance) x LOO

WFE =

- |
2 Bags e=issions bhefore =alintenance

This .“cizgce was used to seasure the affec=ivensss of valwve ssistenance Yased

on Ssifured leak rates (Sectiom 3.2.1).

Confidence intervals for che WPFR were comstrucced by ficcing anm
approprisce © diseribution afrer esrimating the mean and varfance for a razis
af randem varlables. These Infervals wers used £o «Tatlsclically compare the
iomadiace effecs of madocecance Jor the three processas and gas wvs. liguid

sEsvice.

3.1.1 Peczenr Sources Aegalred

In amalyzizng the edifect of saintezance basded on screening valuas,

che parcenr of sourzes repaired (P ) wvas sscizated usiag:

- Husber of repalred sourses x 1080
r Number of sourcesd screened >10,000 Issediarely Bafors HMaiacenance '

¥

wvhare & repaired source refers o & source which screened below 10,000 ppow

i=madiacely following nafisrenarcn (Seccisa 3.2.2}.

Cenfifen=e Llatervals for che percent of sources cepaired ware con-
structed by ficring an appropriacs blacmial discmibutdesn. The unkaeun true
pearcant of scurces in the populirion vhich wounld be repaired Iies withis the

confidence fi=ics with teassoable cestalziy.

3:1l.3 Exponentia. Ddscribucion Hodel

In evaluacing the tace of sccurresce of laaks iz Seeziem 3.4, &z
axponansial sodel vas used o approxizace the actual disztribucion of the tize

o firse gecurrenca of a lask. fmee the oezurrence rate was estiszated fros
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e data usiog chis sodel, 44y, F0=day, and 130-day occurrence tates bv
process for valves, puzmp seals, valves in gas sarvice, valves ip liguid
servize, block valves, and zontrel walves were estimsted. Correspondisng

933 confidence ilatervals far he cccurTence Tatés were a4lso computed hased
o 4 chi-zquare discribution. A scaciscizal zesc (F-racio]l wvas perforsed :2

cest for significane diffarences in occurTeénce CACE estimazes,

In comparing the observed wich the predicoed occurreance races. che
emplrical distribution fumerion wvas computed from the daca. A cosparissn of
the plec of che expizical disrribusion wiczh thaz of the simulacive dig=—-
buction (Sectisa }.4) for the expomencial —odel indizaced -har zhe expocencial

diseribucion provided an sdequaze model for eacimaring occurrence ratas.

3.1.4 Wiyad Digrribotion Modaly

In gszimaring recurrence Tates of leaks after =aintenancza iz

Saccieon 3.5, & mixed digeriborion sodel war a=ployed. This cixsd zadel
consists of a oniform distribucion for recurrence cimes wirkin five davs
after repair apd an exponencial dissriturion for recusTeace tizes greater

chan five days after mepais.

Thirty=-day, #0=day, and 130-day recurrencw Tate escizates wara
obtained from the sodal, fmcludipg 953 confidence imcervals, ia simdilar
fashien to the occurrence Tate e#stimates reporzed {= Secricn 3.5, A cocmarison
of the s=pirical distriturion wizh the cucularive digtribucion for che =iygd
socdel indicated thac che =ived distTibucion provided anm adeguare =odel far

Ilti:lti.:,l FREHTTERCE Tales.

daded Eorzelacion Cosfficienc

The corralacion cowfficianc, tx?' i3 & pusber betveen -1 and 1 whizh
saagures the screngeh of che linear relacionship betwess twe randas rariables
x and y. It L3 applied In Section 1.6 zo describae che goodoess of i of

tach linear regrassion of Logy; leak raze ws. Lag,: =ean screening value.




In this contexe, :;T can he Laterprecad ad cha proportion of tocal wardabf{licw

af Logps leak race thac is sxplained ¥ Log;; aean screeaing value.

" 3. 1.8 Analysis of Variancas

The aoalysis of variance I3 a scaclstical fechniqua chat separaces
the wariation thar i{a presansc is & ser of data into exelusive su=s of squaces
due to one of =ore independent wvariablas and thes Tests hypotheses about Lhe
affgcs of thesa variables oo the dacta. The sathod wad pSed =0 esII=ATé o4
vardznca components described iz Appendix (. A modifigaticn of this analyals,
callsd che amalyaias =f zovariines, is described balow,

a2

3:1.7 Analvais of Covariance
Tha snalysis of covarizmce Iz ma axtensios of the analysis of

variaoce that exa=ises the joint lizear relacion betveen w0 varlables as

fpered by one or =ore iodependent wvariables, where soe of che two variables
15 considared the dependent wariable amd the other is cermed the covariace.
This =athod vas applied in Seccion 3.5 to examine cthe relationship batuween
e=ission rate [depexdest wvariable) acd either OVA or TLV snlller zean screesisg
values (cavariaces), as affacted by proceds (cusens, erhylene, and wizyl
acecaca), sspwice =vpe (gas aad liguid), and scurce Cype (valves and pump
seals). The resulcs of chis snalyeis ware used co determine whether the
licear ragression relaticnahip betwees Loagig leak care and Logp; =ean screening
value resained the sama for various coshinations of Joocess, sarsice Type,
and source Type. Sepatate lisear regresiiosn equaticos vesrs subsequestly
#ie for each coshination yieldiog a sraziscically significantly differzent

regrassicn line for Logi; leak race vs. Log;; mean seresaning value.

2.1.8 Linear Regression (least-Sguares Fie)

Linear regressisn refars o a2 scaciszieal technique for ficting a

straight line through & sec of dara poincs (palss of values of cwo variablas).
The purpose is to be able Co predict values of ome variable from thosa of
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the gther, The lsast sgquares sritarion was used ©O OBCALn separita fizced

linas for che cegzession of Log:es leak race ws. logi; Sean screencig value
(OVA and TLV Soiffavs sepaTacely}, for each of the appropriate coshinations
of service ype 3=4 dource =ype&: o= seals,. valvas iz liguid sarvice, and

valves La gas sa=vice. GSae Seccion 1.6,

3.1.% Sealea Bias Correcrion Factor

A scale hiag correction faczofr f3 a szazdassic :tﬁ:i:=d ce abraiz an
mbiased esciz=ate of the zeas iz the linear (s-igizmal) scale wEem TEgressizn
znalysis is perfor=ed in che logarithmic scals. Irs uge =ay b Lllustraceaq
by an exasple (Sectiom 3.48): For pump seals, he lingar regressian equation
for predicting lLog,, Leak races from Lag;s =ean OVA scresalng value i3 given

&5

Logrs (LEAK) = =5.29 + 0.38 Log;: (Meaz OVA).
and cha bias correczion facrazs vars estizmaced £o ba 1.15. Converting to :he
limgar scale, =4ha predictipp equatienm for che =ean (oon-oechane) leak rTate
heco=an !

waxn MM Laak Race = 3.19 (107 " 3*yqovay® ¥

- 1.64 (10 Yy(ova)*" !

Obgacve that this equatiss is shtained from the regression equatiom By ApplFicg
the axponencial (inverse logaritha) funceisn o Yoch sides and thes sultiplying

by the bias zorrection faczor, 3.1%.

3.2 Ismedince Effwes of Walve Haiotanance

Theze are several wars o approach the tople of che effectiveness

af malncrenaca. The differearciacing faczor szoag the varlous appidaches -4




rhe underlving guescicon To be ansdered. £f che guastlon is "What L3 thae
efdger of an in-sarvice maintesance prograz on cotal emisgicns!", then a
.comparison af the cotal leak Tace before saintenance wegsus the "tocal leak

"rare after maiscenance would be appropriate.

The cuestion, "How well zan lesking scurces be zaintained =0
soreening valus liziza?”, can be angvwared by exazining the screening values
im=gdiately before and afrer =aintenancd.

Consequanczly, answvering sitler oT hazh of these guestions Tegquires
thar the SOSC APPLOPriste measuresenis (screeding value o= leak Tace) He
chosen fra= =he =any daza poincs collected., Figure 3=l 15 a tize lige diagra=
showing the saquence of screening value and e=238ions Seasure=ents for tha
valves i3 chis study. Measuresents =ade during Sne second amd Chiryd visits
vers used iz svaluagiag the long-term effsct of mainzemance. Ihe LTSaclace

- F .

effgrr nf mzinremancs wvas evaleaced using only fitst wi

it daTx,

Jadil Effgecivenase =f Valve Maintenance Hasad oo Mgggurad Leak Racas

To gmsver the guestisn of “What is che effect of an Ia-service
=aincengnce STogram oo total Iugitlive e=iggions!™, the weighzed perTzent
reduction (WPR)] was uaed:

= =
WPR = (F ¥ass Emissions Eefore Maint, - 2 Mass Zndssions Afzer Maiat.)

-——
# Mass Emigsiczs Zefore Mainr.

whare = i1 che nuzher of wvalves saintalsed,

10
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2o,

To calculate the WPR, paired observations of measured leak
rates from 155 arte=spts at maintenance were available., Thesa sources
were enclosed ("cemted”) and the mass emisczion races (in pounds per hour)

“of cotal hydrocarbons were measured. Although it is not ;tntrillg con-

" gidered a VOC, =echane vas included in evaluating effectiveness of mainte-
pance. It has been shown thar the effectivencss of mainrenance is wirtually
independent of process unit eyps. Therefore, it was assumed that the
peduation in mass emfdsisns due o maintemance 18 not dependent on the
composition of the VOC Seing e=itted. Within a few hours to a few days
after the initial sampling, in-service maintenance was performed on the
wvalves. This was followed by another sampling within a few days., Tha

sempling methods are described in Appendix A.

Figures J=2 and 3=3 presenc the resulting emissions daca on
logarithmic scales in two formats. Figure J3=2 is 2 ploc of che before-
maincenances leak rate versus the afrer-maintenance leak rate. Figure 3-3
is & plot of the difference betueen tha be fore-maintensnce and after-
saincenance leak rates as 2 function of the before-saintenance lesk rate,
The latter ploc shows two distinct groupimgs of observations; those vhere
painrenance was successful (difference greater thap zero) apd those where
the maintenance procedures appeared To worsen the lesk. An exmmination
of the =any variables associated with each source failed Eo find reasons
far rhe imaffscriveness of maintenance for this lacter group of sources.
However, for approximacely ona-third of chese sources, the maintenance
erew noted some condirions which may have prevented succesaful repair.

tome of the conditions were:

" pocking alresady compressed fully,
. rusted muts, and
. gland cracked.

Waightad percant reductions were calculated for wvarious groupicgs
of the 155 attempts at maincenance. These WFR's are given io Table 1-1.
A graphical presentation of these WPR estizmates and their 951 confidence
intervals is shown in Figure 3-4.
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Since acne of the WPR gscizates are scatissizally diffarent for
any of the groupings. che owveral. asTizace ig rha =ogc appropriare estilzace

far applicatien in ocher srganic chemical unizs.

