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SECTION 1

INTRODUCTION

The Bay Area Air Quality Hanagesent Discrice (BAAQMD} in California has
proposed regulations for the monitoring and comtrol of hydrocarbon emissions
from valves in perroleum rafinery gervice. In an effort to provide & large
dara hase co guide the formulacinn of these regulations, a4 valve screening
study was proposed to measure valve leakage. Six petroleum companies with
rafineries in tha San Francisce Bay Arca engaged Radlan o conduct and/et
mopiter valve screening scudies in each of their six refineries.

The fiald rescing portion for rhis study was conducted batween Octobar
16 and December 31, 1978. Radian performed quality comtrol assessEEnts At
all six refineries, and conducted valve screening pEograms ac Lwo of cheaa
refinerias. Four of the rafineries screened valves using their ocwm Or OtheT
conkractor personoel.

This roport su=marizes the results of the valve screening scudy in the
Bay Azea. The atatiscical discributien of the data is presenced for valves
in process service for hydrocarbons with Reld vapor pressures above 1.33 psl.
Usga emission races have been astimated for each valve with a scresning
walua above 3000 ppev velatils organic compounds (VOC). BAAGHD requires,
in Regulation 10, measurement and reporting of VOC concentrations Freacert
than 3000 p?uv expressad as mechane saasured by a hydrocarben detection
{nserument.® The distributico of mass emissicn rates is also preseacad.

Alse ipcluded in this Teport are descriptions of the rasting procedures,
as well as discussions of goreening value oscillations, quality control
procedures, and all facecs of the scudy which may be valuable in defining

appropriate regulacioms.

‘pless otherwisa specified, all VOO concentrations in chis document
are expressed as mathane.




SECTION 2

SUMMARY AND CONCLUSIOHS

2.1 SUMMARY

A total of 215,980 walves ware screened during the course of this study. :
The maximum net screening value was recorded if it was squal to of greater |
rhan 000 ppmv. NeL SCrEEning walue was defined as the maxizmum VOC concen— '
rration obsarved ac one centimecer from che sourca. 0Of che 25,960 valves '
sereened, 23,030 were found suirable for stacistical analysis and pmission
rate estimacions.

Eatimares of nass emisslon rates from valves with screening values
gqual to or greater than 3000 ppm were =ade by applying screeaning value/
—ass emission correlacions developed by Radiam.

The data collected in the quallty conktrol phase of the study indicace
that valve screening values arz extremply varinble. Analysis of the gualirty
control surveys made at each refinery showed that the original and guality
control screening teazs found approximately the same frequeacy of screening
valugs equal to or Zreater than 3000 ppm (7.8 percent and 8.5 percent). The
average overall screening values were also appreximately equal, but latge
variations in individual valve gereening values were abserved. Approximately
rwenty valves were scresned mmerous rimes during the stwdy. Anal;sis of
this historical screening daca showed that large oscillations may OCCuE
rapidly. Even the =08t stable readings observed showed substantial
variations.

2.2 CONCLUSIONS

1} The extresa variabilicy of screening values indicates chat random
spot checking of jpdividual valves would ha an unreliable machod
for derermining compliance with a valve screening and malntenanca

regulacion. (See Figures 5-8, 5-0 and 5-10.)

7% Approximately A5 percent of the mass exissions identified are
contributed by valves with screening values equal to or greatér
than 10,000 ppe (4% of all valves scraened). (See Figures 3-11

and 5=13.} .

3} Screening values gqual to o greater than 1000 ppm were observed
for 7% of all valves gereaned. (Ses Flgure 5-13.}

4} The escimated mass gmisaion rate from goreensd valvas wich
copcentrations graater than 1000 ppe is 220 1hs/hr. The mass
emisaion rate from gereened walwves with concentrations greatar
than 10,000 ppa is 130 Ihs/hr. (See Figure 5-11.}
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SECTION 3

TEST PROCEDURES

The aguipment and procedures used for screening valves ace deseribed in
thig geccion. Equipment operaticn and calibration procedures and wvalve
screening techniques were discussed with representacives from each refinery
before ficld sampling operations were begun, in order to mini=lze any
differences in data collection nethods. OQuality control checks were mada at
each refinery in order to assess any varlances in data collection.

