
&EPA 

United States Office of Air Quality EPA-450/2-78-036 
Environmental Protection Planning and Standards OAQPS No. 1.2-111 
Agency Research Triangle Park NC 27711 June 1978 

Air 

Guidelines Series 

Control of Volatile 
Organic Compound 
Leaks from 
Petroleum Refinery 
Equipment 



EPA-450/2 .. 78-036 

OAQPS No. 1.2-111 

Control of Volatile Organic 
Compound Leaks from Petroleum 

Refinery Equipment 

Emission Standards and Engineering Division 

Strategies and Air Standards Division 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
Office of Air, Noise, and Radiation 

Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 27711 

June 1978 



OAOPS GUIDELINE SERIES 

The guideline series of reports 1s being issued by the Office of Air Quality Planning and Standards (OAOPS) to 
provide 1nformat1on to state and local air pollution control agencies; for example. to provide guidance on the 
acqu1s1t1on and processing of air quality data and on the planning and analysis requ1s1te for the maintenance of 
air quality. Reports published in this series will be available -as supplies permit-from the Library Services Office 
(MD35). U.S. Environmental Protection Agency. Research Triangle Park. North Carolina 27711. or. for a nominal 
fee. from the National Technical Information Service. 5285 Port Royal Road. Springfield. V1rgin1a 22161 

Publ1cat1on No. EPA-450/2-78-036 

(OAOPS No. 1 2-111) 

ii 



TABl..E OF CONTENTS 

Page 

Chapter 1.0 Introduct1on and S.-ry • . . • • . • ·. . 1-1 

1.1 fllecl to Regulate Equis-nt Leaks fran Petrolellll 
Refineries • • • • • • • • • • • • • 1-2 

1.2 Monitoring and Maintaining Petrolem1 Refinery 
Equis-nt • • • • • • • • • • • • • 1-2 

Chapter 2.0 Sources and Types of Refinery Equipnent Leaks •• 2-1 

2.1 Sources of VOC Ellfss1ons fran Equipment Leaks •• 2-1 

2.2 Magnitude of VOC Emissions frOll Equipnent Leaks • 2-2 

2. 3 References • • • • • • . • • • 

Chapter 3.0 Control of Refinery Equi~t Leaks • 

3. 1 Monitoring • . . I . . 
3.2 Maintenance • • . . . 
3.3 References . • • . . 

Chapter 4.0 Cost Analysts • . . . . . . . 
4.1 Introduction •• . . 
4.2 Control of VOC Leaks fran Refineries • 

2-4 

• • 3-1 

3-1 

3-3 
. 3-8 

4-1 

4-1 

4.3 Cost Effectiveness • 

4.4 References • • • • . . . . . . . 

4-4 

4-11 

4-13 

Chapter 5.0 Effects of Applying the Technology • • • 5-1 

5.1 IllPICt of a Monitoring and Maintenance Program 
on voe Emissions • • • • . . • • • . • 5-1 

5.2 Other Envil'Ofmntal Impacts . . 
5.3 References • • • . . . . . . 

111 

5-2 

5-2 



. . . . . . Chapter 6.0 Enforc•nt Aspects 

6.1 Affected Facility • . . . . . . . . 
6.2 Format of Regulation . . . . . . . . . . 
6.3 Cmp11ance and Monitoring . .. • . 

Appendix A. Ellission Source Test Data . • . ' . 
Appendix B. Detection of VOC Leaks FrOll Petrole1111 

Refinery Equ1J111nt . . . . . . . . • . 
Appendix C. Monitorb19 and Maintenance Manpower Requir .. nts 

iY 

. 

. 

. 

Page 
6-1 

6-1 

6-1 

6-2 

A-1 

B-1 

C-1 



LIST OF TABLES 

Page 

Tule 2-1 Distrj•oa Of Equ~t LHk VOC Ellissions for 
a Model ltaflnery • • • • • • • • • • • 2-3. 

Table 3-1 5-rJ of EPA.and Industry Equipment Luk 
Source Test Data • • • • • • • • • • • . • 3-4 

Table 3-2 S-ry of Equis-nt LHk VOC Concentration Versus 
L .. k Rate Linear Regression Analysis • . • • • • 3-5 

Tule 4-1 Technical Par-ters Used in Developing Control Costs • 4-3 

Table 4-2 Cost Par .. ters Used in Callputing Control Costs • • 4-5 

Table 4-3 Control Cost.Est1•tes of tb.1toring and Maintenance 
Progr• for Model Existing Petrol ... Refinery 
Equi.-nt Leeks • • •. • • • • • • • • • • 4-8 

Table 4-4 Cost Esti .. tes of Typical Seal Oil Reservoir 
Degassing Vent Control Systaa • • • • • 

Table A-1 S....ry of Results of Four EPA Tests • 

Table A-2 S...ry of Refinery A Testing • 

Table A-3 S-ry of Refinery B Testing • 

Table .A-4 S-ry of Refinery c Testing • 

Table A-5 s .... ry of Refinery D Testing • 

. . ' . 

. . . . . . . 

4-10 

• A-4 

A-5 

A-6 

A-7 

A-8 

Table B-1 Monitoring lnstnment Perfol"lllnce Criteria • • • • B-2 

Table C-1 Annual Monit\lring Manpower Requir..,.ts for Model . 
15,900 Cubic Meter Per Day Refinery • • • • • C-3 

Table C-2 Annual Maintenance Manpower Requirements for Model 
15,900 Cubic Meter Per Day Refiner.Y • • • • • • C-4 

y 



LIST OF FIGURES 

Page 

Figure 3-1 VOC Concentration Versus Leek Rate for Refinery 
1
ValVeS, . • _. • . . • • • • . • . • . 3-6 

Figure 3-2 VOC Concentration Versus Leek Rate for Refinery 
P&lllltS • . • • • . • • • • • • • • • • • 3-7 

Ffture 6-1 Exallple Monftorfng Survey Log Sheet • • 

Ffgure 6-2 Exlllple Refinery leek Report • • . 

Figure B-1 Zero and taltbratton Drift Deter11fnatfon • 

. . 

Figure B-2 talfbntton Error Detenl'lnatton • • • 

Ff,... B-3 Response Tf• Deter11f natfon • • 

. . . 

yf 

6-7 

• 6-8 

• B-7 

• B-8 

B-9 



AllREVIATIONS MD CONVERSION FACTORS 

EPA policy ts to express all 111asur111ents tn agency documents fn 

metric units. Listed below are abbreviations and conversion factor!" for 

lr1t1sh equivalents of .. trfc units. 
,r 

kg - k11ognm 

m3 - cubic •ter 

• ten - metric ton 

Mg - -..gr• 
kg/1a3.3 - k11ogr- per thousand 

cubic •ters 

m3/uy - cubic •ters per day 

Cll - centimeters 

Conversion Factor 

kg x 2.2 • pound (lb) 
lb x 0.45 • kg 

m3 X 6. 29 • barrel. (bbl) 

bbl X o. 16 • m3 

m ton X 1 .. 1 • short ton 
short ton X 0.91 • m ton 

Mg • m ton 

kg/103m3 x 0.35 • lb/103bb1 
lb/~o3bbl x 2.86 • tg1103m3 

m3/day X 6.29 • bbl/day 
bbl/day X 0.16 • m3/day 

C11 X 0.39 • , inches 

FrecwentlY used wsurwnts tn thf s doc.-nt 

15,900 m3/day "' 100,oOo bbl/day 

$100.60/ll3 "" $16.00/bbl 

5 cm "" 2 inches 
' 

61 11 "" 200 feet 

v11 



1.0 INTRODUCTION AND stllNY 

Tlt~s deca8·1nt lddresses the control of volatile organic c011pounds 

(iWJC) ,.._ equf'lment leaks in petroleum refineries. ·Equipment considered· 

1,wclucles pump seals, compressor seals, seal on degassing vents. pipeline 

valves, flanges and other comections, pressure relief devices, process 

drains, and open ended pipes. voe •itted fr• equipment leaks are 

pr1•r11y c3 through c6 hydrocarbons which are photochemically reactive . 

(precursors to oxidants). 

Methodology described in this docUlla'lt represents the pres111ptive 

nor11 or rea.it,.,nably available control technology (RACT) that can be 

·applied to existing petrole• refineries. P.Al;1 1S defined as the lCMest 

•fssion lf•it that a particular :iource is capable of meeting by the 

application of control technology that is reasonably available cons1derfng 

technological and econm1ic.feasibflity. It my require technology that 

has been applied to si•11ar. but not necessarily. identical, source categories. 

It 1s not intended that extensive research and develop11nt be conducted 

before a given control technology can be.applied to the source. This does 

not, holilever, precl• requiring a short-tera evaluation program to permit 

tile application of a given technology tO a particular source. The latter 

effort 1s an appropriate technology-forcing aspect of RACT. 
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1. 1 NEED TO REGULATE E(JJIPMENT LEAKS. FROM PETROLEll1 REFINERIES . 