Ir was alseo of interest to invescigace the zhaage io the PR agri=
zaces far varying screaning actise lavels. Flgure 1-J 15 a plot of che
before-maincenance OVA resding versus the reducticon in measured exissions
races (pounds per hous} due to =aiacensnce. When saly valves wizh =he
sgmediately before maintenance sersening valuas >10,000 spmv wvaze sonsdiderad,

eha WPR asrimace cdecreased slighely co 70.1% with a2 335 zonfidanmce fnterval

n

af 6T To §05%. This escimare is alzost idemgigal 12 the pWwarall sgri=ace

i

1,35, The WPE escizace for those sources where che hefsre =maizzenance OVA
q

cepading waas €10,000 was B2.4Y wich az approxioate 932 confidence incesval

-]
af 57T =o 100%. Thesa tuno WFR estimates are nos staciscically ¢ifdprenc,

.22 E#dgnrdngnans of Hgimtppance 3as4d on Screening Valued

=2 ansver the guestion of how well can leaking sources beé aainmrained
rs seresning value lizizs, three specific screeniag ralugs for aach =maincained
sour=a were considsrad, They are the indsial bafgre-maizrenance OVA ceasing
(0 on Figure 3-1), the OVA reading obrainaed {mmediaraly before maintenasss

) en Flgure 3=1), and the OVA readizg sheained lr—edfarely afzer zaintenance

(& oo Figure 3=1).

Tus diffaranr analvses of these screening values Jeln perioraed.
The analyses were pecformed in a zasmer which would sizulace CWO Ways in
which inspeccicn/maintenance progra=ms =ight be i=nlezancad. One way to
{=plemant an inspection/maincensace progras Would be faviag pazsonnel go
through tha process unit screening emlsslon sousfzes, and then having a

saparate saincenanze crev follew at amcther tize o parfor= =aintenance.

Another way in which an inspeccicn/maintemance progras alght be
gstablished is by having the sazs crew perfcrs scTeening and =alatenanca
during one tour af che process unis.

ElrEmEms
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To analyze the sffectivensss of Che first cype 2f program, comparisond
vere made begween the inirial before-zaintenance VA reading & on Figure 3-1]
and the OVA reading caken f=sediacely afzer =aintenance (L on Figure 3-1).
To analyze che effeccivaness of a progra= a? the secsnd Cype. CoOZfATIsSCOS
vers zade herwesen the OVA readizg taken iz—ediarely befare salacenance iTon
Figura J3-1) and the OVA reading ctaken immediaraly afger zaintepance [T om
Figure 3=1). These csmparisons ace ghown grashically Lin Figure J=fa and b.
fakles J-2a and b are summaries of analyses basad om a se=eaning
wvalue sut-aff of 10,000 pp=v. Ia both cases, che pezcent ramaired ar =ain-
cgnance L5 the percentage of chose sdurces which sermened abswe 0,000 ppev
and afrer directed safmzenapce, screesed pelow 10,000 ppzv. The avezall
agrizmpte for ona cype of zaintenance progsa= was 18,9 percent., For the scher
type ir was 1%.6 perzenc. Thesa g5ci=arps can be (=rerpreted Eo =@an Chal
abaug 70 parzenz of the sources could noc De repaized (with the definigieom of
rqpaliz being =o screen AL léss than 10,000 ppevw). Howawver, Lt shogid ba
poinced our cthat even chough enly about 30 percenc werse repalred {ea azclion
lewel of 10,000 ppmv),. a signifizant reduction Ia exigsions was achieved,

{See Seczion 1.32.1.)

TIn addition to che sumsaries in Table 3-3, akb for the =wo inspectian/
mzintezance procsdure scenarios, apalyses on four screenisg vALuE COTpATIEONS
4

are given {n Appemdix E. Each of the screenizg values waed iz this analysis

wae clasgified i a screening cange category assording =2 the fsllawing canges:

| Sermaning Value () Range, ooEy CAregory
x =1 1]
18 x & 999 1
1,000 € x € 3,999 2
10,000 < x < 49,99% i
50,000 s x L

gheis o o ; 19
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e e T RS T e e S




samdd gootors Hepprer yan soovbagujoe alojadg Ajajejposs] 01 BA0pA Easanon 30§ Ajugy

i.v._._.-u___q...._._._ WAL ST P ARE Y
TRA BIUEUIINIEY Ai0)g [URAfE] 0 3074 cmy-f panipy

Pl be T wAD WIWap s NEdE T8A 10 I gL

LT T nBobal LT oanl aal ar W
-....._lll|ll.-.h|._....l||l||l|-.-|...|||rl1-|I|...-||......._||||||l|l.-l||-.l-|-|-||1
L Ao
A
i I
¥
] ]
] ]
it ¥ B ]
¥ A “ M
...... w
" ] L1
x&&x I C|
¥ I
[ . L] ¥ o v ANE o
¥ ] -
I 3]
w I
i ' o
1 b |
+ wpay itw
L) i ¥
1 iy
1 |
L ]
¥ 1 1"
8 &« weasl i
1 L]
] iy
1
b 1 W
. B i '
m ‘Do Wijwd ¥ W W W T i
1 1 ]
1 w 2
1
]
; ]
o A k| P Tuouligh

"l a%a Ff m oW S ¢ e ¥ OpMIInIY

=i




pluppray yaAn Aasueuaiu)ig 191]§ CRA aangag . ge o anid “qy-f aandgy

Al F B WA RNy T TE  JH LI

Aunpowl HIITL tuag i fnui wik omi W
T e e L L T L Rl e Rttt bl Ll
W ¥ An ¥ v * @
I
I
]
] 4|
[} L1
1] =Bl |
WY ] 1
1 ]
1 1
1 M
. ¥ ]
M 3 Wi  oan ¥
W I A
| f
L) ]
i 1
1 ¥ =
L ¥ « @goj i r
in L] L
[ W
i v . 4
I ]
] H
+ appal 1
] ¥
i 1]
]
] H
1 1
¥ i odpoosy |
] E |
1 ¥
1
i
[
w ¥ & leagauplt

SLLY Sy A ow ol "SHn o1 om ¥ oAndIAAN




saouedf jUA R Jo paas) £OoQ @ v UCTEIRIla
A1PAJARTIRIN 100 3aR EUADPANRIN FRGLIFA BT 20) goynray e paiprdan quasiad Byl oy
camldd Qpptglc WA aRfra Aujuaslile wIEEN2J0 LM BEnpag Eppyirjpmsay sip) 21008 saaanos K16y
“Huppenl yaQ Bouvdali]EE-any)e @) vo amld Qepiop AogRg pananaan aainek By oAb paagesdingy

(8 ‘v ) %61 1k ABATEA O8I0
s "fi) 0°9t 0% FAALMA §IN]Y
ey "y1) R Iy aapazay pyabyy
(6% ‘61D 31 o AI]AlY B by
(td "9l [ ] ajriany [AUA
ey 't (B T4 #e aua iy
L% "c1) L S 6T ausminy
{1y "og) 96T 18 EOAIUA TTV
y [0 frillny ERTLTEETTT ST T Buguaaaiag
JumIIa] e [EAIRIU] wiroapaiday Juaiing IvEIguUg aw :
pavapFuan 10 pun‘ol 5§ Hurpuasiag

BOATRA JO IDgETE

P il st ot e R YRS S = T —————— T ———— e —— 1 —

EAMIVA DHINAFADS
we A INVHALHIYH WALAY ATALYIOAKHL 54 DHINAANDS
AVILINT HO OHEYT »OFHIVAAE SANTYA 40 IHADMAL "TI-0 FTEVL




EC

TABLE 3-2b. PERCENT OF VALVES HEFAITHRED® BASED DH [HHED I ATELY

LEFURE AND AFTER HAINTEHAMCE SCHEEMTMG VALUES

Humber of Yalwves

Sereening ¥ 10,004 95T Confldence

Temodintely Before Fercent Repalrod® Tnterval on Percant

Halpkenance al Holntewancs Kepalved®
All Walves 937 8.9 (20, 19}
Cumene 12 5.1 (12, 41)
Ethylene 4H 2.9 (12, 37)
Vinyl Acetate 17 52.9 (zh, 11
(fnE HSorwlce & iy 11.4 (19, 4d)
Liguid Seevice 57 P (14, S0}
Block Yalwea 5H Jh.d (2&, S}
Control Valves 19 4.0 (71, 34

sfepalred means the source gergomed below 10,000 ppme on the aflter-malntenance OVA reading.

Hote: the percent repalred eatimates for the warisus breakdowns are pot staclstically dlfferent

at the 0,05 Jewel of glgel [lcanee,




To allsw an assessment of the effects af differenr action levels -
an the susher of wvalves which can be Tepaile
The fwo-way tables shew the [ollawing

d. rya=way tables wers cons ruaegd

“using these screening values categoraes.

CODpACLEONS.

. I==sdiately before maintenance screenlog values Versus
the im=sdiately afcer zelisrénance seraaning valuas
This cempariscn can be used o evaluace a= ipapaccion/zafncanance FTOTAZ

where the inspecticn team alse parfor=d the =aiatenanze.

- dpdigl befsre maintenance soreenlng vValues VATsU
scresning values sbrained I=sediacely bafzre

Daipcanance

This comparisen gan provide InmforTmatien concernizg the percent of walves

whish sross zn action level without sainfenance.

. Inirial hefors maintenance screening values Versus
screening values obraized fmmediately afrer

maintenance

This comparisen is usaful in evaluaciag toe gfface af =mpipcanasss oo Tedusing
the percent of leakiog sources I2 rhe level of che i=sediaraly befsre zaizn-

tenanca screening value is ignered.

- 14431 bafore maintenance screening value varius
gerwanizg values obtalned {—epdfsraly afcer =ain-
rengncs only for rhose scurces where rha l=mediarely

bafore mainrasance screesing value iy greater thaa

or equal to 10,000 ppav




This comparisen provides an fndizaticm af che e&ffgcs of an ipspection/main=

renance program where the Saincenance Soew foxllovs

several days.

The zablas are gTessnted in Appelcix

allew amalysis by the following breakdowmns:

. overall,

& procesa cype (Cumena, Ezhylene,
& gervice (gas ‘iguid}, anc

. wvalve type (blogk, ceomtroll.

k]

T afnd were

constrEchec

o
1=

2




3.3 Loeng-Term Zffect of Madn=#nance on F=isstions

Valves that undervent zaintemance in chis study were Shaecves

" perdodically for up to eight =onths. Selectad valves wers resa=pisd furing
this perded o assess the lomg-term effecss of =ai‘ntapance on emigsipn faces.
This parc of the scudy was pec diregtly relaced to the =ain cbjeccives of che
Program as described In the iasroductisnm. However, che effecs of an in-service
malntengnce program on esisalons aver periods of several moorhe {8 of shvigus

intaresr o all concamned.