3.1 EQUIFMENRT

The Century Systems "OVA=108" organic vapox analyzer was usad for
screening most of the valves. The 7. W. Bacharach "TLV Sniffer" was used
for scresaing the remainder of the valva population. The ovA=108 has a selfi-
contained, portable Elama ilcnization datector and sampling pump. A recharge-
able battery and tefillable hydrogen tank provide for a minimm of B hours
of contimuous operation. The sampled air is continually drawm inco Che
{nsrriment using an internal vaculu= pump. The detector output is read on a
hand-held logarithmic merer scales whieh is graduated from 1 to 10,000 ppev.
Hydrocarbon concentratioms greater than 10,000 ppmv can be measuzed by uding
a diluciom probe tip which mixes charcoal scrubbed ambient air with the
sample. The diluricn factor obeained can be adjusted for calibration within
a range of 5:1 co 50:1. The dilution factor was set ac 10:1, resuleing in a
moximm measurabla concentraticm of 100,000 ppmv. Activared charceal filter
glements were used to separate mechane and ethane from heavier hydrocarbons,
in order to detect only tha concentration of methane and ethans at the
sample point.

The J. W. Bacharach "ILV gniffer" portable hydrocarbon detector uses a
cherzal conductivicy detacfor Lo dararmine hydrocarbon concentracioms. A
rechargeable batcery pack provides power for the internal ballows pump which
drawe the sample through the detector chamber. The bactery will oparate up
rs 8 hours bafore recharging is necessaty. The deteccor element catalycically
meidizes the hydrocarbon in the sample In order to determine the heat of
combustion, which is displayed on a linear scale meter as an équivalent
concentration, expressed as ppev. A disadvantage of this instnment i3 that
it responds to hydregen in the sa=mple.
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Hvdrocarbon concentracions graater than 10,000 ppav can b measured by using
a dilurfon probe which mixes asbient air with the sample. The dilution
facror is set ar 10:1, resulting in a maximum =easurable concentration of
100,000 ppev. Minor adjustments of the dilution factar can be made if
necessary. Although che TLV Sniffer does not have an activated :hurr.pq].
£ilear for separacing methane and achane from heavier hyvdrocarbons, the
charcoal filrer used with the OVA=108 could also be used wich che TLV
gniffar, wich minor modifications. Mo measurements were made by using a
charcoal filter wirh the TLV Sniffer.

3.2 SAMPLING PROCEDURES

The BAAQMD Regulation 10 requires reporting of all VOC concentraticns
>3000 ppm as methane within one centizmeter of the source. All instruments
used in collecting the data in this study were calibrated to methane as
deserited in Sectiom 3.3. There are two places vhere hydrocarbons can leak
from =ost walves. These are at the Interface between the walve stem and
packing gland and berween the packing gland and valve body. Each valve
screened was checked by making a traverse around the stem and packing gland
ar a distance of one centimerer. This distance wos measured by acraching
8 rigid wire to the énd of cha prota tip with one centimerer of wire
prodacting bevond ehe eip.  The probe Clp was sosicionad ac 1 om when i
wire contacted che source. In cases where che valve body or other obstruc-—
ciong were in close proximity to che scem or gland of the valve, the wire
projeccion was used as a visual reference guide for positioning rhe probe
tip. The point of maxi=mum hydrocarbon concentration was determined by moving
the probe tip around the stem or gland slowly in order to allew for response
rime of the puop and detector. Once the point of maximum concentraticn was
located, the probe rip was held in that positicn until a "srable =aximm
reading” was determined. Due to the variabilicy of rhe leak and wind velocity,
& stable maximu= was oot necessarily a non=varying reading on the detector
meter. The srable maximmsm reading was defined as the maxioum reading which
was repeatably observed at that position. Therefore, momentarily high
readings were not recorded as the maxisoum unless the reading was cbserved
=5 times in 30-60 seconds.

All wvalves that were included in this scudy were cransporcing hydrocarbon
with 21.55 psi Reld Vapor Pressure, as decermined by the refinery process
engineers. If methane andfor ethane were present in the process fluid, the
aharepal scrubber was used to detersine the maoxisum C31/0: conceantration.

tion and che difference was recorded as che saxisum nec sereening copncentcra-

“tion. The BAAJMD rule excludes any valves which are insccessible. 3AAMD

has not presently prepared procedures for determining "accessibilicy, so

each refinery screeped valves they belleved reasonably accessible. In cases
wiere there was not sufficlent cime available to screen every valve to which
the rule applies, a random selection technique was used. This provided for

8 proper distributicn of types of valves and services included in the data
base.