. control techniques guidelines are being prepared for source categories 

that •it significant quantities of air pollutants in areas of the country 

•re National Ambient Air Quality Standards (NAAQS) are not being ·.!ttained. 

Equ1p11ent leaks in petrole1111 refineries are a significant source of voe and 

tend to be concentrated in areas where the oxidant NAAQS are likely to be 

violated • 

. Natiol'lfide VOC •issions from equipment leaks in p_etro18'1D refineries · 

are presently esti•ted to be 170,000 metric tons per year, or about one 

percent of the total voe emissions from stationary sources. The emission 

factors upon which these est1utes are based are presently being updated. 

The total elliission estimate is expected to increase when the new factors 

bee~ available. 

1.2 MONITORING AND MAINTAINING PETROLEUM REFINERY EQUIPMENT 

The approach used in this document for controlling voe leaks frmn 
( . 

petrolewn refinery equipment is dictated by the nature of the emissions. 

There are many potent1a~ leak sources--over 100,000 in a very large 

ref1nery--and leak rates range over six orders of magnitude. Leaks from 
' . 

most of the sources are insignificant; a 511111 percentage of the sources 

account for a •Jority of the total nass •issions·. This situation makes 

it difficult. to quantify the anissions, and highlights the importance of 

a 110n1toring plan to effectively locate leaks so that maintenance can be 

perfonned. 

Recent test data show that when a voe concentration of over 10,000 

·parts per nt1111on (ppm) is found in proximity to a potential leak source, 
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the souree is leaking fran one to ten kilograms per day depending on the 

type of source. If the leak were not located· or repaired for a year, annual 

emissions frC111 this single source would be fran 0.4 to 3.7 metric tons of voe. 
The monitoring plan rec011Rended includes annual, quarterly, and weekly 

inspections. In the monitoring inspections the refinery operator will de-
I 

tel'lline the voe conc.entration in proximity to each individual potential 
. . I 

leak source with a portable voe detection instrment.: If the voe concen-

tration at the source exceeds 10,000 ppm, the leak should be repaired 

within fifteen (15) days. The recannended monitoring intervals are: 

annual--p111p seals, pipeline valves in liquid service, and process drains; 

quarterly•-compressor seals, pipeline valves in gas service, and pressure 

relief valves 1n gas service; weekly--visual inspection of pump seals; 

and no: individual monitorfog--p1pe11ne flanges and other connections, and 

pressure relief valves in liquid service. Whenever a liquid leak from a 

pump seal is observed during the visual inspection and whenever a relief valve 

vents to atmosphere. the operator must illlllediately monitor the VOC concentration 

of that component. If a leak 1s detected, the leak should be repaired within 

fifteen days. The manpawer required to perform the inspections is approximately 

1800 tMnhours per year for a 15,900 cubic meter per day refinery. · 

A portion of the canponents with concentrations in excess of 

10,000 ppn will not be able to be repaired within fifteen (15) days. The 

reftnery operator should report quarterly leaks that cannot be repaired within . 

this time frame and should 'make arranganents for this equipment to be 

repaired during the next scheduled. tumaround or, t.f unable to bring a com­

ponent tnto compliance, apply for a variance on an individual basis. 
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The approximate manpower required to perform maintenance on leaking 

equipment is 3800 manhours per year for a 15,900 cubic meter per day 

refinery. 
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2.0 SOURCES AND TYPES OF REFINERY EQUIPMENT LEAKS 

Petrolelll reftntng represents a large potential source of volatile 

organic CCJllPOUnd (VOC) emissions by virtue of the large quantities of 

petrolemt liquids refined and the 1ntr1Cacy of the refining processes. 

The •jor sources of refinery voe emissions ·that have ~en addressed in 

guideline doct111ents include fixed roof storage tanks; vacullft producing 

systas. wasi.ater separators, arid proeess unit turnarounds; and gasoline 

. transfer operations. This chapter discusses equipnent leaks, another 

significant source of voe emissions for which controls previously have 

been adequately defined. 

2.1 SOURCES OF voe EMISSIONS FROM EQUIPMENT LEAKS 

There are many types of equipment in petroleum refineries that tan 

develop leaks. ~ng these are pump seals, compressor seals, pipeline 

valves, open-e~ded valves, flanges_ and other connections, pressure 

relief devices and process drains. Most of these sources maintain their 

sealing effect through proper mating of two sealing surfaces. These sealing 

surfaces include compressed packings. gaskets, finely machined surfaces 

(as in mechanical seals), and seats (as in pressure relief devices) •. If 

these seals are not properly designed,. constructed, installed, and maintained, they 

can degrade to the point where their ability to seal is reduced. As this process 

continues, the leaking equipment becomes a s1gn1f1cant source of voe emissions. In 

addition to sealing failures. open-ended valves that are not completely 

. shut off (such as a sample tap or bleed valve)· and process drains which 

are not properly designed or operated can also emit voe to atmosphere. 
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2.2 MA6NITU9E OF voe EMISSIONS FR<ltECJ,IIPMENT LEAKS 

Many studies have been undertaken to determine the magnitude of voe 
•issions from equi.-ent leaks. About twenty years ago, a Joint P!'Oject 1 

"'s undertaken to quantify all anissions from refineries in the Los Angeles 

air basin. The emission factors that resulted frOI?' this study are currently 

. used to esti•te the voe •issions from refineries. 2 Radian Corporation 

has been contracted by EPA to update refinery emission factors to the present 

state of the art. 3 This study is incCJll?lAte and thus their preliminary data 

cannot be cited. Results should be available in late 1978 or early 1979. 

Limited testing has been perfo.,....t by KVB, lncorporated;4 industry;5 

Meteorology Research. Incorporated; 6•7 and EPA. but none of these tests have 

yielded new aniss1on factors. 

Recent tests have shown that IM>St refinery equipment have low leak 

rates and that the small percentage of equtpnent with high leak rates accounts 

for a large part of the total VOC Mlitted •. Table 2-1 presents preliminary 

data from the Radian study that illustrates this point.8 In every 

case a smll percentage of the sources •it about 90 percent 
I 

of the emissions. · The test program undertaken by KVB, Incorporated, under 

contract with California Air Resources Board also found this to· be the case.9 

This leads to the conclusion that the key to controlling voe anissions fran 

equipment leaks is developing an effective monitoring and mintenance 

program to locate this small percentage of the total equipment with hjgh 

leak rates so that repairs can be scheduled. 
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TABLE 2-1. ~ISTRIBUTlOM oF EQUIPMEHf L~AK voe EMISSIONS FOR 

A MODEL lEFINERY8 

CCIFONENTS PERCENT OF · 

C<IFONENT 
NUMBER OF WITH90I TOTAL REFINERY 
cotFONENTS OF EMISSIONSb · LEAK EMISSIONS 

PllllP Seals 250 23 5 

C011Pre1sor Seals 14 2 2 

Pipeline Vahes 25,500 766 75 

Process Drains . 1,400 56 3 

Pressure Relief 130 7 11 
Valves 

Flanges 64,000 640 4 

a Based on actual sampling of equipment in six refineries by Radian 
Corporation (Reference 3) and a model 15,900 cubic meter per day 
refinery. 

b Ninety percent of the total mass emissions are emitted by the listed 
number of the ccaponents. 

2-3 



2.3 REFERENCES 

1. •Joint District, Federal and State Project for the Evaluation of 

Refinery Emissions," Los Angeles County Air Pollution Control District,· 

Nine Reports. . 1957 - 1958. 

2. "Compilation of Air Pollutant Emission Factors , 11 Second Edition, 

AP-42, U.S. Environnental Protection Agency, April, 1973. 

3. "Asses·sment of Environnental Emissions from Oil Refining," Radian 

Corporation, EPA Contract No. 68-02-266~, in progress, March, 1976 to 

March, 1979. 

4. Personal co111111.mication between Harold J. Taback, KVB, Incorporated, 

and K.C. Hustvedt, U.S. EPA, memo to the files dated March 10, 1978. 

5. Letter with attachments from J.M. Johnson, Exxon Company, U.S.A. 

to Robert T. 'Walsh, U.S. EPA, ESED, CPB, July 28, 1977. 

6. Letter with attachments from 8. F. Ballard, Phillips Petroleum 

Compiny, to Willi• Stewart, Texas Air Control Board, September 8, 1977. 

7. Personal c0111Unication between Paul Harrison, Meteorology 

Research, Incorporated, and K.C. Hustvedt, U.S. EPA, memo to James F. Durham, 

dated January 18, 1978. 

8. "Assessment of Environmental Emissions from. Oil Refining," 

op cit. 

9. Taback, op cit~ 

2-4 



3.0 CONTROL OF REFINERY E~IPMENT LEAKS 

There are two phases to controlling volatile organic compound (VOC) 

•1ss1ons from equi.-ent leaks; first, the l~aks must be located (monitoring), 

and then the leak 1111st be repaired (maintenance). This chapter discusses 

both phases. The manhour requirements of applying the monttortng and 

•intenance progr• are presented in Appendix C, costs in Chapter 4, and 

enviro,...tal effects in Chapter 5. 