Te put the loog-tarm effmct of suintenancs in=s 7erspeccive, it is
helpful =o compare the emissions from rhe mainrafasd valves =a thoge frasz a
control group of uvasaifncained valves aver a peciod of tige., TFigures 3-7 and

3-8 are graphic displays af this coEparison,

Figure 3-7 shows the average emission race in pounds per hour of
fugitive emfssions par source for shree gparace tize cacegocies. Tor a
Sgurce o be selected for the smalysis shewm £a Figure 3-7, ic had co have a
=#asured leak rate in each tize cactegery. The aveention co this fule was far
fources im =he comcral Browp. Valves In the control populifion wera mos
required co have an cbsarvriem ia the "afser =sincapance" SBTRESTY sizce
they wers aor maintained. In the firse category, "imizial samples”™, the
average leak rices for 126 sources to be maizcained and 60 sources desigmared
a5 controls are displayed. In the second category, "af-er maincenance” | che
average leak rate of tha 128 maintai=med ssurces irmediately afrer =aincesance
i3 showm. Mazuzally, there are no observacicns far =he eantsal group for
this zaregory. Ia che third category, "21 =o 225 days”, che average leak
taces for cthe 126 and &0 sources, measured ac lags: 20 days afzer the igitizl
sampling, are shownm, Iz chis categery, the madissm sazmpling dav since cha
inictial sampling for the comerol group Ls 77 days. For the mainraimed greun
the median day simce izdcial sa=mpling is 110 days. The ranges af zha Zavs
since initial sampling for che owo groups aze 21 to 216 and 4l o 215,

Taspectively.

26

o L P '




dnnasy porpwng A EAUsUEIe] e jo 1284 wasg-teog

LENLIE TN LITRREE T |
wdwp Ly o9 T

arl dv g den
e we]psy

[ R

! a—wrasp) jw)
158 1wddy

(l[ljeouiorrs

U

LR DR T
Ry

:
:

K
E

rafFIvs #T

wridasddy sms
g8 gy dnoaf ta

(ETRELT
=1 g

K

| .

-mm_ﬂ I—auhﬂ.?ﬂﬂ

. |

A m) deodl joaguos e) soj srps epdacs o)
Q7 =) dooal peujoyuoe ey Jo) sEja e ]duns By)

r-10 aamdpg

Hin

g n

cfii'n

EaTn

kN

-4 A

-£RQ

-3 a

- i H

-0l m

[ B - R =

>4 B 30

27




ducds (oA TEA asutuaIueR pe 193150 wanj-Huny  cp-p aandtg

& ek F @)Y LEULAEELY L R B
» i

. M- 1 ik e i .“"

. Ao
) EEY 1
. ! o 3 m_ -la'm 3
1t EER n
} i mu e
3 3 1

m -E8 8
£ Wan .m P £
m._:_ L T_"-.ﬂ L
B d
) Fsee

LIRS . i
LR P 4

e &
: n
e,
|| i

_ ..-.ulllu-hh:.-. R
_ "
ILTIETTT =@ o ]
1 - -...,.H...u_-.::__..u- TELD il
A Lat1'e 2
LUIED i.p
===Tu_-_:_ﬂ._¢_nl ni_uh.—tﬂu &

Eff ®f ol jeajuss eif] Joj RE|s &)deos sy
£F 21 dnod) psujojujow sy) Joj szjs e|duecn e




|t

To provide a statesent
emission vate in Flgures J-/ and

23%. (sae Appendix C) was applied

apply the astizace of sampling esTol

af goofidance on the estisazre of the avarage

3=8, an escisars of sampling varlacians,
2 gach observaciam. It is appropoiate o

o
253+J

to sach Seasurscens rather CHan

a measure of source-co-source variabilirv, sioge pairiag of obsecvations

gver tizs =sdps soursce-fo=dgur=s varlabilicy

rralevant. Sismce the sase

group of scucces is saspled Ln each tize category, the only source af variation

percinent co compariag the sace group of sources oWer Iiz

vArsan e,

approximate, ome=gided 333

confidence

iz che sa=mplin

e confidensa Idmirs displaved in Figures JI=T and I-3 are

1imiEg,

Flgure 3-8 4s sizilar =o Figure 3-7 axcepc that an ATTespt has seen

made =o break the "21 =g 225 daya" cazegery inCo Two sub-cacegories. The

sub-categories were defized oo provide a higher resolucicn analysis of valve

exission behavior aver Cime.

dizensisn is a reduction im sample 5i=

The =ajer probles in this redefisisag of che tize

{miy L3 comtzal ssurses <ould =

&
satched ints =hrae sampling perisds (initial, 19 co 105 days, and over 103

daya}.
sazpling periods (imisial, after
days). The divisicn ar 105 days

agurces im mach groupa.

Only 41 mainrained sources could be =macched for the necessary four

=aintezance, 15 o 105 days, and over L0O3

vas salscted Fo shTain the saxfcus musher of

The major ceonclusion thar cam be drawm frem Figuzes -7 and 1=2

iz =hat

guscained for che duratica af che project.

the i=—sdiste effapr of zainrenancs discussed In Sectloo j.2 was

The =izer changas io the

comtrol group and the maiatenance group aiter the initial sampling wisit

{during which the maintensnce occurred) are not statiscically significanc.

23




Qecurrence of Laaks

The rate of pccurrence of leaks was studied rsing ;ﬂmﬁ; and valvas
thar inizially screened at <10,000 ppmv and wers mor zaiaraized during the
projesz. An expenential model was fit to rhg d3fa im arder =zo develop oczur-
rgnce =ace eszimates. Thae resulring J0-day gscizate for valwes Ls 1,33 wich a
98T confidence interwval of 0.7 to 2.1%. For pu=ps, sha J0-day escizace

fg 5.%% with a 95T gonfidence fncerval af 2.2% mo 10%.

Ts svaluata the rarw of gccurvencs of laaks, an axponential zodel
vas uged to approxizace the seeugl dlsrribusisn of che cize o firsc docuzTencs
af a leak (scresning walus 210,000 ppmv). This sodel iz widely usad o
gus=arize daca sizmilar io aature =2 1eak cccurrepces LI che assumpeian can
ha =ade rhar the cccurrence Tate femalins comstaar. A sajer advanctage of che
exponential sodel over other gratiseical diseribuzicn models is thac a siagle
parzmacer fully and complecely describes & given gxzonencial distribution

{see Appeadix D for =ere decall).

The earcimace of this simgle parizecerl (designacad as A) Sgr the Cype

af daca obrained in this scudy is

| - —Bumber gf leaks that sesurred
=
T Total rime source 1 was followed
1=]

uhars ¢ = oumber of scurces fo.lowved.

For purpoces of this analysis a leak from 2 scurce was dafined as
having occcurted if it imdsially screened <10,000 ppmv and ac some lacer date
scresned 210,000 ppmv. Data om che occurrence of leaks Were gachezed from
rwo separate groups of sources.  Souroes in & confTel EToup chae imizdially
screened beswesn 1,000 - 10,000 ppmv were co=blaed with che "low leakar”
group (0 = 1,000 ppev) Lo the developsent of oscurTence rate escimaces.
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Combining the groups regquired proper waighting of cthe data in each graug,
Lasad on the actual discributisn of screeming valued. For each process afd
esch source type, the fractiom of all sources wich seresning values Dagueen

0 gnd 1.000 ppmr and becween 1,000 and 10,000 pp=v were sbcained fra= the
complete scresning of the plants dpcumsnzad in Aefarmnce I. These fracciomal
walues appear in Appendix D. They wese usad in coopuring esrizates of the
pccursence rates and approxizace upper and Lowver 5% camfidence 1imits foc

rhese estimates [see Appeadiz [ for zoTe datail].

(B8

Tablas =1 chrough 3-5 show the escizaced I0-day, F0-day, and 130=
day ocgurrenca tates by process Far walves, oump seals, valves in gas seTvice,
valves in liguid service, bleck walves, and apntTol valves., For axample,

Feom Table 3=3 it is escizmaced chac 29.0% of che pum=p sgals will scresn greifes
chan or equal to 10,000 ppe=v afzer 130 days. The cenfidance fmcarval for

| chis ascimace L3 133 co 47X, Apart Femm =hg sscizaces thamselves, ths mala
ragult {3 that pump seals have a scacisrically significant higher zara of

sesurrence =han do valwves.

Plots of the =vemulazive diseribution fumctiloms are shown iz Flguzea

3=9 through J-14. The predicted occurrence Tate far periods up to eighc
snnrhs zanm be sbraised direscly from chese curvas. The fzc= that the curves
ar= 2ot straigh: lines Is a comsequancd af the affpccively decsedsing popula=-
tion size, since sources which bagin leaking are a2 lopger imsluded in the

populacion. Iz should be kept in mimd ehar the underlving occufTence TATRS

are always assuzed o be coOatant, bowevars.

A% a4 check on the =odel, the obsarved and pradicted osczurTence TATAS
were cospared. The espirical discribution fimerian (Ehe aerual daca) was
computed as

Hu=har gf occurreEnces 4t tize 2t
Numher of SouToes cbhsecved over Cfime (0,D)

F(c) = 100 x

The derivacion of the desomimarer is explained iz appandiz D.
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The resulting comparisons for valves and jumps are sheva in Flgure
3=1%. The empirical distribution fumccion is showm as a stair-azep funcgelon,
and the pradicted =odels are the sazme as showm o Flgure l=8. Although zhe
figure shows chac the daga szay above the pradicced line for sost of Che tize,

4 oo em Bl ol

moge of che observations (steps) are wichin the 33T confidence reglons
]

(dashed lines}. Iz was cherelore, falr zhaz the axponenzial disczibuytisn

provided an adequate model for evaluating sccurTence Taces.

A seariari=g] cest wad used Co evalualéE sgiruise differenzes in

o ol e

Gocurrence cate estimates (s&s Anpendix O for decail of che cesc). Table 3-9
srasency the resulcs of chis analysis. The scacisrical cescs showed thac
pump seals have a higher sccurzence cate than valves. Similarly, valves In
iquid service have a higher oceurremce rate than those Iin gas aezvice.
Valves i{a the wimvl acetate process unics have a lowar cogurrence rite thas
hoth rhose in echyleme process ynizs and chose ig cusens process umits. .ae
pusp seals in vinyl azetace unics have & lower gocuzrence fate chan the pusp

seals in the echvlene umigs.