[n addibion to the sampling describead above, Radian sampling ceams
also obtained data which was used to develop correlations between che TLY
and OVA detecrors at varying distances from the source of leakage, Thess
correlations were necessary in order to relate the screening values recorded
in this study to =ass emission rates. The correlation berween mass emission
rates and TLV Sniffer concentrations vas developed by Badian as part of a
contract with EPA. This 1s described in Seccion &.2.

1.3 QUALITY CONTROL PROCEDURES

Procedures used to insura the guality af the data colleccad in this study
are described in this secclon. Thesa procedures included insCrument cali=
hreation, decerzinacion of scresning ropeacabilicy, and replicate screening
w Radian gquallty control EEAME.

Each instrument (OVA or TLV) was calibrated twice daily, once before
beginning screening and once at the and of the day's activities. Mechane in
air mixtures were obtained from specialty gas suppliers in three concentra=
tion ranges: 2300 ppmv, 3,000 ppov, and 75 000 ppmv. The instruments wera
calibrated according to procedures outifned in the manufacturers’ lnstruction
maneals. The iastruments were sal at the 3,000 ppmn level and che lineacicy
of response was checkad at che 300 ppm level. The 15,000 ppr gas was used
co sec che dilution factor 4t 10:1 for the diluzion proba tip. The dilution
probe calibration was checked and resec aach cime ehe dilucion alr scrubbar
charcoal was changed, approximacely every 2-3 days. All calibrarion daca
was recorded in a gquality comtrol log book. 1t was ilas necessary to check
various fitrings in the sample collaceing system to pravent amy leakage which
would dilure che sazple.

in order to assess the variabhility of screening values, several valves
vere screened daily ac each refinery. The maxizum net serpaning value Was
—aasured and recorded for sach valve. The results of chis daily screening

are presented in Saction 5.2,

In order to assess any variances in calibration procedure oF seraening
technique, a replicate screening quality control prograsa was condocted. A
Radian sampling team cenducted che replicace screening progra=. This con=
gigcad of screening valves which had been TecEntly gereened by the saompling
team at each refinery. An analysis of the resulcs of rhis replicate screening

is presented in Sectlon 3.2.




SECTION &

DATA PROCESSING AND INTERPRETATION

4.1 DATA COLLECTION AND HANDLING

Each seroening temm recorded the mmber of valves checkad and the
—aximum ner screening concentrations 1f greater ghan or equal to 3000 ppa.
This daca was compiled from all refineries and vas sent to Radian Corperation
on magnecic tape. The data racoived consisced of maximum nec screaning
values and a code bto indicate whether the data was raken using tha TLV ar
OvA. Winetwen additiopal net screening values were added eo che daca base
ar Badiap, These values had been fnadvertantly onicted from the magnetic
cape, and the pumerical valuss were sent by mail to Radian. The data wers
loaded inte a computer f£ile and rhen tested for acceptable screening values.
The submitced data included seventesn values lass tham 3000 ppm. Twe high
values wera found, one at 150,001 and the other at 976,000. The low values
ware eliminated from analysis and considered as "less chan 3000 ppa.” The
high values wera discarded and rha toral valve count was decreased by two.

The data were next adjusced so chat all sereening values wers on an
equivalent basis (equivalent to a 11V resding at the scurce (0 =) calibrated
to hexane). Values obtained using the TLY Sniffer were £irac divided by 1.58
te adjust to calibration using hexane. Then calibracion equations develapad
in the correlacion studiss were used to adjust the OVAl and TLV1 readings to
the TLV0 equivalent. Tha data thus obtained are listed in Appandix A.

4.2 RESULTS OF PREVIOUS STUDIES

as part of comtract with the Envirormental Protection Agency (No.
§3-02-2665), Radian i{s measuring the frequency and rate of fugictive hydro-
enrbon emissions from various sources in perroleum refineries. Iocluded in
thia sampling effort were the acreening and sampling af walwves in refinecy
garvice.
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baged on calibracion wich hexane, the screening value calibraced te methane
musr ba divided by (1.58). This factor reflects the relarive response of che
TLV detector to methana and hexana, as specified in the manufacturer's
instruction manual.

The correlations described by Figures 4-1, 5=2, 5=2, and 5=1 were com-
bined in order to develop the relationship shown dn Flgures 3= and 5-7. The
conf idence intervals for the sean are widar in chese graphs, since the data
from two other correlarions have been combined.