3.1 MONITORING 

There are many types of monitoring that may ~e effective in reducing 

emissions of voe to atmosphere •. These include individual source monitoring, 

unit walkthrough monitoring, and multiple fixed-point monitoring. Only 

individual source monitoring has been evaluated sufficiently to detennine 

its effectiveness and wtll therefore be the·only technique discussed below. 

3.1.1 Individual Source Monitoring 

Each type of equiPlllent listed in Chapter 2 can be monitored for leaks 

by sampling the llllbient air in proximity to the potential leak point with 

a portable voe detection instrwnent. Both the rec ... nded instrument and 

monitoring techniques for each type of P.QUipnent are described in Appendix B. 

Routine monitoring of every potential leak source in this manner will ensure 

that all leaks in the refinery are located·, thus· allowing maintenance to be 
' 

scheduled as necessary. 

In order to develop a monitoring plan for equipment leeks. one must 

first define whet constitutes an equipment leak. Tests were perfo~ by 

Radian Corporation in four refineries on. equipment that had a voe 
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concentration of over 10,000 parts per million (ppm) at the seal interface. 1 

In the 16' tests Radtan perforMCI, the average luk rate was 5.6 kflogras 

per day (kg/day) with leak rates ranging from 1.0 to 10.1 kg/day for· the 

different types of equipment. This ts a significant leak rate, averaging 

over 2 metric tons per year per source.· If this leaking equipment were 

located and repaired, an appreciable reduction in voe emissions would result. 

Table 3-1 shows the incidence of leaks for different types of refinery 

equipment as found in EPA and industry 2 squrce tests. Here ag~in it ts 

shown that a small percentage of. the sources leak. This table ts used in 

Appendix C to detenntne the manpower requirements for repairing leaking 

equipment. In the EPA afKf industry tests a leaking component ts defined as one 

havinq a voe concentration over 1000 parts per millio.n (ppm) at a distance of ... 6 . ' 

cent111eters (cm) from the potential leak source. In this document, hQWever, 

a leaking component has a voe concentration of over 10,000 ppn at the potential 

leak source (0 cm) •. It has been shown in the tests performed. by Radian 

Corporation 4 and Meteorology Research 5 that these two values are equivalent •. 

Table 3-2 sunmar1zes log-log linear regression analyses that were perfonned 

by Radian for equipment total leak rate versus voe concentration at a given 

distance from JU1P seals, canpressor seals and valves. Figures 3--1 and 3-2 

are the actual relations that the analyses predicts for valves and pumps, 

. respectively.. There are fewer sources sampled at the 5 an distance 

because this analysts was not initiated until after the sampling was underway. 

This analysis shows that a voe concentration of lOOOppm at 5 an and 10,000 PPlll 

at o cm represent equivalent •isston.rates so the leak rate incidence data 

shown in Table 3-1 ts valid for both leak definitions. 

3-2 



3.1.2 Y1sy1l lnmct1on 
As a suppl_.t to 1nd1v1dual source attortng wtth a portlbltVOC 

. . . . . .. ~ l . 

dlteet1• device, visual 1n1pection1 c• be performd to detect •v1dence. 

of ltqi.ltd leltage ,.,. pu11p seals. Wllin visual evidence of Uqu1d leakage 

fl'Gll a pu111p Mal ii observed, the operator should 1mtd1ately obtain a 

portable voe det,ction tnstnmnt •d llOftitor'the cmponent •• outlined 

in Appendix 8. If the component is found.to be leaking, i.e., a VOC 

concentration over 10,000 ppm, maintenance should be scheduled. All liquid 

leaks wfll not necessarily result fn a reading greater than 10,000 p ... 

3.2 MAINTENANCE 

When leaks ~re located by either monitoring method described in 

Section 3.1, the leaking component must then be repaired or replaced. 

Many components can be serviced on-line and this is generally regarded 

as routine maintenance to keep operating equipment functioning properly. 

Equipment failure, as indicated by a leak which servicing does not 

eliminate, require~ isolation of the faulty equipment for either 

repair or replacement. This will nonnally result in a temporary increase 

1n e111issions to atmosphere. 
I 
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TABLE 3-1. SlllMRY OF EPA1 ANO INDUSTRYb EQUIMllT L~ 
SOURCE TEST ~TA 

Nllllber of 
Ellission ~rce Sources Tested 

Pulllp Seals 521 

CQ111Pressor Seals 29 

Pipeline Valves 1350 

Drains 369 

Pressure Relief Devices 15d 

a Four.EPA source te$ts described in Appendix A. 

b One industry test (Reference 1). 

Percentc 
Leaking 

12 

7 

6 

6 

7e 

c Concentration over 1000 ppm at 5 centimeters (equivalent 10,000 PPl'I 
at the source). · 

d Not a rei>resentative sanple. 

e In the Joint Project (Reference 3) a leak was defined as a concentration 
over the lower explosive limit inside the horn and in that study 20 

· percent of the sources leak*<!. This value is used in the analysis in 
Appendix c. 



TABLE 3-2. SllllARY Of EQUIPMENT LEAK voe CONCENTRATION VERSUS 
LEAK RATE LINEAR REGRE~SION ANALYSIS a 

Elltss1on Source · Concentration b Predicted c tulber of Correlation 
(PP11) Eliissions Sources Coefficient 

(kg/day) Sapled. 

Pullp Seals 101 000 I 0 CRI 1.11 51 

11 000 1.5 Cll 1.14 31 

CGllpressor Seals· 101 000 I 0 C11 0.70 19 

1,0001 5 cm d 

Valves 101 000 I 0 CIR 0.19 191. 

1,000 I 5 Cll 0.21 73 

a Based on data frcn four refinery tests by Radian Corporation (Reference 4) 

b The •xi .. concentration found at the hsted distance frClll the potential 
leak source · · 

c The 1111ss1on rate predicted by the linear regression equation for a leak at 
the gtv• concentration. The avera9' 111tsstm rate ·for all leaks greater 
thin the giv• concmtration.wuld be approxi•tely one order of magnitude 
higher. 

d A valid sample of voe concentrations at 5 C11 from C011Pressor seals was not 
available. · 
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0.691 

0.551 
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4.0 COST ANALYSIIS 

4 .1 IllTIODUCTION 

4.1.1 Purpose 

The purpose of this chapter is to present esti•ted costs for control of 

volatile organic cOlllpOUnd (VOC) emissions from equipment leaks at existing 

petroleu11 refineries. 

4.1.2 Scope 

Esti .. tes of capital and annualized costs are ~.--esented for controlling 

•1ssions.from equipment leaks at existing petroleun refineries. The 1111.jor 

sources of voe •issions that are considered in this chapter include process 

drains; pipeline valves. flanges. connections and fittings; pump and compres­

sor seals; pressure relief devices; and sampli~g connections. The recOllllended 

control technique to substantially reduce equipment leaks is a monitoring and 

•intenance progr•. Control costs are developed for a modelexisting medi&.111 

size refinery with a throughput of lS.900 m3/day. These costs are based on 

the use of ttllO (2) monitoring instrwnents and the leak detection and mainte­

nance procedures specified in Chapter 6. Costs are also presented for a 

typical seal on reservoir degassing vent control system. which may be re­

quired to bring this source of voe emissions 1nto compliance. Since emission 

reductions are not presently quantifiable. recovered product credits and 

cost-effectiveness measures have not been detennined. lbilever. a siq>le 

·procedure is presented that may be used to detennine recovery credits and 

cost-effectiveness when new refinery e111ssion factors become available. 

4.1.3 Use of Model Refinery 

Petroleum refineries vary considerably as to size. configuration and 

age of fa,i11t1es. product mix. and degree of control. Because of the vari­

ation ..,,.g plants. this cost analysis is based on a model medilim size 
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refinery that hu a throughput of 1&,900 m3/day. Table 4-1 preHnts.the 

technical r,ar-ters that pertain to the .,.1 refinery. The par-ters 

•re selected -u being t9presentative of existing. medium sized refineries.· 

based on informtion frc11 an American Petrol ... Institute pub11cation,1 

petro18'a refineries and equis-nt vendors. Although model plant costs 

may differ, someti•s appreciably, with actual costs incurred, the,v are 

the most useful •ans of determini.ng·~and CCJ111paring aaiss1on control costs. 

4.1.4 Bases for Capital and Annualized Cost Estimates 

Capital cost estimates represent the investment required to purchase 

and calibrate monitoring inst...-nts for leak detection surveys and the 

installed costs of a seal on reservoir degassing vent control system.· 

Annualized control cost estimates include annualized capital charges and 

annual materials, maintenance and calibration cost of monitoring instru­

.-nts, annual monitoring labor cost, annual leak repair and 111intenance 

labor cost, annual adllinistrattveand support cost of the monitoring and 

mafntenanctt progr•, and annual operating and maintenance cost of a de­

gassing vent control system. Cost estimates were obtained from petrole1111 

refineries, equipment vendors, a major refinery contractor, a national 

survey of current salary rates, and an oil industry journal. All costs 

reflect fourth quarter 1977 dollars. Costs for research and develo.-nt, 

production losses during downtime, and otlier highly variable costs are not 

included in the estimates. 