&l
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TABLE 1-6. SUHMARY OF RESULTS 0H PALEWISE COHPARESON OF (CCURREHCE

nalimiieds F=asmmm

Tl
Grougplng

i
Mg Lhie probald biey afl Incorreetly &

R B

Categorles Bolng Tested far
gracletically Diiferent
Decurrince Rafeu

Yalves wi. Pump Sesls
nlock va. Control Valwes
Valves o Gua we. Liguid Service

Valvea = Ethylenza wa, Cumeni
Valves - Echyleéne wa. Vinyl Avetata

Valves = Comean va, Vinyl Acetats

Pumps = Eghyleny vo. Comene
Pumps - Ethylens va., Vinyl Acetalbe

Pumpii = [Hamsinae V. Vinyl Acerais

Romilt of Test af the
0.0% Significance Leve
for Esch Tear Growpln

Slgndlicant

Hot SEgnllicant

Shgin b Flcant

Hot Significant
HSignilillcant
Slgnlfleant

Hot Siguificant
Sigalflcant
Hot Hlpsdfleank

lasal fylng a difference within o categary

RATE ESTIHATE
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% e gecurrence of Laaks

To study the recurrence of {agks afcer maintenance, dars from the

1%% gerempts At maincenance wese sxgmined, OFf rhese 1533 arteapls, 97 cEses
peresped 10,000 peuv {mmediarely befzpe maiatenance. For this analysis,
only those valves which scresned 210,000 ppmv imsediately before zaintenance
and scresned <10,000 ppov imsediately after maintenance were considared as
having a potential to TecuT. This eliminaced all but 28 valves from the
analysis. Of chese 18 valvas, sight were sesn o recur (1.e., scTeen
210,000 ppmv at some tize fallowing the after-maintenance screeningl. OfF
the esight valwes whose leaks cacurred, four recurred within a few days after
mainterance. The other four TECUTrTENCRE WeTE spread over the study period
{up to 7 months). Because of the two distinct groupings of recurTences over
time, a mized-rodel vas uaed in estimaring the recurTence rate. The exact

farm of the model used is daegcribad in Appendix D

A graphical prasentation af the modeled percentages Ior CRCUTTEDCE
along wizh an approxi=ate 9%% zonfidense region iz given in Figure 3-14. The

empirical distribution function {acteal data) is indicated by the dotted liae.

In Table 3=7, J0=day, 30-day, and 1B0=day recurténce rate escimacas
are given alomg with their approxisace 931 confidence limits, 1In comparisen

ro BecurTEnCE Tates, TecurTEnce rates are much higher.

TAELE 1=7. WVALVE LEAK AECURRENCE RATE ESTIMATES

95% Confidence Limits oo The

Recurrence Race Escimate fecurrence Race Estimace
17.2% {5, 37
23,53 {7, &LB)
12.9% (1o, &I
F.¥
' :'?l?:“igiéékééhﬁkgﬁﬁ;;?' E;ZS, 3T ; e
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3.6 uWopdalad Belarionship - Leak Sace vs. Screasning Value

To imwesci_ate the relationship berween scresning valuas and
gmigsicn raced, 4 TEPTRSEnCATIve soreening yalue was Sirat chosen. 3Since
pup gereening valuas for both the OVA and TLV Saiffer were caken with each
ga=ple, 4 more precise escimate of the relacicnshipy (=odel} could be developed
using the means of che screening values. Therefore, che —=ean of che OVA
readings and the mean of che TLV Snlifar readings waze cholen 35 oie repres

gencarive szresning values and were used im the madel develop=ent.

*he pceurrence of zero screening values with large leaz rates and
large screening values with zezo lesk rates was investigared, Checks veare
sade with field personmel and che origizal daca sheects wers reviewad ig each

of

shage cases. [a some imsrances valves chat had high scresning values
with zets leak rares also had very high amblent BC readings at =he rime 2f
ga=pling. These cases acceunt far many spurisus points. Also, screening
values of 10 ppmv and below are often inaccuface hacause of background con-
cgnerarions. Screening value co emissisa Tate relationships which imclude
fers poince are nof dscally of imtgrest. Thaz is, the ramge of iareres:t far
screening values is from abous 1,000 == 1,000,000 gpemv. Ancther diffizulzy
with using daca points where sicther the sereening value Lz zero or the
magsured leak Tate i3z zers is that they do oot masuyally eranaform ta che
log scale used in the model devalopzmene, [n order o use these data polncs,

they would have to firs: be sef o some arhicTary posizive walue.

Plots of the data in log scale with the zers zean screening values
firge sat ro one and the zerc pon-methane leak race estizazes set o 10 *
1ha/hr are shown ia Figures 3-17 and 3-18. Sizilar plots af =he daca with the
"sgra” data poincs deleced are shown in Figures 3=13 and 3-20. Alchough
deleting the "zero” daca poiats had very tirrle effacr an the paramecer

astimates, the overall precision of the sodel estizate vas achanced.

S e e e —
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Because the parazecer astizaces vere caly slighcly affeczad and
bacausa of the diffisulecy in ipeludisg them in cthe =odal, all valves with
scresning values (OVA or TLV Snilfer) less than L0 ppov and all zeto Leak

rztes were resoved from further analyses of che relacionships.

Ia daveleping 2 model for the screening walue and emission rate
celationship, data wera firsc divided imto two source typas (pump seals and
valves). A scariscical amalysis was performed to deter=mine whethar sapatats
eguacions would ba cecessary for the varicus process unins (suzeze, arhyiene,
and winyl acszace) and se=vice (gas amd liguid) cypes. Tables 1-8 and =3
presentc chese analyses of covariance tesults for cthe OVA and ILY Soiffar,

raspectively. (Appendix D describes analysis of covariance proceduras. )

Through tha inceraction ter=s (e.g., OVASEAVICZ), the slopes

af tha relacionshins for cha varicus levels of cthe second variable (e.g.,
Serviza} arw cested for sigmificant differences. For sxazple, The OVASERVICE
category is found o be signifizanme. This indicates that the slope of the
scrmening value/lask raze relacionship is different Sor gas aoc Piquid
service valwas. The individual cacegeries (L.e., SEAVICE and FROCESS) can
be interpreced as Sestipg for differecces in the imcarsepcs chin each
slasgifizarisn. For example, in Table 3=8, gas service and Iiguid service

sodaels are seen o have different [pteccepis.

Based on the resulzs of the analysis of covariance, che following
breakdouns were deased sppropriaze for model development for Soth OVA and
TLY Solffer:

. puzp saals,
. valves o liguid service, and
- valves in gas sarvice.

Laast-gquaraes Tegression analyses were done for each of chese
breskdowns. The logarichz of che ponzachane leak race vas regressed upon

the logarithz of the sean screening value (OVA and TLV Saiffec).

-1 8




TABLE 3-8, AMALYSIS OF COVARIANCE FOR TIPS AND VALVES
USING OWA SCREENING VALUES

Fu=ps Saals (o = 45)

Dagrees of frescoz Susm af Sguares F Valus e > F
VA L 1B.91 al.5% Q.0001~
Procass 2 0.6 0. B3 0,44
OVAX Procesa i 0.5 0.32 2.6%9

Valwes (o = 651

Degmees of Fresdss Sum of Squares F Value Ft > F
ara 1 253.7% aT0.43 Q.0001n
Process 2 0.3 .36 g.r7
Sarvica 1 5.71 10. 5% 0.001L*
O0VAx Process 2 0,99 3.92 0.40
OVAX Sezvice 1 §. 55 12.213 0.000%5%

wSignificant ac = < Q.03




TARLE 3-8, ANALYSIS OF COVARIANCE FOR FLMPS AND VaALVES i
CSING TLV SWIFFER SCRESNING WALUES
Fuses Seals (m = &&)
Degreds of Freedss Su= of Squares F Valua Fr > [
TLY Spiffer 1 19.50 LO.T& Q.0001Le
Process F3 .15 0.16 .88
TLY SnifferxProcass i 0.65 .58 0.51
Valvas (o = 553%
Pagzees of Traadom Si= of Sgquares T Valua P=-2F
TLY Sniffsr 1 23685 506.211 3.000Le
Frocess z 2.1 .30 a.10
Sarvice 1 1.59 Yaid .05
TLY SoifferxProcass 2 3.03 0.03 .97
TLY SpliferxMrocesns 1 127 2.51 a.11

sSignificanc at @ < 0.03
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The resulting six equacions (thrae OVA and chrae TLY infffer) ars
given bhelow:

[ Puzy Seals = OVa

Equation for Prediccted Maan Line:
Mean XM Laak Rate = 1.64 (107)ova)? 28

Equazion Sased om che follewing least squares squacicns:
logys (LEAK) = -5.29 + 0,88 Log:; (Mean GOVA)

Correlation Coefficient of the estizata = 3.79

Standard Deviacion = 0.47

93X Confidence Interval for Iazerzepe = (=£.0, =4.5)

953 Comfidemce Incerval for Slope = {Q.71, L.0&)

Scale Biss Correcriss Faptor = 3,19

N =53

. Pump Seals = TLV Snifdfep

Equaticn for Prediczed Hsan line:
Maan MM Laak Rate = L.15% flﬂ-*}qTL? Saiffar :llﬂiﬂt]a'?a

Equation based om the following less: squares squatisns:
Logys (LEAK) = —4.47 + 0.78 log,- (Mean TLV Sniffar readizg)
Correlacion Coanfficienr = .53

Scandard Deviatios of the Escisare = (.45

93X Comfidence Interval for Incercept = (=5.06, =3.89)

931 Comfidence Inzerval for Slope = (0,62, 2.39)

Scale Biag Correczicn Facsor = 3,39

= &5




Eguation far Predizced Maar Lige:

Mean MM Leak Race = 0.37 (107-3(ova) 70

Equation based on the followioes leasc squases squactions:
Logis (LEAK) = =%.72 + 0.79 Logip (Maan OVA)

Correlacisn Coeffisiant = 0.70

Seandard Daviation of che Escismare = 0.73

952 Confidance Inrerval for Inceccepe = {=5.127, =3.31)
931 Confidence Incerval for Slape - (0.70, 0.38)

Scala Bias Correciizp Factor = L.08

=201
Yalw - i - T §FEm

Equaticn for Predizred Maan Lina:
Maagn MM Lsak Rate = L.82 {:9'5}{::? §alffer zeadingl ~
Equation bhased oo tha fallewing leaat sguarcs egquatlons:
Logis (LEAR) = =5.27 + 0.79 logiy; (Mean TLV Szilfer readiog)
Correlacion Coeffisignc = Q.74

Standard Daviscisn of che Esci=ace = .48

9%% Confidemca Incecval for [oreccape = (=5.50, = &.3%3)

95I Comfidence Inmcarval for Slope = (0.71, 0.38}

Scalae Bias Correcrica Facter = 1.39

B = 283
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Er:_l:!:.-. ey

. Yalves = Liquid Service = OWA

Egquation for Predicced Maan "ina:
Maan WM Leak Race = 1.18 (107 (ovay?"%

Equacica Sased on the follewing least squares #quations:
Log:e (LEAR) = =4.71 + Q.54 Lagys (Haan CVA)
Corralacion Coafficlent = 0,355

Standard Deviasrion of the Estizace = .83

93> Comfidance Interval for Incercepe = (=5.08, =&.35)
95 Comfidenca Izterval for Slope = (0.44, 0.63)

Scala 3ias Correction Faccor = &.09

N o= 150

" Valves = "dsuid Sarvice = TLV Soiddes

Equaction for Predicced Masan Liza:

Maan ¥ Leak Rats = 1.0 (107“)(TLV Saiffer rmading)® 93
Equation bassd = che following lesat squares aquaclons:
Logis (LEAK) = =4.68 + 0.65 Logys (Hean TLV Sniffer readiag)
Correlation Coeffizisnc = 0,59

Stasndard Daviarisn of tha Escisace = (.81

95 Confidsnce Interval for Intercepet = (=3.03, =%.33)

555 Confidence Interval for Slope = (0,55, 0.73)

Scalas 3ias Corrwction Factor = 3.71

N = 305

The data usad to develop Chese equations are shown in Figures J-Il
through 3=16. Each of chess graphs shows the dacta and a ploc of the Tagres-
sioo squatiom wich boch wariables om a logarichmic scale.
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ihe squacions wvere used C0 develop graphs vhich relace che predicsed
isax Tafe o che scresnisg valoces for che vASLouS source and saTvice L¥oes,
Thase graphs are showm in Figures }-17 chzsugh 3-32. Zach figure gives zha
prediczed =ean leak vate as a funceion of che sermeuing values vigh aithar
the TLY Eniffer or QVA.

dloscy-five parcenc confidence incervals are showm on che graphs
far the pradiczed zean leak based on the giver scraening values. These
coniidence limits are for che =san leak cate and should ast e confusad with
cenfidence intervals for ladividual source laak rates for given sctessnin
¥alues. Tigures 3-3]1 chrough 3-38 graphizally descascrase :he 4iffecence
Pacieen thada two ovoea of zeafifanes focezvala.