5.2 RESILTS OF QUALTTY CONTROL PROGHAM

As zencioned previcusly, the gualiry conrrsl progras was broken Into two
parra. In rhe daily gualicy control progeasm, appreximately twanty valves
wera screened dalily by che various screening teams. In the ceplicate qualicy
copntrol program, 4 Radian screening team cescraeened a unit previously
screened by the refinery screening team. The results of each of these gqualic>
cofrral programs Are presented below.

Resulrs of the Daily Oualicy Control Frogram

Enilg guallty control daca ipdicare a wide range in dny—tn—¢uy responsa
of the screened valves. Maxisum net sereening values for some valves remained
Fafirly aready over tha pericd of this scudy, while others had wide dav=-to-—day
variariens. This is illuscrated in Figures 5=B and 3=9.

Filgure 5-8 shows che net OVA 1 cm reading for che two valves with the
aost consistent net screening values. The dashed line on thase flgures
ipdicactes 3000 ppm. A% can be seéen, the net screening values for these
valves were falrly consiscently becween 3000 and 10,000 ppm. Howewver, in
several instances, the net screening value fell well below the 3000 ppm
line.

figure 3=9 shows Che net OVA 1 c= coading for the Ewo valves with the
widest day=-to-day screening value variacion. Again, the dashed line
indicates 3000 ppm. This figure indicaces chac wichin a few days cime, che
net scraening value can vary widely. In one case the screening value chinged
from greater than 100,000 ppm to essentially zero and back in a few days
time. These two {igures indicace the excremes Iin nec screening value day-co-
day variacion emcountered in this scudy.

Besules of the Heplicare Qualiry Control Program

The overall results of the raplicate qualicy contrel progrim are
summarized in Table 3-2. The percentage of leaking valves found by the
Radian qualicy conmtrel tesms compares favorably with the percencage found
by the originpal screening tesms. The diffeéerence in the parcentage of
leaking valves found by the two temms could be accounted for by the nec
screening value variacion previously mencioned.
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Figure 5-10 is 4 plot of the quallty control nat screening values
varsus the net screenlng valuas cbtained by the ariginal screening teadm.
This plot weould {pdicate whether the daca was biased high or low by gither
sepgening Ceam. AB can be seen, there is oo bias im aither direction.
However, the scattering af tha dara does again {ndicate tha {ndividual
wariation in nec gerasning value mentioned earlier. #owever, the variaticn
{5 shown to be random in that no bias was introduced into che data by the
yariacion.

TABLE 3=, OVERALL RESULTS OF REPLICATE GUALTTY CosTROL PROGHAM
madian §.C. original
Teams gcraening Tes=s
vumber of Valves Sereancd 14678 1688
yumber of Valves with Yot Scresniog 151 132

values Over 3000 ppm

Parcent of Valves with Het Screaning 8.4 7.8
Yalue Ower 3000 ppa

5.3 EMISSIONS ESTIMATES

cstimates of mass emisaion rates from each valve watre esde by using the
gorrelacions Jescribed above to celate all scrmening values to equivalent
TLV readings ac the source (TL¥0). The pra Lously developed Radlsn corrala-
rion of mass amission rate with TLV readings at the source was then applied.
These correlations were applied Eo all scraening values »3000 ppn. Mass
emisgion estimates {1b/he) are shown in Appendix A for all screaning values
raoeived. gergening valuas coded with an aaterisk (*) wers mot uaad 1n
developing the following analyses.

The cumulacive 1z2k race {1b/hr) for valves with screening values
warwoon 1000 and any higher concentracion is ghown In Figuze 5-11. A mOoTE
gignificant represencacion of this data is ahown 1n Flgure 5-12. This shows
the perceat of a=issions concribuced by walves with screening values beteren
3000 and any spncencration. For exgmple, 100 percent of the cmissions aze
{dencif ied as coming from valves having acreening values Z3000. As anather
gxample, valves with screening values 210,000 pp= arc responsible for
approximately g5 percent of the gmisslions {dentified. The percent of rotal
valves with screening walues equal to or greater than any selected value is
ghown In Figuze 5.13, For example, 7.1 parcent of all screened valves had
resdings 23000 and approximacely & percent of all valves had screening
walues z10,000.
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I These presencations of percent of cotal emisafions {dencified represent
the potencial teduccion of emissicns from wvalves with screening values equal
to or greater than J000 ppm. Actual emission reducticns will depend on many
faccors which cannct be assessed at this time. Radilan has recently completed
the first phase of a study of the sffectiveness of valve screening and
paintenance in refineries, The results of that study, which should indicate
how such emissions can be reduced by Identifving leaking valves and performing
gimple maincenance; are not yer available. The second phase of that study
will assess che e=ission race from repaired valves over a period of & months.
The resulcs of thac soudy will provide informacfion for estimating the
exission reduction potenrial and reguired Ereéquency of screening and mainte-
BROCE PrOgIEmS.