The annualized capital charges are sub-divided into capital recovery 

costs (depreciation and interest costs) and costs for property taxes and 

insurance. ~reciatton and interest costs lllV.t been CG11PUtecl using a · 

capital recovery factor based on a 6 year repla-:tlllftt life of the mnitoring 
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Table 4-1. TECHNICAL.PARAMETERS USED IN 
DEVELOPING CONTROL cosrsa 

I. Refinery Throushput: 

15.900 m3Jday 

II. Operating Factor:b 

365 days per year 

III. Monitoring and Maintenance Program: 

A. Recomnended Emission Monitoring Procedures per Section 6.3 and 
Appendix B. 

B. Reconmended Monitoring Instruments per Appendix B. 

c. Number of Monitoring Instr~nts:c 2 

D •. Estimated Monitoring Manhours per year:d•e 1800 

E. Estimated MGintenance and Repair 
Manhours per year: d • f 3800 

IV. Seal Oil Reservoir Degassing Vent Control System:b 

Piping: 61.0 m length. 5.1 cm d1a •• carbon steel. 

Valves: 3 plug type. 5.1 an dia •• cast steel. 

Flame Arrestor: One metal gauze type. 5.1 an d1a. 

v. Average Density of Recovered Product:9 

671 Kg/m3 

1Except as noted. parameter v'lues are taken from Chapters 2 and 3. 
bEPA estimate. . 
cRefennce2; one monitoring 1nstrwnent needed for the refinery, and one 
instrument needed for the tank fann and as a back-up instrument. 

dPer Reference 3 and EPA estimate as discussed in Appendix C. 
eaased on two person te.S. (except for the visual pump seal inspection) 
perfonning the leak detection surveys. 

f Includes initial leak repair and on-going maintenance. 
9P.eference 4. product that would have leaked but does not escape because 
the leaks are repaired; saved product assumed to b£: equivalent to gasoline. 
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1nst1W1nt1anda1019ar ~ife.of the dqas1in9 vent control 111te. and an 

1ntenst rate of lOI per ann•. · Costs for propef't.Y taxes and insurance 

are COlllPUted at 41 of the capital costs. All annualized costs are for 

one'year periods caamncing w1th the first quarter of 1978. 

4.2 CONTROL OF voe LEAKS FROM REFINERIES 

4.2.1 Model Cost Par111eters 

The major source~ of voe leaks from petrolem refinery equipment include 

process drains; pipeline valves. flanges and other pipe connections; pump 

and ~ressor seals; pressure relief ~evices; and sampling connections. 

The reccJlllllended control.techniques to reduce voe emissions from equipllient 

leaks are a monitoring (leak detection) and mainte~ance (leak repair) progr•. 

and. when necessary. a seal on 'reservoir degassing vent control syst•. Cost 

parameters used tr. computing emission control costs are shown in Table 4-2. 

These par .. ters pertain to the medium size model refinery and are based on 

actual cost/pr1ce data from petrole• refineries. 3•5•6•7•8•9 equipment ven­

dors. 10•11 •15•16 a survey of c~rrent salary rates, 12 .an on industry Jour­

nal, 13 a AM.jor refinery contractor, 14 ind EPA estimates. 

4.2.2 COntrol Costs of Monitoring and Maintenance Program 

Table 4-3 presents the estimated costs of controlling voe leaks from 

equipment of the lllOdel melt• size petroltUI refinery. The costs are based 

on the use of two (2) portable organic vapor analyzers that are suitably 

equipped and calibrated for monitoring voe emission leaks. These devices 

operate on the flame ionization detection principle and are certified safe 

for use in hazardous locations by Factory Mutual Research Corporat;on. 11 

Except for the visual pump seal inspections, the e1tl1111.ted monitori~g labor 

costs are calculated ass1m11ng two (2) person survey te... For the purpose 

of detennintng costs. an Inst......,t Techn1c.ian and a Junior Chemical 



Table 4-2. COST PARAMETERS USED IN CC»FUTING CONTROL COSTS 

I. !!!itoring ln!tr'Ulllftts:a 

Purchased Equi...,.t Cost: $8,800 

Annual Materials, ft-intenance;and 
. calibration Cost: S2,500 
Equipmnt Replac-nt Life:c · 6 years 
Battery Pack .Replacelllftt Life: 1 year 

JI. Annualized Capital C..arms Factors:c 

Annual Interest Rate: lOS 

Property Taxes and InsurMce Charge: 41 of Capital Cost 

III. Monitoring (Leak Detection) Labor Costs: 

Annual Monitoring Manhours:d 
Weighted Average Labor Rate:8 

1800 

$14.00/hour 

IV. ,l1tak Repair and. Maintenance Labor Costs: 

Annual Leak Repair and Maintenance 
Manhours :d · 3800 

Average Labor Rate:f $14.00/hour 
( 

v. Annual ~1n1strat1ve and Support Cost of Monitoring and Maintenance 
Progr•:G 

40I of the s1111 of III. and IV. costs. 

VI. Seal 011 Reservoir ·0eaassinq Vent Control S,YStem: 

Carbon Steel P1p1na:h 

Installed Capital Cost: $2400 

Annual Operating and Maintenance Cost:c 
51 of Installed Capital Cost 

Life: 10 years 
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Table 4-2 (continued) 

Plua TyP! Valves:1 

Specification: 

Purchase Price: 

Installation Cost:c 

WC8 ASTM A216-60 

$140 each 

10 hr each • $14.00/hr. 

Annual Operating and Maintenance Cost: 
151 of Installed Capital Cost 

Life: 10 years 

Metal Gauze Fl- Arrestor:j 

Specification: 

Purchase Pr,ce: 

Installation Cost: 

Model 4950; ductile iron w1th 
4.8 nn stainless steel grid 

$260 

10 hr t $14.00/hr 

Annual Operating and Maintenance Cost:i 
151 of Installed Capital Cost 

Life: 10 years 

VII. Recovered Product Value:k 

$100.60/113 

~References 2. 10 and 11; costs based on the use of two (2) Century Systems 
Corp. Model OVA-108 Portable Organic Vapor Analyzers. 

beased on the following usages per monitoring instrument per year: one (1) 
battery pack. and two (2) filter pack~. · · 

cEPA estimate. 
dReference 3 and EPA estimate as discussed in Appendix c. 
8References 3. s. &. 1. a. 9 and 12; weighted average labor rate of two (2) person· 
survey te•(s). consisting of an Instrument Technician and a Junior Chemical , 
Engineer; includes wages and salary plus an additional 40I for labor related 
costs to refineries. An Instrument Technician and a Junior Chemical Engineer 
are usu.cl for cost purposes; the nllllber and types of personnel actually assigned 
the monitoring functions will be determined by the respective refineries. 

fReferences 3. s. &. 1. 8 and 9; average labor rate of refinery maintenance 
personnel; includes wages plus an additional 40 percent for labor related 
costs to refineries. 



Tlble 4-2 (conttnued) 

Sitteference 3 and EPA esti•te; includes costs of data reduction and 
analysis MCI report preparation. 

hReference 14. 
i . Reference 15 • 
.1Reference 16. 
kAverage gasoline value based on price data from Reference 13 and the 
Wall Street Journal, October 20, 21, and 24, 1977 and February 15, 16, 
and 17, 1978. 

4-7 



Table 4-3. CONTROL COST ESTIMATES OF tlJNITORING AND MAimNAHCE 
PR08IW1 FOR tl>DEL EXISTING PETROLEUM REFINER:Y EQtJIPMENT 
LEAKS . 

Throughput · 

Control Technique 

lnstr1111811t Capital Cost ($00())a 

Annualized Instn.nnent Capital Charges (SOOO)b 

Annual Instrunent Materials. Maintenance, and 
Calibration Costs ($OOO)l1C · 

Annual Monitoring labor Costs (SOOO)d 

Annual Maintenance Labor costs (SOOO)e 

Annual Administrative and Support Costs ($00(>)f 

Total Annualized costs ($000)9•h 

Monitoring and 
Maintenance Program , 

8.8 

2.4 

2.5 

25.2 

53.2 

31.7 

115.0 

'References 2, 10 and 11; costs based on the use of two (2) Century Systems Corp. 
Model OVA•108 Portable Organic Vapor Analyzers. 

bcap1ta1 recovery costs (using capital recovery factor with lOS annual interest 
rate and 6 year instrument life) plus 41 of capital cost for property taxes 
and insurance. 

cEPA esti1111.te. 
dEst1ated monitoring man-hours per Reference 3 and EPA estimate; weighted 
average labor rate of two person survey team(s) consisting of an lnstr1111ent 
Technician and.a Junior Chemical Engineer per References 31 51 61 71 81 9 and 12. 