Althougn aguationg wvers develszed 2o & logazizazic scale, zhe
=Ccé-lad relazismalizs are shown on A% ATicho#ti: dcala Far oaase s RdEinZ

and Locerpelazion.

Tha leg-log linear =odels describizg che lsak rate and scresnming
value relacionshiz for che TLV Saiffar vere zospared =2 zhose daveloged in
the refimary project (Refarezce 3, po. %3=55). Ta zocsace Che =odals iz z=a
log scale, c-tescs vars perfcrzed on the coefficiancs of che TLV Spidfar

socdels. It should be noted char this is only a zasc of che coaffizign=g af

the log scale =cdels and does oot comsider the Sizs cor-ectisn faccarTy far

transfor=ing =o the arithmeric scala,

ihe incercepC estizaces and the slope estisates for values in gas/
vapoT service are staciscically differenc ac che .05 level of signifizanca.
The slope astizazas in the =odels for liguid savvice valves ware alss faund
E2 ba scacistizally diffarent ac che 0.05 level of significance. However,
the intercept estimauces ware noco significancly differens. The coeffiziancs

for the pu=p ssals sodals were not found to Se differenc. Table 3=10 is a

- prasenzation of these various ==dals.
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. To cozmare the =odels ia the arich=ecic scale, plots wvare com=-

I scrocted for the thres secs of =zodels (Figure }=19 zhrough J=&l). The =cdels
. from the rafinery Jata 2an Be gesn £o predict higher emissions for 4 given

7 sereaning value in every casa. For wvalwes in gas service and pump seals the

£ coefidence regicms do =ot cverlap.
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3.7 Haintenance Su—mary

To aid in assessing the coscs of valve saincenancs, the tatal
tize {(in minutes) associated with mainCenznce wag recorded each ti=e thae
a series of valves was mainfairsd There wers a total of 14 tioesd in six
units wisited in vhich a plant & ,stenance crew of one to three people
(usually one) wenr out inm the .27" to =aintain valves for this study.
Table J=1] summarizes che rata’ Jime (=a3 hours) spant on each series of
valves. The maiitenance time va. ot Tsim 1,7 minutes par valve co 28.7
micuces per valve with an avszoge of 9.5 =minutes per valve (952 confidence
intarval for sverage: 8.5 to l0.. nlsches per walwe)., Figure 3-5I i3 a
histogrem showing the diacribucisn o] caleculsted mainténsnce Eimes for
the 172 scheduled paintenance attempt. swaminad im chis study, Thess
dara indicacted chat ten mioutes per valve would be a reascopable maintenancs

time to use in assessing costs of walve saintensoce.

Some conditiens sncsuntered in che field during this scudy
srevented atte=pls 2 maintenanmce. There were originally 169 walves
selecced for maincenance, with J valves oaintaiped Twice. Sevenceen
valves were not seintained due co the phvysical condicion or current service
of cthe valve (leaving 155 cases of aaintenance). However, because tise
was apEint examining or attempting maintenance, the seventesn valves ware
incloded in the cize escimates. Some of che conditions encountared were
tusty bolts on the packing glands, cracked packing glands, and missing
gland nuts, Maiotenance of valves in chese condicions was prevented
becauss of che fear of causing catastrophic failure by disturbing them.
Anocher probles encountered was the inabilicy to tighten packicg gland
bolts due to the fact that epoxy had been painted over chem. Finally,
there were some valves in very critical service, These valves wvere not

disturbed becasuse of the fear that tampering with them might cause disruption

af the process.
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TARLE 3=11. SIMOARY OF MAINTIMANCE TIME DAZA
Suzbar Tocal Tiss far Average MaisTeaance
Haiprenance of Maiocenance Tiza per Valve

Fmic Period AtEempLs (minutes) (minuses)
1 1l 13 A6 18.1
3 H.A.
i 1 g 0L 11.%
3 g (2)» 287 8.7
2 150
i €A
3 i - =& 5. 0
L Ly =3 8. 3
- 13 J.d
L 3 18 13 B.F
1 {230 Al 3.0
10 - {1)= A .3
3 1.3 17.3
3 L Jr L) 10 17.5
FJ o S i B 113 w, 0
] 1 BoogEj™ 70 .4
i 11 115 3.4
1 i
TOTAL Laghs 17w L1.538 5.5

#Talves verg 2of Eaimzai=mced.

s=logs not i=clude valves £

ar wnich

(H.A. = Ho inforzmation on ciza of malntenance availablel

El

s rime fafsrsaricn vas availabla.
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The acctivities incloeded in maincenance for this study were restricted

to tightening packing gland bolts to compress the packing material around
che valve stem and seat while the valve was im service. This aperaticn

is & simple on-line maintenance procedure, Iz many cases after the packing
gland bolts had been tighrened, the valve wvas opened and zlosed. IE was

chen screened again and further cighcening vas done, if necessary.

Wormally, maincenance on control valves was performed by an
instrument sechanic, and blaock valves were maintazined by pipe fittars.
There did not sppear to be significart differences in the time required

for maintenance between the two Types of valwves.

Ocher on-line maiptenmance procedures could have been used and
are currantly practiced in industrial plants. Alcthough some of these
othar =echods say be more time consuming, they have been descnstirated as
effective. Some valves have lubricated packing and are eguipped with
ficeings to inject lubricant into che packiog glamd while che valve is in
service., There are also valves equipped with backseating capabilities
which allow replacenent of the packing without dimantling the valve.
Also available are comsercial lesk sealing services which cam inject
sealanc intc a wvalve to seal the leak while che valve is in service.
Finelly, some process unmits have piping configurations which allow bypass
of isolarion of & wvalve for repacking vhile it is in place, even though

it 13 mot om=line.

FESR——




=
F

REFLRINCES

Razaovaky, L., Premcize=Hall, Iac.,

Blacksmith, J. R., G. E. Bazrria, and G. J. Langley. Frecusnev =2f Laak
Oeeurrwnce for Fizzings in Svarkeric Che=ics]l Planc
cg3s Unies: Dral:s Fl=mgl Rapersz, EPA Comczace Ya. 88=07-31T71-1,
Badliaxs Corjoraticn, Auscic, Texas. Augusc 13280,

Finmey, D. J., "On the Distribution of a Variace Whose lLogaricha ig
Sormally Diseribuced,” Journal of ehe Roval Scaciscical Sociazy,
Saries 3, 7 (19&1), L35=141.

Hood, A« Mo, T As Graybill, amd D, C. 3ces, Introduction £o the Theory
fcy, Thizd Edition, MeGraw=-Hill Book Cospany, Hew

York L3974,
Parzarson, R. L., "DHfficulties Imveolved in the Farimariss of a Popula=
tiss Meam Ueing Transforsed Sa=le Data: Tashmo=s==<:s 3, %¥a. 1,

(1366}, 233-317.

Aadign Corperacion, Data Lizeing far EPA Projact YWao. &E=3
ligkad technizal mora, Austin, Texad, Decezoer 1980.

Seazle, 5. A, 1 F+ dgis, Johz Sfley & Scos, Toc., New Yok, L3TL.
Werhatald., R. G. and 0. 3. Fosebrock, Smrviron=enral Assadncans of

A scheris Teiggions from Pacrolees Aadfdisesry, EPA %O, 800/2-40-
075a, MTIS PY 80-225-25], Radiam Cowjeracion, Aus=ia, Texas, 1584,

a3




AFPENDIN A

Ixperizencal PFroceduses




EPIRIMENTAL PROCEDURES

This seccion describes the exparissncal approach which was caken
£o iovescigacs che slfectiveness of oo=line maincenance 45 4 =aans of re=

ducing VOC emissions from valves in gas and lighr liguid services,

The selection of process umic types, the choice of individual
sources wichin process unics; the screening/sazpling =echodology, the
analytizal technigues, and the data-handliang serhods are all discussed in
this seeziom,

1.0 EXPERIMENTAL DESTCM

This sectiom includes a descripcion of the process =it selesriss
and the 2ethod ysed 20 select sources withio che w=miss. The sa=pling

schadule i3 alss presssecad.

1.1 Frocess Selecticn

The selaction of procersas far zescisg {5 chis projec: invelved &
conpromise beCvawn sampling afficiJncy and the degras to which the scudy
represanied the popularisn of che=ical processes. There are =ore chan 350
major high voluse crganic chemicals ia productiss axiibiting 3 widg arrav of
volazilicy, toxiczicy, corrosiveness, product walue, process severiszy,
produccion rata, and groweh rtate. Thers are Sarafizs o sampling a Large
variety and nusber of processas. A wide seleccicn of chezicals would Se
iavolved, equipsent =anufactured by & dubstantial arrsy of manufacrurers
would be represesced, snd 4 broad Tamge of processing patiserers (GTessuTe,
LESperatule, corTosivicy, #fc.) could be cesced. Obviously, howaver, che
scope af ceaving is limited by boch funding and tise. It is inefficient za
sanple af a large nusher of sires if only a shor: perdsd of cima zan he spent
4t sach leocatlon. A certain ssoumt of cize i reguired for ser=up and for

packing at sach location. JSome ctize i3 required for familiarization iz sach
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unic (plancr verk practices, safecy regulations, etc.). Addicicnally, a
reascnable nusber of sacples zust be sboained ac each lecacisa. The resulzs
from a very small sampls set may be statispcically dnsipgnificant. The choice
of six process wmits to be saspled Tepresanis 4 CORpTOnLisE ESOTE the =any

ipconsenant consideracions.

Sinca any single process unit can exh<hic unigue characieristics,
ir ig desizable to test several exa=ples of mach type of process. It vas,
therefare, dacided to test twe umirzs af sach process type. This Tesulzed
ia & sasplimg plan im which twe plants for each 2f cthres zhamical processes
wvars studied.