—

3.5 DISCUSSION AND CONCLUSIONS

The coral mass emission rate from all fugicive valve leaks in Bav Area
refineries cannot be estimated from the data collected in this studv. Valves
| in service wich hydrocarbons havipg Reld vapor pressures less than 1.55 pei
| were not scoeensd, and wvalves having screening values <3000 ppe were not
I recorded. Therefore, chere is no method for extrapolacing the resulcs of
; this study to estizate total mass emissions from refinery valves. This
| study vas conducted in order to escablish a relarionship between valve
| screening concantrations and mass emissions for a specific population of
: walves. Using Figures 3-12 and 5-13 provides a way to assess potential
I enisslon reductions and maincenance requirements for any population of valves
having screening values between 3000 and 100,000 pp=m.

A significant result of chis study is the documencarien of the variabiliey
of fugitive leaks (or, at least, screening walues) from valves. In Figures
5-8 and 3-9, hiscorical records of valve screening wvalues are shown.
Approxizately twency walves were screened in this manner during the course of
this study. Days when no screening walues were recorded (weskends, etc.)
fave been eliminated in order to presenc the data in a more compact graph.

The four walves shown in chese figures represent the best and worst cases of
variabiliry observed in the twenty sers of data recorded. Even the best cases
show seme significant variations in screening walues over the duracion of
testing.

The results of all quality control screening are shown in Figure 5-10.
This graph shows that no bias was introduced by the original screening ceams
or quality comtrol screening teams, since the data points are aqually
I distribuced along the 25 lino. However, these deta also sheow the exrresie
| variability of individual valve screening values.

The dotted line in Figures 5-8 and 5-9 represencs 3000 PpE. The walve
scrocning values may be below this line for several days, and then they
rise to very high levels. These data indicate chat random spot cheeking of
Individual wvalves 18 not a valid =ethod for assessing compliance with
screening and maintenance regulations. A very large valve population could
be screened in order to minimize the effect of Individual variacions. Ewven

30




{n this cose, HOWEVET, gome porcentige af the valvas would be expected to
axcped the minimus gereaning value 1i{mit. There are pthar [actors which make
this an inadequate method for agsessing ecompliance. The ovarall emisalon
reduction possible with aimple maincenance has nokt yet been decarmined. 1o
addition, the lomg Ceis affactivensss oOf yalve malntenance procadutes is nak
knewm at this time.

The overall pffact of guberacting methane and agrhana cancentrations froa
the tocal concantratlions could not be assassed, since anly net maximum
sepgening values were analyzed. Digcussiaons wich acresning tesms ar sevaral
raf inorias did reveal a wide wariation im chase concentrations. Ar soSid
rafinerias, there wers sumerous cades whera rhe total screening concentration
wvag »3000, but the pat walug was <1000, At other rafineries, chis rarely
oeeurzed. IE uould be advancagecus Lo all refiners to have the G1/Ca exclu=
aicn in the regulacion as an opticmal degcezmination. Rafiners wich large

2y fC2 eoncentrations could decermine which leaking walves were exempl dua o
thig provision. pefiners chact do not expect to Eind large Ci/C: concencra=
rions would not need to determine rhis walue, but would chen assuze Ethe eotal
concentration W18 che a2t concentration. This alght prove Lo be cost effeccive
for some refiners gince it doas reguire at legast cwice a3 auch £ize to
daterming the Ci/Cx copcentraclons.

A progras of valve gepreening and spipcenance can paduca fugibave
s=issions, but Che magnituda of reduction and cosT affectivenass of guch 2
arogram cannot he determined 4t this time. Test results which will become
available in che next yeir ahould provide somé ipformacion about chese
aspacts of walve muintenance progEms.
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