8 Est1mated leak repair and maintenance man-hours per Reference 3 and EPA estimate; 
average maintenance labor rate per References 3, 51.6, 71 81 and 9. 

f Reference 3. . . 

9total Annualized Cost5 are the.sum of AnnualiJed Instr&mnt Capital Charges; Annual 
. lnst~Matertals, Maintenance.and Calibration eosts; AnnJ,lal~Monitoring Labor 
Co$ts; Annual Ma1ntenM~ Llbor costs; and .Annual Adlltn1stpattve and Support Costs. 

hcreclits for recovered 
1

(saved), product are not included. in these costs •. -
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Engineer are 1ssUlllld to perform the recannended monitoring. The number and 

types of persannel actually assigned the monitoring functi~ns will be deter­

•ined by the'respective refineries. The estimated maintenance labor costs 

include both initial and on-going leak repair and maintenance. 

From Table 4-3. it should be noted that the reconnendecl monitoring and 

1111intenance program for the model medium size refinery has an estimated 

capital cost of ss.aoo and a total annualized cost of $115,000, not including 

recovery credits from reduced emissions. Recovery credits would, of course, 

reduce the total annualized cost of control. Since these estimates are 

expected costs of typical medium sized refineries, the control costs of actual 
' 

refineries may vary from the estimates, depending upon refinery size, con­

figuration, age, conditi.on, and degree of control. 

· 4.2.3 Control Costs of Seal Oil Reservoir Degassing Vent System 

Another potential source of voe emissions are seal oil reservoir de­

gassing vents (refer to Section 6.3.2). In order to bring such a source 

into compliance with the concentration limits, a refinery may be required to 

install one or more control systems.. Table 4-4 presents the estimated costs 

of a typical seal oil reservoir degassing vent control system. The technical 

parameters and cost parameters of the typical degassing vent control system 

are shown in Tables 4-1 and 4-2, respectively. 

From Table 4-4, it can be seen that the typical degassing vent control 

system has an estimated installed capital cost of $3,700 and a total.annualized 

cost of Sl,200. These costs are based on the emissions being piped to an ex­

isting heater fire box with no credit allowed for the fuel value of the voe. 
Recovered fuel credits would, of course, reduce the total annualized cost of 

control. Alternately, the voe E!lflissiOns may be piped to an existing flare 

system at slightly lower expected control costs; however, there will be no 

recovery of the fuel value. 
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Table 4-4. COST.ESTIMATES OF nPICAL SEAL OIL RESERVOIR 
DE&ASSIN8 VENT CONTROL SYSTEM 

Installed Capital Cost (SOOO)a 3.7 

Annualized Capital Charges (SOOO)b 0.8 

Annual Operating and Maintenance Costs (SOOO)c 0.4 

Total Annualized Costs ($000)d,e 1.2 

'References 14, 15, and 16. 
bCapital recovery costs (using capital recovery factor with lOI rnnual 
interest rate ind 10 year replacement .lif\!) plus 4• of capital .:''ISt 
for property taxes and insurance. 

cReferences 15 and 16 and EPA estimates. 
dTotal Annualized Costs are the sum of Annualized Capital Char-ges and 
Annual Operating and Maintenance Costs. 

eCredits for fuel value of recovered voe are ~ included in these costs. 
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4.3 COST-EFFECTIVENESS 

Since •ission reduction factors are not presently quantifilble, recovered 

product credits (savings) cannot be calculated and cost effectiveness measures, 

such as S per Mg, have not been determined. However, asswn1ng that the re­

covered (saved) product value is $150/Mg*, 1t would require an emission reduc­

tion of about 767 Mg per year for the total value of recovered product to be, 

equal to the total annualized cost of the monitoring and maintenance program. 

In this special case, the cost effectiveness would be $0.0 per Mg of reduced 

emissions. Thus, an emission reduction- greater than 767 Mg/year will result 

in a net credit (savings) while an emission reduction less than 767 Mg/year 

will be a net cost. 

A siq>le three-step procedure is presented below that may be used to 

determine recovered product credits and cost effectiveness ratios of the 

monitoring and maintenance program when new refinery emission fac_tors become 

available. This procedure is illustrated for a hypothetical emission r.educ­

tion of 500 Mg/year for the model refinery. 

Step 1: 

Annua.1 Product Recovery Credits = (Annual Emission Reduction) x 

(Recovered Product Value) = (500 Mg/yr) ($150/Mg) = $75,000/yr. 
I 

Step 2: 

Total Annualized Cost • $115,000 - (Annual Product Recovery Credits) • 

$115,000 - $75,000 = $40,000 

Step 3: 

Cost Effectiveness • tTotal Annualized i;sM • ~ • SSO/Mg . Aiinua1 Ei1ss1on k u 1on) ~ 
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The cost-effectiveness of each seal oil reservoir degassing vent control 

s11tlll will vary with the particular situation. so quantitative C-E values 

c-..ot be presented in this guideline. But, whether or not such a control 

system ts used should be based on an analysis that takes into account the 

potential an1ss1on reduction and the cost and technical feas1b111ty of 

bringing the source into canpliance with the concentration limitation. · 
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5.0 EFFECTS OF APPLYING THE TECHNOLOGY 

The i11P1cts of the monitoring and maintenance program on air 

pollution, water pollution, solid waste and energy are discussed in 

this chapter. 

5.1 I .. ACT OF A MONITORING AND MAINTENANCE PROGRAM ON voe EMISSIONS 

Esti•ted volatile organic COll(>OUnd (VOC) anissions frm equipment 

leaks in petroleum refineries are 170,000 metric tons per year. This 

represents almost one percent of the total nationwide voe emissions from 

stationary sources.1 This estimite is based on existing AP-42 •ission 

factors for leak sources of 174 kilogrlllS per thou~and cubic meters of 

refinery throughput2 and 1977 industry throughput of 2.69 million cubic 

meters per day. 3 As discussed in Chapter 2.0, the AP-42 emission faetors 

are based on 20 year old data. · Ell1ss1on factors for petroleum refinery 

equipment leaks are presently being updated, and preliminary data show 

the total leak anissfon rate is greater than AP-42 ind.icates. 4 In order 

to avoid confusion that occurs when new •ission factors are published 

based on old or limited data, no attempt has been •de to quantify the 

anission reduction associated wtth a llOllttortng and maintenance progra111. 

Rather, we wtll rely on the results of studies presently underway to 

·define total •fss1ons and ·an1ss1on reductions at sc. future date. 
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5.2 OTHER ENVIRONMENTAL IMPACTS 

EPA has examined the impacts of applying th~ control technology 

to petroleum refineries and has detennined that there are no significant 

adverse effects on other air pollution, water pollution, or solid waste. 

Ther~ will be a very small energy r~uirement for monitoring instnm1ents 

and equipnent repairs. This requiranent will be more than offset by 

energy savings realized through product recovery when leaks are located 

and repaired. 

5.3. REFERENCES 

1. "National Air Quality and Emission Trends Report 1975. 11 

Envfronnental Protection Agency, OAQPS, MDAD-MRB, Research Triangle 

Park, N.C., EPA-450/1-76-002, November, 1976. 

2. "Revision of Evaporative Hydrocarbon Emission Factors," 

EPA Report No. 450/3-76-039, August, 1976. 

3. Cantrell, A, Annual Refining Survey. The Oil and Gas Journal, 

75(13): 97-123, March 28, 1977. 

4. "AssesS111ent of Environnentil Emissions From 011 Refining," 

Radian Corporation, EPA Contract No. 68-02-2665. in progress, March, 1976, 

to March, 1979. 
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6.0 ENFORCEMENT ASPECTS 

The purpose of this chapter is to define facilities to which regulations 

will apply, to select approprio.te regulatory fonnat and .-to recomnend compliance 

and monitoring techniques. 

6.1 AFFECTED FACILITY 

In fon111lating regulations it is suggested that the ~ffected facility 

be defined as each individual source within a petrole~m refinery complex. 

A petroleum refinery complex is defined as any facility engaged in producing 

gasoline, aranatics, kerosene, distillate fuel ofls, residual fuel oils, 

lubricants, asphalt, or other products through distillation of petroleum or 

through redistillat1on, cracking, rearrangement or refonning of unfinished 
. ' 

petroleum derivatives. The affected facilities are each individual source that 

could potentially leak volatile organic compounds (VOC) to atmosphere. These 

sources fnclLJde, but are not limited to, pump seals, compressor seals, seal oil 

degassing vents, pipeline valves, flanges and other connections, pressure relief 

devices, process drains, and open ended pipes. 

6.2 FORMAT OF REGULATION 

Regulations limiting emissions from refinery equipnent leaks should 

state that when any affected facility (component) within the petroleum refinery 

complex is found to be leaking, the refinery operator should make every 

reasonable effort to repair the leak within fifteen (15) days. A leaking 

colllponent is defined as one which has a voe concentration exceeding 10,000 parts 

per million (ppn) when tested in the manner described in Appendix B. L~aks 
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detected by either the refinery operator.or the air pollution control agency 
\ . 