The chree process types srudised vere athvlens, cumene, and wizavl
acecate produccisn. Echylene was chodsen because ctyplzally chese units ace
large and widespread, oparaze with a wide rTange af process csndicioms, and
handle very volatile =aterials, Cusene was of interest because this oype of
umit (ome usisg the Teaction of benzene and proprlens) handles 4 hazardious
alr pellusame, benzene, Producziom of vinyl aceracs from the Teacticm @f
athylene smd aceric acid was chosen because scoe of the process streass

ATE corToEive.

1.2 Salacticn of Sourzes

The objectives of this srudy focusad on che effecr of roucine
pn=ling =ainrsnance == valve e=issions and the coccurvence and TecurTeEnce o3
laais fro= valves and pu=p seals. Valves and pu=p seals vere selegied Ioom

wach process unls oo study chese isscas,

Source seleczien relied heavily on a4 cooneurTent EFA projec:
(Raference 2} iz which all walve xnd puzp sources in the selected process
units wvers screened. Laaking souzces vers chen cagged. The cells of the
salaction matrix (Tibla A=l) vers f£illed by random salection Irom Chose

sources found in the screening study.
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The randow selecticn was jarfarsad By seleacting approxizately

twice 88 =any sources as were ultisately seeded for each cell., The field

erew than followed a salecticn protocol frem thase grzups of potenmzial

sources for testinmg. The procseol allowed for che alizination of thoss .
porantial sources which were desmad inaccessible Cor gampling or whic

could mot Sa found, Valves selected far zainzenance were pizked firsc fros
the groups of potential sources. Those soufles I0 b psed af CIOTTIIE waTe
pickad from those that vare lefr in the group. Lo sooe onits, there weTs

nor amough sources o fill cerzain cells, These insufficiencles were fof-
recond with additisnal sazplaes in other wmits. Tables A=1 rhrough A-8

sutline the su=har of sources pizked for each wmir. Table A=] su=sarizes

che sazpling =atrix for the #3Iiie Progris.

1.3 Sa=pliog Sehadule

The sa=pling schedule for the plamts in RIS PIOgTE= ix shown
{n Tabla A=5. Zecause of comstraints om rize and funding, soma of the
sscend and third vigits ware sharter than originally planned. In the ab-
breviared visgics, all seresning of valves and puzps in the screaning/sa=pling
=arrix was perforzed. However, some valve and pusp esission SeasuTeSenis
could not Be compleced during the shorzer wisizs. Sampling priovizies vare
glven to thosa maintaised valves which had =he highes origlmal scresalng
values., Thus, the reduced sampling effor: had & relacively small affec: oo
defining the long-terz effest of saiscenance o tonal =ass e=igsicn Taces
{or weighted pezzect greduccicn). There were, hovewaT, A szallar susher of
maasured emisgion rates for thae wvalves with lowaer screening values., As a
resulr the confidence intervals asscciaced with the recurrence rate anc
long ters effects of mainctenance are nof guiZe 4B RATTIV A8 they =ighT have

bgen wizk addiriopal Suss #ZISELONIS DEASUDESEDNCE.
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1.0 SCREENTNG METHODOLOGY

briaf dascriptions of ctha scrwening ffoceduges afd LAstousent

usad Iﬂuml Enid FESETAD aTe SrEIEnCcEE LN Shla asction.
2.1 Ias e i

Twa rypes of pensizive porcable hydrocarbon detécturs were uded to
scTaen sources In this program. Thene were che Jacharach TLV Smiffer and
the Cancury OVA=-108.

The Bacharach Instsumenc Company J-4 Model TLV Sniffec utilizes a
caralycic combustion defector Eo ceasure low concentratisns of fla=mablas
vapors, If can derec: hydrocarben comcencvationy as lew as 1.0 ppo. Thres
comceniration scales, 0=100 gs=, 0=-1.000 ppm=, amd O0=-10,000 7p=. ace Bulilt
inrs chis imscmue—ams. A dilucion probe was uded when zhe TLV readiags
exceadad 10,000 ppe. The proba allowed readings of up to LOQ,C000 ppm.  The
imstrusent mater displavs the resulr as jpp= hexane 5y voluse whan calibrated

wir haxame. It is battery pperated, self-contalned, compact and porcable.

Tha TLY Sniffgr was caliseamed daily wizh scandard =ixcures of
haxape in air. Twe scandards were used. Ome contalioed 00 ppev of haxanse
a=d the other ccatazned 2000 ppev of hezane. Detalls 3f the calibration

srocedurid Are gives 18 4 previsus Radiss mepors encitled TAssegscen: af

Af=gspheric Exissions from Petroleus Refini=g” (Refarenze 3.

The Century Sysce=s Corporacicn Portable Organic Vaper Analyzer
Model OVA=10E {s a parcable gas chrosacograph which usas & hvdroges [la=e
lemizasion datacior fo datec: hydrocathon comcenatsacisns frsa 1 owa 10,000
ppev. A dilurien probe allowed concencrations as high as 100,000 posv fo 3e

seasured (and, 15 so0e cases, a9 oo 1,000,000 ppe).

The alecszonics and dezactsr warw warmdd-up o7 ag least Ces
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minutes before callbvacfon. [he sample lines were chan checked for laaks

by placing & finger over the end of che probe and =zaking sure cthe flowmerer
on che froot panel chattered ar stopped. The OVA was calibraced sccording
to cha Llnstructions given fin ohe CVA-LCE Operacing and Service Mamual. The
instrument was calibraced wich mechane. The methane standard was a bote las
standard of BCOU ppev mechane in als. & Tedlar bag was fitted wich surgical
tublog, sarked, 4nd used excluosively for this gas szandard. Thiz Sag vas

flushed dalily and filled with the scamdasd bafore calibhracing.

2l Screening Proceduras

Screwning was done wizh a Cenzusy Svecess Corporatiom OVA-1CHE am=

a Bacharach TLV Saiffer. The walves were screened by cSraversing 150 deagrees

sround the zres sddl and the seam vherw the packing gland mecges wvich tha

ey

valve borpnef. The polnt of =maxizmum concemcracion wvas idenzifdigd. Tha OVa=-
108 wvas used bafeore the TLY o guickly ideatily the area of =axi=s
concantracicn Because oaf Lfza faster responde time. The samole Srones wae-s
placed as close =0 the =axizum lask a3 possible. The recorded scraening
valus wvas the highest reading obzained twlce during an incarval of abous one

aizute.

Tu=ps and co=pTeSSOTS VMCDE SETAAneE af Re Sotar dhafr seals S

somplecaly traversing J60 degrees with the OVA to locabe tha point of maxi=u=

-
conceatration. Occasionally & li-imech Taflom exzensizo was added o the OVA

srohg im s=dgr = @NrEsd ST LAfefy fETEEOA OF verlifal fu=pE.
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3.0 ] ing Yaghadalosv i

Sources ware sa=pled by che flow=chraugh oechod dessribed poeviauslwy
(Raferance 8%. ODual sa=mpling trains vers uied lo order 2o sample differanc
sources Si=ultanecusly orf o dilute zhe steady-dcate comcentratlon in e
srste= 0O aonexpiosion levels. Dilutlom was accomplished 5 oparating the
cwa tralzs i pazallael oo the sace leak ssurce. Twe ctrains in parallel pra-
duced a difuzion alr rate which was :wice a3 kigh a4 fould he shzafzed with

a2 single traim.

Nak

-1 Salve C=igajony

The saspling sracedw oe waad

L] The valve was screendad with rha OVA=I(08 a=md TLV Smifler

=d the values amd zTizme 2f Zay vere Tecorded

] Tha valve was cented with !"'..'.-.‘llrl' and duez zajy and sa=hled

(see Raferesacze E),

- The tem: was Te=oved and the valve was rascresaned as in
the first scep, abovae.

3.2 Fu=p Seal FEoiszions

Puzmp sampling was analogous to valwve sazpliang. Oue o che son-
figuracions of some pumpe, Lt was diffienlt to comstruct small and/or well-
sealed rancs arsund che ou=p seal. Some pursp seal (or sesl areas) sontinually
e=ic wacer, oil, or ocher seal Zflushing media. The Zenr =us: have an opeiing
to allow drainage of chis macerial. A large cent is ofcen tequired o reach
areas whare =he 4uc: tape can ceke an adeguate seal. Areas closer o Chae
seal =av be too hot or =ay Se wes with water or flush oil. In sope gases,
ic i3 si=ply moc safe co allew che Zenr =acerial £o be close o the rocating




1.3 Foiasion Calculations

The emission races can be calculated fre= the physical seasurements
recorded during the operation of the sa=mpling craia and wicth che analyses of
the hydrocarbon zoncent af che air passing through the sampling trainm. The
agic eguatisa is

k JT(?-&E]HECT-C i

1 A

L= {A=11)
S 0+T

vhare L = Erdrocazbon e=lsslon -acs, 1WA

p = 1.75xl079, 2 zomversiza comszan:
O = Dy gas zecer corcection faczor
F e Flow tate, CFH

f = Ashignt A—==FFPheris ZTLEFuTE, in. HE

§
L]

P Preasaure diffarancial Dacweern tmzlens presaurs apd
aredfyre at J£EY gas Jefer, I HE. ¥

¥ o= Average molecular weight of gas (nssencially air) passing
through dry a3 secer

Total bydrocarbon copcenrrazios in alr passizg through the

o
[

dry gas maCer, ppav
Total hydrocarbon concencracion ia air oear the =easured

[ |
L}

lagk source, ppow

T = Tespegatyre af gas {afrs] straa=s a érv pag =eter, "F

For exampla, assume a total hydrscarbon comcentracion of 19,000 ppow was
measured in the gas stream from & temt arcusnd a leaking sourze in an erhvleze
=iz, The bhrdrocashen weould be assuzed =2 ba hexame (MW-88). The fallou-

ing values wers Tecocded during zhe sassling

= 1.5 CFH4

= 25.9 in.Eg

®= 1.0 in.BEg fac zhe drv gas seter
15,000 ppmw

= 20 prawv

m TE'F

"li-ﬁi'r' E LT I
[ ]

102




and o= 3.%%

- a8 . 35,97
Fhen "o . 0° - igggs -7

L] 4%

The azispsiss sace L L9 chen calculaced fzem Squatizm (A-L)

o X2.7% ;_tﬁ_i\fﬂqib}{l.ijfiﬂ-ﬂ = 2. 03029, 37 (£9 200 - 2147
&ad = 7§

3.5 Specied Foissions

Soma organic species sampled were fsuad to gquizkly degenesrate
through deco=hodicion or reactliin iz che sashle bagi. 0 Eloi-dsg ghisg Je=
gradation, samples wara caken in 1 =l Teflond tubes wizh inets valves om
each wnd. The sample gasd was caken fram the saspling zzadn, Yur as clese as
passible to the tant. Tefloo® fictings vers used throughout fo aveid degrada-
rion. Af fzarr valwve wich Loav=-Llak fizsings was placed iz the jasplimg :rTais
1ine and used a8 che sample point., The L 3l Teflead rubes were flushed wizh
200 al of sample Lrom this point using a gas-tlght syringe. They vere then
closad =0 crap thae gas sa=ple, resmeve, and analvoed om cthe gas chromacogragh
withis three =ioutas. This prfocedore wad found o “educe sacole dagracacisno

to a nagligitle level.
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£.0 Valwe Maintgnance Procedures