Would be subject to these· gu1•11nes. Reccmnended monitoring requ1,...nts for 
/ . . . . 

the refinery operators are presented 1n Section 6.3. In addition to the 

concentration limit, regulations should specify that any time a valve is 

located at the end of a pipe or line containing voe, the end of the line 

should be sealed with a second valve, a blind flange, a plug or a cap. 

This sealing device may be removed only when the line is in use, 1.e. when 

a sample is being taken. This reconmendation does not apply to safety 

pressure relief valves. 

6.3 CCll>LIANCE AND MONITORING 

The following sections outline suggested procedures petrolet111 refinery 

operators and air pollution control agencies should follow to 

control voe leakage fr(lll refinery equipment. 

6.3.1 Monitoring Reguiranents 

In order to ensure that all existing leaks are identified and that neW 

leaks are located as soon as possible, the refinery operator sh9uld perform 
l ' 

canponent monitoring using the method described in Appendix B as follows: 

1. Monitor with a portable voe detection device one time pe.r 

year (annually): pgnp seals 

pipeline valves in liquid service 

process drains 

2. Monitor with a portable voe detection device four times per 

year (quarterly): compressor seals 

pipeline valves in gas service 

pressure relief valves in gas lervice 

6-2 



3. Monitor visually fifty-two (52) times per year (weekly): 

pmp seals 

4. No individual monitoring necessary: 

pipeline flanges 

pressure relief valves in liquid service 

For the purposes of this documenti gas service for pipeline valves 

and pressure relief valves is defined as the voe being gaseous at 

conditions that prevail tn the COllPOnent during normal operations. 

These components should be marked or noted in some way so that their 

location ts readily obvious to both the refinery operator performing 

the monitoring and the air pollution control officer. Whenever liquids 

are observed dripping from a pump seal, the seal should be checked 

illllediately with a portable voe detector to determine if a leak is 

present, i.e., a concentration over 10,000 ppm. If so, the leak should 

be repaired within 15 days. In addition, whenever a relief valve vents 

to atmosphere, the operator again has fifteen (15) days to monitor and 

repair any leak that occurs. Finally, pressure relief devices which are 

tied in to either a flare header or vapor recovery should be exempted from 

the monitoring requirements. 

6.3.2 Recording Requirements 

When a leak is located, a weatherproof and readily visible tag bearing 

an I. D. nUIDber and the date the le4k is located should be affixed to the 

leaking component. The pre·sence of the leak should also be noted on a suney 

log similar to the one shown in Figure 6-1. When the leak 1s repaired, the 

remaininq portions of the survey log (Figure 6·1) should be completed and 

the tag discarded. The operator should retain the survey log for two years 

after the inspection is completed. 
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1.3.3 Repgrting Reguirlll'llftts 

After uch quarterl1110nitor1ng "41 been perfol'MCI (llldtM annual), 

the refinery oper-tor should submit a report to the air pollution control 

officer listing all leaks that were located but not repaired within the 

fifteen (15) day limit. A s•ple report is shown in Fiqure 6-2. In 

addition to submittir.g the report, the refinery operator should submit 

a signed statement attesting to the fact that all monitoring has been 

perfonned as stipulated in their control plan. 

6.3.4 Other Considerations 

Presently, there is little information available on the amount of 

monitoring necessary to ensure that leaks are kept to a reasonable 

limit. Considering this shortcaning, regulations that are written 

should allow.for modifications in the monitoring schedule where it is 

proven to be either inadequate or-excessive. If, after over one year 

of monitoring, i.e., at least two complete annual checks, the refinery 

operator feels that modifications of the requirements are in order, he may 

request in writing to the air pollution control officer that a revision 

be made. The submittal should include data that have been developed to 

justify any modifications in the monitoring schedule. On the other 

hand, if the air pollution control officer finds an excessive number of 

leaks during an inspection, or if the refinery operator found an excessive 

number of leaks in ~ny given area during scheduled monitoring., the ai.r 

pollution control officer should increase the frequency of inspections for 

that. part of the facility. 

The refinery operator should not be restrained from adopting alternative 

monitoring 111ethods if these methods are shown to be equivalent to 

those presented here. An example would be substituting walkthrough 
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monitoring (as described tn Appendix B) for the quarterly individual gas 

service valve 1110nttortng. In order to.apply for such a mod1f1catfon. the 

refinery operator should establish a voe concentration •action level 11 

and doc111ent its effectiveness at locating leaks. Other alternative 

110n1tor1ng methods such as using soap solution to detect leaks from 

"cool" canponents may be used if the refinery operator can develop a 

data base to prove equivalence with the reconmended procedure, t.e. a 

concentration l1m1t of 10,000 p ... 

It is anticipated that in most cases.a leaking component will be able 

to be brought into compliance with the 10,000 ppm concentration limit 

(repaired) with a minil'llll\ of effort. There are sources, however, that may 

need to be isolated from the process in order to be repaired. This procedure 

may be difficult for some equipment, especially compressors that do not have 

spares and.valves that cannot be isolated. For these and possibly other 

sources, it may be necessary to have a partial or comple~e unit shutdown 

to repair the leak. Since a unit shutdo.- ""'Y create more emissions than 

the repair eliminates, these sources need not be repaired until the 

necessary shutdown occurs, such as a scheduled unit turnaround. 

In certain instances, more than simple or unit shutdown repairs will 

be necessary to bring a leaking component into compliance. This can 

be true for some pump or compressor seals or for drain systems. It may 

be necessary to modify or replace the whole pump or compressor seal system 

or to modify the underground drain pipes. One example of this is when a dual 

sealing $Jstem is used for pumps or compressors. A seal oil ts flushed 

between the two seals creating a potential for voe emissions if the seal 

oil reservoir is degassed to ataM>sphere. If such a system is used, instead 
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of 110nitorinq the voe concentration of the double seal, the refinery 

operator should 1110nitor the seal oil reservoir degassing vent to 

deten11ne if it ii over the 10,000 ppm concentration 11•1t. This source 

Cln be controlled by v•ting to a firebox or to the flare header. 

Sources such as this. where the leak cannot be repaired by 1111ni.tance 
' or equi1111111t changeout. should be addressed individually by the 

air pollution control agency, taking into account both the potential 

•1ss1on reduction and the cost and technical.feasibility of bringing 

such a source into complian~e with the concentration limit. 
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FIGURE 6-1. Ex•ple Monitoring Survey Log Sheet 
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FIGURE 6-2. Example Refinery Leak Report 



APPENDIX A - EMISSION SOURCE TEST DATA 

The purpose of Appendix A is to sinnarize and discuss source tests 

that were conducted by EPA to define the present leak status of petrollllll 

refineries in the United States. EPA performed source tests at two 

Los Angeles, California, area refineries during February 1971; a Houston, 

Texas, area refinery in October. 1977; and a New Orleans. Louisiana, area 

refinery in Novelllber, 1977. Refineries A, C and Dare integrated 

refineries that produce a wide variety of products. Refinery B is a 

crude topping and asphalt producing refinery. The following sections give 

a brief description of the units tested in the refineries and conditions 

that existed during the tests. Overall results are s1111111rized in Table A-1 

and the individual results are shown in Tables A-2 through A-5. The hydro­

carbon concentrations that are reported are the maxinum concentrations that 

were found at a distance of 5 centimeters from each individual leak source. 

All tests were perfonned with a Century Systaas OVA-108 instnment. 

A.1 REFINERY A 

Refinery A ts a medium sized integrated refi.nery owned by a 111jor on 

company. Units suneyed 1n Refinery A included a cooling tower, a delayed 

coker, three wastewater separators, the tank farm, a superfractionation 

unit, an atmospheric distillation unit, a vaculll distillation unit, a fluid 

catalytic cracking (FCC) unit and the FCC gas plant. All units were operating 

normally throughout the testing except for the desalter tn the atmospheric 
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dtsttllatton untt. l11PNP9r oil-water separation caused elevated hydrocarbon 

concentrattons tn the proc111 dratns. In a few untts there wesalarge 

hydrocarbon cloud downwind fro11 pumps that hid mechanical seal failures. 

Thts lllde tt i111POsstble to survey the pu1p1 and associated equi ... nt 
-
in such an area. A s .... ry of results of CCJlllPOnent testing at Refinery A is 

shown in Table A-2. 

A.2 REFINERY B 

Refinery B ts a s11111. independently owned crude topping refinery. All 

of the operating equipment in the refinery was survey84:1, including the·equipment 

associated with their atmospheric and vacuum distillation units. Most of the 

pumps in the refinery have dual mechanical seals with a barrier fluid so 

very few had detectable leaks. Results of Refinery B testing are shown in 

Table A-3. 

A.3 REFINERY C 

Refinery C is a large, major integrated petroleum refinery. Many units 

in Refinery C were surveyed, including two wastewater separators. a distillate 

desulfurizer, an aromatics recovery unit, a crude atmospheric and vacut.111 

distillation unit, a fluid catalytic cracking unit, a hydrocracker, two 

reformers and the tank fann. All of the units were operating normally when 

the surveys were perfonned. The test results are sun1111rf zed f n Table A-4. 

A.4 REFINERY D 

Refinery D 1s a fairly large integrated refinery. It is a recently 

bu11 t grassroots refinery and is owned by one of the major oil c0111panies. 

Only two units were surveyed in Refinery D; the aromatics recovery unit and 
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TABLE A • 1 

Ea1ss1on Source 

Pump Seals 

~SOI' Seals 

Block Valves 

Control Valves 

Open-Ended Valves c 

Drains 

Pressure Relief Devices 

•" 

SUMMARY OF RESULTS OF FOUR EPA TESTS 

Number of 
Sources Tested 

482 

15 

940 

287 

431 

367 

15 a 

a Not a representative sample of refinery units 

b voe concentration over 1000 ppm measured at·S centimeters from 
the source. (Equivalent to 10.000 ppm at the source - see Chapter 2.) 

c Including bleed valves and sample connections , 

A-4 

Percent b 
Leeking 

13 

7 

6 

7 

12 

6 

0 



TABLE A - 4 

, Ellf ssfon Source 

,_., Seals 

·Cmipressor Seals 

Block Valves 

Control Valves 

Open-Ended Valvesb 

Drains 

Pressure Relief Devices 

= 

SUflWtY Of REFINERY C TESTING 

rttllber of 
Sources Tested 

327 

12 

601 

198 

36 

279 

a voe concentration over 1000 p.- measured at 5 centimeters from 
the source. (Equivalent to 10,000 ppm at·the source - see Chapter 2.) 

b Including bleed valves and sample connections 

A-7 

Percent a 
Leaking 

16 

0 

3 

8 

0 

5 



TABLE A - 5 

Ell1ss1on Source 

Pmlp Seals. 

. CGllpwessor Seals 

Block Valves 

Control Valves 

Open-Ended Valves c 

Drains 

Pressure Relief Devices 

--

SUMMARY OF REFINERY D TESTING 

rt.11nber of 
Sources Tested 

43 

1 

142 

61 

3b 

24 

a voe concentration over 1000 ppm ineasured at 5 centimeters from 
the source. (Equivalent to 10,000 ppm at the source - see Chapter 2.) 

b Not a representative sample 
c Including bleed valves and sample connections. 

A-8 

Percent a 
Leaking 

16 

0 

13 

3 

67 

15 



APPENDIX B 

DETECTION OF voe LEAKS FROM PETROLEUM REFINERY EQUIPMENT 

B. 1 ItffRODUCTION 

This test method describes the procedures used to detect volatile organic 

compound (VOC) leaks from petroleum refinery equipment. A portable test 

instra.nent is used to survey individual equipment leak sources. The specifi­

cations and performance criteria for the test instra.nent are included. Also 

included is a description of an alternative walkthrough procedure that may 

be used if the refinery owner or operator demonstrates that the procedure is 

effective for locating individual equipment leaks. 

8.2 APPARATUS 

B.2.1 Monitoring Instrument 

The VOC detection instrument used in this procedure may be of any type 

that is designed to respond to total hydrocarbons or combustible gases. The 

instrument must incorporate an appropriate range option so that source levels 

(10,000 ppm) can be measured. The instruinent shall ~e equipped with a pump 

so that a continuous sample is provided to the detector. The instrument meter 

readout shall be such that the scale can be read to ! 5 percent at 10.000 ppmv. 

The instrument.must be capable of achieving the performance criteria given 

in Table B.1. The definitions and evaluation procedures for each parameter 

are given in Section B.4. 
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Table B.1. Monitoring Instrument Perfol'lllftce Criteria 

Par-ter Specification 

1. Zero drift (2-hour) < 
• 5 PPllV 

2. Calibration drift (2-hour) < - 51 of the calibration gas value 

3. Calibration error < • 51 of the calibration gas value 

4. Response time < - 5 seconds 

The instnanent must be subjected to the performance evaluation test prior 

to being placed in service and every 6 months thereafter. The performance 

evaluation test is also required after any modification or replacement of the 

fnstnm1ent detector. 

B.2.2 Calibration Gases 

The voe detection instrument is calibrated so that the meter readout 

is in tenns of parts per million by volume (ppmv) hexane. The calibration 

gases required for 110nitor1ng and instrument performance evaluation are a 

zero gas (air, < 3 ppmv hexane) and a hexane in air mixture of about 10,000 ppmv. 

If cylinder calibration gas mixtures are used, they must be analyzed and 
+ certified by the manufacturer to be within - 2 percent accuracy. Calibration 

gases may be prepared by the user accorcl1ng to any accepted ga~eous standards 
. . + 

preparation procedure that will yield a mixture accurate to within - 2 percent. 

Alternative calibration gas species may be used in place of hexane if a 

relative response factor for each instr1111ent b determined so that calibra­

tions with the altern•tive species may be expressed as hexane equivalents on 

the •ter readout. 

B. 3 PROCEDURES 

B.3.1 Ca11brltion 

Assemble and. start up the voe analyzer and recorder according to the 

manufactUJ"er's instructions. After the appropriate wal'D.lp period and zero or 
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internal calibration procedure, introduce the 10,000 ppmv hexane or hexane 

equivalent calibration gas 1nto the instrument sample probe. Adjust the 

instr.-nt meter readout and chart recorder to correspond to the ca.libration 

gas value. 

B.3.2 Individual Source Surve.YS 

Place the instrument sample probe inlet at the surface of the component 

interface where leakage could occur. During sample collection, the probe 

should be moved along the interface surface with spedal emphasis placed on 

positioning the probe inlet at the local upwind and downwind side of the 

cQ111POnent interface. If a concentration reading in excess of 10,000 ppmv 

·15 observed, record the date, time, and equipment identification. This general 

technique 1s applied to specific types of equipment leak sources as follows: 

B.3.2.1 Valves -.The most connon source of leaks from block (glove, plug, 

gate, ball, etc.) and control valves is at the seal between the stem and 

housing. The probe should be placed at the interface where the stem exits 

the seal and sampling should be conducted on all sides of the stem. For 

valves where the housing is a multipart assembly, or where leaks can occur 

from points other than the stem seal, these sources should also be surveyed 

with the probe inlet moved along the surface of the interface. 

B.2.2.2 Flanges and other connections - For welded flanges• the probe should 

be placed at the outer edge of the flange-gasket interface and samples 

collected around the circumference of the flange. For other types of non­

permanent joints such as threaded connections, a similar traverse is conducted 

at the component interface. 

B.3.2.3 PU!ps and compressors - A circumferent;a1 traverse 1s conducted at 

the outer surface of the Pump or compressor shaft and housing seal interface. 

In cases where the instrument probe cannot be placed in contact with a· 
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rotating shaft, the probe inlet 111st be placed within one centt•ter.of the 
.· . ··. . i . .. . 

shaft-seal interface. In:ttaose.cases where the-housing conftgupatton of the 

PUlllP or compressor prevents the complete traversing of the seal 1)eriphery, al 1 

accessible por.tions of the shaft seal should be probed. All, other joints where 

leakage could occur shall also be sampled with the probe inlet placed at the 

surface of the interface. For pumps or compressors using sealing oil, the 

vent from the seal oil reservoir shall.be sampled by placing the probe inlet 

at approximately the centroid of the vent area to atmosphere. 

B.3.2.4 Pressure relief .devices - The physical configuration of most pressure 

relief devices prevents sampling at the sealing surface interface. However. 

most devices are equipped with an enclosed extension. or horn. For this type 

device, the probe inlet is placed at approximately the centroid of the exhaust 

area to atmosphere. 

B.3.2.5 Process drains - For open process drains. the sample probe inlet 

shall be placed at approximately the centroid of the area open to the atmos­

phere. For covered drains. the probe should be placed at the surface of the 

cover interface and a circumferential traverse shall be conducted. 

B.3.2.6 Open-ended valves - Leakage from open-ended valves such as sample 

taps or drain lines shall be detected by placing the probe inlet at approxi­

mately the centroid of the uncapped cpening to atmosphere. 

B.4 INSTRUMENT PERFORMANCE EVALUATION PROCEDURES 

B.4.1 Definitions 

Zero drift - The change in the instrument meter readout over a stated 

period of time of nonnal continuous operation when t"8 voe concentration at 

the time of measurement is zero. 
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Cfl.~-~·t;~°" Drtft - The change tn the tnstr'8ent •ter read~t over a 

stated period of t1• of -norul eotJtinuous operation .tten the voe concentra-
~ . 

tton at the tt .. of 1111asure.ent ts the saie known upscale value. 

Calibration Error - The difference between the voe concentration indi· 

cated by the •ter readout and the known concentration of a test gas mixture •. 