Valve zaincenance consiarved of cightening packing glands whila
monlcoring cha leak. The ters "dicected =alncenance” refars to chis pro-
cadure when a hydrocarhbon detector i5 used dusing the maintenance accivicy,
The leak {3 —onicored wich the fmsrsusenr uacil mo furthe: redussiss af
screeniag values ls chserved or unzil the wvalve stes rocacion scarcs to be
restricced. The type of zalpcenance parsonnel pesforming the repairs dependad
upon the Type of valves that were 1o %e zaintained. Contrsl valves faguized

imstTusenc peTdconel experienced with the process unir and with the precau-

Tiomd Aecedsary o safely zalocals gperationms while cepairing comizal walves.
| Block valves wars saincained by regular maintenance peraconel sush as pipe-

fitters or bSollarmakers.

he zaintenance procedures generally gonsisced of fi=st scrmeniog
Ehe wvalve with che OVA=IOE and recording the value, The packing glapd nunz
werte Thez tlightened a llicle ac a 7ize vhile momitosing che leak wish cha
OVA. Tightening was continued to the poiat of sither minisiziog che leak,
CEURINE Thé ITéE Sovement Lo £ighcen or grab, sr meachilag the borzonm of che
facking bolts. The walve was chen apazated, Lf podfsible, md rescreened.
1f che leak rezained or worsened, the packing was further tighcened uacil

the lizirs degcribed were Tesched.

Carzain valves could not be zaincpined dus ©o thatr Iscarioms in
the process stresm. These ware in erisical locaciems whare szicking, ‘acming,
at breakizg of the wvalve =ighs precipizace a upiz shutlown. This securTed

with cwe valws {n the 3ix process unics.
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5.0 SATA COLLECTI :

Daca wate collecced and secorded 23 previsusly peepaced daca
fheats. This facilitated the easy cramaier of iaformaticn in a conciaa
forzac. The types and scurces of iafarmaction ocbialned Lm this scudy are

igcussed salow.

L

-4 Dats Sourzes

Data sources for thip projeecr *saefdaced af dirges chgervazipmg
b¥ Radlan Tilsld perscomnel, verbhal and wricten izput from plams sersscoel,
and inpur from pracess flow diagrass and pipiag and inscrumenctarisn diagrass
fupplied b¥ plant personoel.
J:2 Daza Callec=2an and Recordiog

Procass umis sources wars scteensd and the 2353 wWere Tasocsmac

en the Soreeniog Data Torm (Figure A-1). The Radian scoeeniag teaos Sraced
pProcess 1ises &nd cr=pared plant lines wizh these =0 flow Ziagra=as. Te=meza-
Tures, pressurds, and primary and sacoadasy sfreds composicicns weTa geoezally
supplied 5v plame personnel. The Screeping Daca form was ceused far the
screening of the sources £ Soth che sasple and aonleaking source =acrices
ar sach unic wigle during the sassldsg shase of the progras. Eaeh pzoeas
co=ponens i evesy slimr wis aselzmed 3 sode.  ThRis was Tecamded gf the

sacarials coding sheec (Figure A=Z) for #ach srocess unic.

Sampling dard vere cozpiled eon thres forms: rthe Screening
Daca Sheer (Figure A=3), the Saopling Dama Shesr (Tigure A=w]. angd cha

Analysis Daca Shmas (Flgure a=3).

Valve mainiengnoe pracedured vere recorded oo che valve

-
a

saintenance Jata IzT= igure A=5). Haguired maizzemance was TensrTed ad

the nuzber of turas for each nut oo the packisg gland compression place =olss.
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For che VOC leak scurces i che sazmpling =acrix, additiona]
inforzation vas obrained and Tecorded oo the process scrasm daea form (Fig=
ure A=7) and che walve and Pump cata forms (Figures A=3 and 4=97. Thess
forza vere completed by boch Radisn and plenr parysosel.

Datly calibrations of the TLV Sniffer and OVA were recorded an
the calibraction data fors (Flgure A=10) while repeat screening velues wers
recorded on the form shown in Figure A-1L1. The repeat scTeenlng valuas ara
those scresning values ohgerved in Tubsequent screeaing of the game source

by che same cperaror,
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6.0 ANALYTICAL TECEMIQUES

Two diffarent analyeical sechodologles were used ©o guantitace VOO
g=issicns in the thres Typas of process umits studled in tols progriz. Taccl
hydrocarhen analyses wvere performed om che amissicn screams in the aechylene
gnd cupeneé units. This was sarisfaczory because hydrocarbons are nearly
exclusively preseéar in the process streams of chese “Wa CYpas of gnits. The
responde af che flame fomizacion detector (FID) te these tompounds o3 quicte
similar. Thus, an imstrusent such as the Byron Tetal Hvdrocarbom Amalyzer
(THC) =an be calibrared with a single representative hydrocarson. The #=28-
fiom screi=s can then Se amalyzed for the zecal hydrocacion comoans with

TRAFCRable ACZuUTICY.

Howegver, the arganic cocponencs of che screazms in che vinyl AceTACe
process umiz do produce widely differing resgonses wich an rill. Thus, & zoze
coeprabansive analysis co fdencify individual coapomants Suat he performed.
The gas chrosatograph ousc be gallbrated wich che individual =ajor componestcs

presens in the scraams.

6.1 Orgamic Speciiud

Sgzause =f rhe wide varfarion of responses by weight to Flaze
Ionizatisn Oecection (FIO) of che organic Lomponencs encouacared in zhe
winyl acetate uni: process streass, analyses g gha VOO sazsles wars conducted
an & BF 57304 Dual FID Cas Chromarsgeaph (CC). Iadividual compoméncs =are
saparated and guanziffied. [Dual gas sacples ware Introduced gizulcanegusliy
anto saparice coluzns wich a Vales 10 pors Hascalley © Multipeinc Valve
ingralled i=medfavely forward of che GO syringe injectisn ports. Lasgenenc

peak iccegracions were compllad om two BF 1380 A Slectronic inzegrators,

The parazecerss and cheir values used during che gas chromacagraphis

snalysis of ezissions foom the winyl acetafe ullis were:
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Parspak § in 8" % .15 fmch 0.D. I == I.D. glass columns.
g

Temperature = L70°C Isccher=al,

Flow rate of M: szarzier = 30 =l/=d=,

- a & &

fum tize = 10=15 mimutes.

Excellent peak resoiucion was achieved for echylene, acecaldehyde,

msthyl aceraza, vinyl acetate, echyl sgecate and acazls acid.

The GO FIDE wers salibrated co scandards daflvy, and because of che
pumsgr of standards involved, were gengrally limired o single pelar zali~
braticns. Conceancracicns =f che fsrandard gasas for che viayl acecacs unics

Tl The &

Pesmearion Tube Cvlindat

L Ezhylens - 114,700 ppow

o 10.200 pp=
- Acecaldefyde = 1000 ppm= 7.BT0 ppmi
» Haghyl Acerata - L300 apEw 5,300 ppes
L] Viayl Acetace = 1000 ppome —
- Zehyl Acerzca = 1500 pp=w 30,000 ppom
L Acecic Acid = 1400 pp=4 —

Calisracicn scandards, except echylene, were Lnfrially genecared
for all the ma‘sr cozponents of che process VOO sa=ples by zeans of a
Maprapnles 230X Permearion Oven maincained ac L00°C for all standards. Orv
picrogen carrier flow was kepr im the 50=100 =bt/=ia Tapge. The per=eation
aven tock up to several hours to re-sscablish equilibrius for che permeacion
grandards when interrupred by changing flow races, loss af cesmperature, ar
logs of oven chamber pressure whan changing permeacion tubes. Consaguencly,
cylindar tank standards ware used £o corzoborate and replace permeation

geandards whemever possible.
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Two gas standards wers alvays generated frcm the per=eacion owven
due to grear adsorpoicn when axpesed to secal suriages. Thus, compesiiions
af standard gasas stored Lo meral eyvlinders were oor reliasle. The tue

gases whizh were fouad 12 adsorh wers yimyw! goecate and dcetlc acid.

acetic acid standards from permeacion tubes gave Teproducible
incegracer nugnt:]
Fip e
rare declined at a rapid rate after che first day or two usage af wiavl

values of the Tazis [ . Howvewer, Che ratia for winyl ace=

acetace persmation tube. This deciine was apparescly due to the chezaiczal's
solvmerization £a che parsection tube AT owen [ecperatules. daspice the ases=
gnce of Bvdrpguinone Lmkibizor. The awvatlakle parzeatico dusface Arad chus

decreased wir% increasing polvzmer gel focmaticom,  Thas propesty led o the
Stnants |

pR=w |
cumvencad v relating thMe maximus perTesrIon ratd Teasursd UYIDR saveral new

sceady reduciisn =f respomae faccar values [ ihis problen was z2ir=
vinyl acecars tubas to the acecie acld fube pefTeation Tace. Viayl acetaze
responses were then detarmined by cRasuTing che aceilc acid Tesponse and
applying relacive response TAGIgs oo fhe acerlis a23c f D cesszonse for shat

e

davy. This can be seen more clearly in Eguation a~2, Helosw. The eczhivlen

arandard FID tesponse faccar was wsed for corroboraiisa.

| Vi ad 3
— - —— e [ 4= T ]
ha C "
wa ) i
dar K 1/ dav o dav &
“aa
-

aa fdav n

whara: I?' = {pnregracor councs fot wimyl asetate of comeantration Ev‘

1 = imcegrator counts far acecic acid sf cemcentracion .

C = gomcentracion af acecic acld, ppom

G = sanesanzracion of wiawl acezace. ppmu
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day n = reference day of analysis uhan vinvl acefacs permeation

rubay wvers oaw

day % = days on which subsequent calibratisas are desiced

Cas emissicn samplas ip the wisyl acerate unic are taken in small
Taflon® tubes. Thasa tubes are 0.125 0D, and capped ac sach end with Hamiloen

mipi=inarc twe way valves., The tubes ware prepared by flushing them with
standard gases for two to five ziputes. Then they were plazed on che =uwlci-
porc gas sasmpliag walve on the inler of the GC and the contents flushed ot
£4frapn seconds onto the GO colums. The cubes wese then {lushed with car-
sigr gas far approximacely 30-60 minutes. The tubes vere ready for use o

the sampling Srais o zatch emfsziasn samples.

When rhe tubes wera fillad wich samples, they were placed om the
pulripaorz gas sazpling valve and che comtencs Ilushed fap fifteen secohds
ants the GC calu=ms, Analvses af VOC species sesurred wichin chree =inuces

af eha cizms the sacples ware taken.
A =sasure of che accuracy of this sampling/analwsis =zechod can be

Sapmd {p the resplcs of emissisn measurement accuracy checks made wich echyl

acerars. The recovery of athyl acecace tanged from 95 o LiJ percent.

G2 Toeal BEvdrocarboms

Bacausa of che exclusive presence of hvdrocarboms im che ethylene
and cusene process unics, prisary analysis of chese fugicive volatila
grganic carbens (VOCa) was undertaken sz a Byrom JOIC Tocal Hvdoocatbena
Analyzer (THC). Principles of aperaciom and specifics to chis parzicular
applicarion can be found alsevhers {feference £3. Beacausa of an upper lizmit
af 20,000 ppmv for quenticacisn gf t*he VOC sasples oo this imsrrument. dilu=

tions of the relevanr samples wers mada wich a 1.5 licer gas-tight s¥yTinge.

121




spphane calibracions were carrigd gpuc dally on cha THC with anm

2000 pp=v sechane/air cank standard. NHommerhana hydracarben calibracicas

wers alse carried out dally om the THC wich a 2008 ppmv hexzafe/slr standard.
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DATA HANDLING

Dat: wars caken and recsrded gn specially preparad daca shedcs
s2d hapdearTied o the data sanageoent T@a=, Tneaasistencles wese radalved

and che datd keypunched md eozered inmto the computerized cata baFe.

1.0 FIELD PROCEDURES

Dara were =akan and values recorded ditecbly anss bound netebadkd
comraiming dara sheezs. Separate aotebocks =T screeniag. sampling ane

analytical paraceiars wers ssad,

tafarmaticn daza sheers for pu—ps and valves ware uséc I collmst
shvsical and higrarical dara, These warg suboiffad S0 sha agmpany fOOTdCS

and subsequently returned Eo fadian.

Bgv daca ware always handcarriad from tha fleld 12 Auseisn amd
mresanted E£o the data SAnagesment Ttea=. AT That Eiza, an atoampr Was Sadd
tg Fill in any =issing daza and to resclve any apparent inconsisramcies.
Thig was acspmplished in 2 meering between data 245 Samagecsenc petiannal

and & mesher af the fisld crew.

1.0 DATA EDITING AND FEYFUNCHING

Data shascs received from the fleld wars logged imro a daca log
shaet, Thes the dara were Zanually edifec in ordes o elisinara chvidud
sigcakes and imcomstsrencies. The edized daca were keypunched amd key-
variiisd.

1.0 DATA FASE MAMACTMENT

Progra=s using the 3AS sofrvare systes WaTe developad esatly in

the projecs o Lopue and nerfarz 4 second edic on the daca. Coiversal o.d.3

124




wgre uwseaz i sach 4ata set 83 chas coSplece cosss=velavencinmg Was jossidle.
Teowards thi and 2f che projecs, all che fata were orgasized 1loER a4 SRScangu-
Larly scructured disk file., Each fize a soulle was screened, Sampleds oT
mpinrained 4 record was added mo the Jile. 11 disk rwgprds were WTiizZen

to magretic tape on a4 weekly basis o back-up the data files.

Whan field resring was gocpleted and all daca had been fmeluded
in the disk ¥iles, compuser Lisciags of all daca were prepaTed. These
ligrings weye audired bv zomparison o Ehe ariginal field daca sheets and
laberamsey notabooks. [1 imcomsiscencies were carraczed. The wvalidatad

gata base wad rches used for data summaTies and stasisoizal analysis.
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1.0 OVERNTEW OF QUALITY CONTROL PROCZILRES

Comprehensive guallty canr=ol was ssphasized throughout the progras.
All phasas of the sampling and analysis effsrt from gxperimental design oo
dats reduction imcluded specific gualicy camtwTol ceocedurds. LhnETE WEre WO

=ajor shjectives of the gualizy concral effart:

- en ddencify proble=s as they geeurred im the
field, and
¥ g mppsure and documen? SEQUTTIONG Lavels of

accuracy and precisicn of all zeasuTemenis,

Quality comtrol guidelines wers dgveloped to be Both cosT ef faccive and
adequace to ilosupe c=pdinla data. The qualicy contTel progras far the

sampling and amalysis accivicies facluded tha following elazants!

. farmacced data collection forms far direct

keypunching af daca recorded in che flald,

. saspling acd subsaquent amalvais of standard gas

=iztures,

. daily calibracicn zhecks of the gereaning
devices,
] daily tescing of screening devices oo Che sace

source, and

- replizate sazple analysis and blind szamdazd

acalrais in chae laboratasy-

Lxr



Using the above objectives and activizy guidelinmes as a basis,
rhis Appendix presents the various Cypes of gqualizy zontrol data collected
Tabla C-1 sumsarizes the accuracy and precision of the

during the prograz.
The Quality Cancrsl

sumpling and analysis procedures used ln TAls ProgTam.

results are presenzed in this appendixz as followa:

Cecrian 2.0 = Quality Comzrel for Scresning Devices
sgccion 3.0 - Qualiry Concrol for Saspling and Amalytical

Procedures
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=\BLE C-1. SIMHAREY OF ACCURACY AND PRECISION OF

SAMPLING AND AMALYSIS TICHWIQUES

Accuracy

Repeacabilicy

Percant =f Vaslatlionm
in Daca Actribucable
o HaARUTeD@enET

Aceurasy
Apnatysls

Sazpling and
Analysis

Sepearablilizy

Camplinmg and
Analwysis

Zcregning Devices

30 percent of calibracicon chacks wers withia = I0
perceps of zhe standard; mo drifzs aor hizses wmre
potead im any of che inatTumentcs {aam Sectfan 1.1)

seraening value far a glven souztd with an average
se=sening value of x can be expacced to vary fre=
£/5.6 £o 5.6x within a short tize pervicd (see
Saction I.1)

About 18 perzenc of cthe wariazility ia che sCTEEO=
ing values from che selegted §ources wich salciple
readings can be azzributed to che screening devizes.
usrs than 50 percemc of che variation is atbtribucable
»n diffprances herween che spurces (see Section I.3)

51=Eli¢ngnilvsis

the average percent differance fresm standarzds for
she two analytical syscems used is 7.4 percen:t,

indicating a slight pesizive blas im Zae analiysis

{sae Seecism 1.1).

average Tecovery far che gon-baenzece scancards Wad
102 parcenc, izdicating =o blises is the Iatal
sacpling/analysis syscem {gee Sectionm 3.1).

The henzepe =hacks do oot impact the daca in Che
reporl.

The szandazd deviatlen from repear saszples fTooD Dhe
same asurce was 1] pargent, whnile che waciabilizcy an
the standard checks was 16 percest ([see Sactlons

1.3 amd 3.3%. The differance 1s actribucable T3
ghorc-ters variacions im the aceual leak rare and/of
warigtions ip process conditlons.
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2.0 QUALITY CONTROL FOR SCRETNING PROCESUAE

The screening of sourges was accomplished wirh gix diffarant
rrumpars An yse af various times Lo T pTOgTAD. These iocluded five
Century Inscrument Compamy Organic Vapor Analyzers (Model OVA-103) and cne

J. W. Bacharach Imstrumeac Campaoy "LV Sniffer. The =arresponding lastzu=-

sent idencification numbers are given balow:

Device Sarial Agaignad
Tvoe Husber ID Mushar
OV A 1158 L
OvA 1573 ]
ova 213% 3
oVA 2848 &
=y TESALY
ava 2154

Two quality assurance garivizigs ware psed for cthe scTeasniog

devices:

L] calibration checks, and
] repeatad scTeenlBgE.
2.1 Calibracion Checks

The OVA and TLV I{nstrumencs Were calibrated each day. Standards
af 490-400 ppmv and 2970-8000 ppav ssthane in air were usad to obrain a
rwo point calibration each day oo the Ova: 200-300 pp=v and 1990-1000 ppev
hexans in air wers used £o calibrace the TLV. Before 4 recalibration was
mada sach day, the values obtaiped from Che Instrument WeTe recarded. This
saTved TWo purpoIes:
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. a check for iascrument damage oT =alfunctisn, and

» daeumentation of the stabiliry of the daily calibratien.

tm addiTism go the lew and high scandard caligrasicas, & gilutian
arobe wis occasionally sccached £o the instrusent and asother Teading was
taken. The probe was se: ac 10:1 or 100:1 diluziza gf nhe nigh scandard

conceatrarion-

Figures C-1 chrough ©-18 are che plots fov the varions zalilratiso
readings. They are plotzed accarcing T3 Lnstoumentc and than by low. RIgR
and dilured scandards. The aymbals used ro indizace she differens screenling

saluas a=e the iascruzent ID numbers.

Hagt of =he 4ifferesces found wers less CRan 10 aerzens af the
koown concentracdion, with a few Dertwesn 20-30 parcent. Nene of the deviced
gave any indication aof a comsistent biss (or drifr) at eizher che RIgh or
low level. Based on this findiag, it is coacluded Ehac the daily calibra-
tisn of the screeming devices at Tva lavels using scandard gases waF adeguale

far pbeaining copsidrenc, unbiased readiags.

2.1 EEE*"'d Sgre=aiags

The repeacabilicy of che sereeniag devices and che wamiabiliey af
screening values from che same source over tiza Wertd imvrascigated by the
performance of sulciple screenings oo the saze source by Che sace opeTALIT
gach day that testing vas done In a ynie. These repeacsd screenings are

Ful in agsessing:

. repearability of screening SeaSUTEmEncs (diffgrence barwean
multiple readings on che sise spurce within a shaut time

perisd, i.e., less than five ginuecea); and

» wariabilicy in screening values from a pastlgular scurce
owver tize,
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A cocal of fourcesn valves wvarte screaned Sulciple cises duting
the program. Placs of the repeated screening values for twelve walves
with sors than five screezing v“alues are shown in Figures C-19 chrough C-30.
Fach figuzw tepreaencs 4 separite valwe, Sereenisg weluves aze ploTmed
againce che Julian dacte of sereening., Thae sysbols wled to ipdicate zhe
diffarenc screening values are the instiu=ent 1D nuzbers. The legazicho
scale ix used on all plocs for ease of comparisen.

To qumma=ize the variatlion In scresalng values ocbsarved from thaese
salected sources, a staciscical analysis of varisnece was dene. The analvsls
of vardismes procedurs earimares variancs components whish shows the comtribu-
tion to the waristion Iio the screening =essurscencs. Table O=I su=—arizes
this variszce snalysis. Abouc LA parzeac of che rozal variatica iz zhae
seradning valuss i3 arzriduzable eo the replicate Peadisags sbealsed a4t thae
sams cime, The 30 percent of che variaction atoributable to the Siffecenc
valves shows that the screeming device i3 capable 2f differenziating valvae

leaks, avez afzer a paricd of fize.

The wvariatiom iz replicace screenings can be uwsed <o defins the
repeatabilicy of the screening =sasurezenc. The 0.1&1 log (pp=)® variance
commonent far