Response Time·~ The time interval from a step change in voe concentration 

at the input of the sampling system to the time at which 95 percent of the 

corresponding final value is reached as displayed on the instrument readout 

•ter. 
8.4.2 Evaluation Procedures 

At the beginning of the instrument performance evaluation test, assemble 

and start up the instra.anent according to the manufacturer's instructions for 

reconnended wannup period and preliminary adjustments. 

8.4.2.1 Zero and calibration drift test - Calibrate the instrument per the 

manufacturer's instructions using zero gas and a calibration gas representing 

about 10,000 ppmv. Record the time, zero, and calibration gas readings 

(example data sheet sh~ in Figure B.1). After 2 hours of continuous opera­

tion, introduce zero and calibration gases to the instrument. Record the 

zero and calibration gas meter readings. Repeat for three additional 2-hour 

periods. 

8.4.2.2 Calibration error test - Make a total of nine measurements by 

alternately using zero gas and a calibration gas mixture corresponding to 

about 10,000 ppmy. Record the meter readings (example data sheet shown in 

Figure 8.2). 

B.4.2.3 Response t1111 te't procedure - Introduce zero gas into the instrument 

s1111>le probe. When the meter reading has stab111zed, switch quickly to the 

101000 PlllV calibration gas. Measure the time frGlll concentration switch1ng 
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to 15 ~rcent of final stlble reading. Perfonn this test sequence three (3) 

times and record the results (example data sheet given in Figure B.3). 
. . 

B.4.2.4 The calibration error test and the response time test may be per­

f~rmed during the zero and calibration drift test. 

B.4.3 Calculations 

All results are eipressed as mean values. calcu1ated by: 

1 - . -x n 

where: 

xi = value of the measurements 

t = sum of the individual values 

i = mean value 

n = number of data points 

The ~pecific calculations for each performance parameter are indicated on 

the· respective example data sheet given in Figures B.1. B.2. and 8.3. 

(NOTE: The example data sheets are constructed so that performance criteria 

tests can be condur.ted on 10,000 ppmv levels and a low level (<100 ppmv) 

gas. For the purposes of the individual source surveys. use only the 

portions identified as "high calibration.") 
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Instr&111ent ID: ------ Calibration Gas Data: Low PPlltY High PPllY 

Zero Zero Low Ca11bt,'ation Low Calibration . High C1lfbratton High C•ltbratton 
Date and Time Reading Drift . Gas Reading Drift Gas Reading Drift 

Start 
1. 

2. 

3. 

4. ' 

I 
raii 

I Zero " I Mean ( 1) 
Value: Drtft • ppmv 

Ca11brat1on Drift • •an ciltbration drift x. 100 • Low s High ·s cah6rat1on gas va1ue 

(l)Absolute Value 

Figure B.1. .Zero and Calibration Drift Detenntnation 



Clltbratton Gas Mixture Data 

Low ppm.· Htgh ppm 

Run ca11brat1on Gas . " lnstnmnt Meter D1fference~ 1 ) 
No. Concentration, ppn ·Reading, ,P. ppm 

1. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

9. 

J.mf High 

Mean D1 ff ere.nee 

Mean D1fference<2> 
calibration Error • Calibration Gas Concentration x lOO 

1Efl1ibr1tion Gas Concentration - Instrwnent Reading 

'2>Absolute Value 

Figure B. 2.. Calibration Error Determination 



Calibration Gas Concentration ------

951 Response Time: 

1. Seconds 

2. Seconds 

3. Seconds 

Mean Response T1• __ Seconds 

Figure B.3. Response Time Determination 
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B.S ALTERNATIVE UNIT AREA SURVEYS 

B.5.1 Introduction 

In this procedure, a process unit area is surv8J8Cf with a portable voe 
detector to determine if there is an increased local ,..,ient voe coracentration 

in the equipnent area. The unit area walkthrough should be planned so that 

the unit perimeter and all ground lever equipment is suryeyed. The w1lkthrough 

must include ambient voe measurements at a distance of about one meter upwind 

and dow°nw1nd of all PWPP rows and control valves. In order to simplify da~a 

recording and subsequent data review, a planned walkthrough path with codes 

for location idenfification is recOlllllended. 

8.5.2 Apparatus 

8.5.2.1 Monitoring ihstrument - The voe detection instrument used mst conform 

to the specifications and performance specifications given in B.2.1 except 

that a measurement range must be available for accurately measuring ambient 

· VOC levels (usually less than 100 ppmv). The minimum detectable voe concen­

tration 111st be 2 ppmv hexane or less. Also, the instrument 1111st be equipped 

with a portable strip chart recorder so that a pennan~nt record of the walk­

through survey can be retained. 

B.5.2.2 Calibration gases - The specifications 'for the calibration gases 

required are given in B.2.2, except that the calibration mixture must be 

approximately the same concentration as the chosen action level that indicates 

a leak in the area. 

B.5.2.3 prgc;eclure1 - Prior to the start of the walkthrough, record the date, 

time, origination point, and approximate wind speed and direction in the unit 

area. Begin the walkthrough and record location identifications d~ring the 

course of the survey. Make two complete traverses along the walkthrough path 

to complete the survey. If an elevated voe concentration is observed, · 
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specifically identify the location on the chart record. After completion of 

the walkthrough survey, record the time and local wind conditions. 

B.5.2.4 Data ev1lu1tion - Compare the results obtained during each of the 

two traverses through the unit area by observing tf1e strip chart records. 

Using the ambient voe concentration upwind l\f the Uf\i.t area as a basis, identify 

the locations where elevated voe concentrations were observed on both traver.ses 

Use the prevailing local wind condition information to locate the possible 

sources of voe leakage and use the procedures given in B.3.2 to determine if 

a leak is present. For those cases where an increased VOC concentration is 

observed in a specific location on one traverse, but not on the other, repeat 

the ambient measurements in that general location. lf increased voe levels 

are again observed, use the procedures in B.3.2 to locate the leak source. 

lf a repetition of an iPcreased voe level cannot' be obtained. or if shifts in 

the location.of elevated voe concentrations during traverse repetitions can­

not be explained by varying wind direction or speed. treat these as transient 

conditions and exclude these areas from individual leak source surveys 

rE!quired above. 

B.5.2.5 Instrument performance evaluation procedures - The voe instrument 

evaluation procedures are the same as those given in B.4 for source level voe 

detection instruments except that the calibration test concentrations must be 

in the range eJpected during ambient surveys. The example data sheets in 
' ' 

Figures B.1, B.2, and B.3 include provisions for evaluation of ambient 

level voe detectors. For those cases 'Where a single detector is used for 

both source and ambient (walkthrough) surveys, the performance evaluations 

can.be performed at the same time. 
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APPENDIX C 

C.1 MCltlTORING AND MAINTENANCE MANPOWER REQUIREMENTS 

Table C-1 shows esti•ted annual 111npower requiranents for 

monitoring in the llOdel 15.900 cubic •ter per day refinery. These 

esti•tes are based on data supplied by industry.1 EPA est1•tes, and 

the monitoring gutdelf nes presented in Section 6-3. For the purposes 

of thes.e esti•tes only, ft is ass..- ~hat these surveys wfll generally 

be performed by two people--one operating the voe detection instnmnt 

and the other recording the results.2 The visual inspections are ass.-cl 

to be performd by one person. I~ is shown that the total direct labor 

requf ranent for performing monitoring inspections in the lllOdel refinery 

is 1800 •nhours per year, of which almost 1000 manhours were spent on 

the C011Plete annual inspection~ Actual complete component testing by a 

contractor in a 1110re canplexbut similarly sized refinery took 936 •nhours 

to perform. 3 

When a leak 1s detected during the required monitoring. the leaking 

CCJlllPOnent RISt then be repaired to reduce VOC 91iSSionS to atmosphere. · 

Table C-2 was developed to esti111te lllnpcMer require11ents for maintenance 

using the percent of sources that leak fraa Table 3-1 and the nllllber of 

sources fran industry esti111tes. 4 In this analysis it is assumed that an 

additional ten percent of the initial leaks will be found eaCh quarter 

during ongoing gas service CQllPOnent monitoring. Manpower requirements 
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for •intenance of each source were approx1•ted by a ref1n1ng.cG11Pany5 

and the State of California Air Resources Board. 6 · As shown in Table C-2, 

the total annual direct labor requirement for repairing leaks is 3,800 

•nhours. 

It should be noted that this estimate is for the~x1 .. maintenance 

requirements and will probably be realized only during the first year that 

the 1110nitoring and •intenance progr• is in effect. Ass1111ing that 

refinery equipment was properly specified and installed, leaks (especially 

in valves) are usually the result of insufficient leak detection and 

•intenance. Once these leaks are identified and repaired, fewer leaks 

will be detected during subsequent inspections. This should result in 

IUCh 1Cllfer maintenance manpower requirements for follawing years. 
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TABLE C-1. ANNUAL QITORING MANPOWER REQUIREMENTS FOR MODEL 15,900 CUBIC METER PER MY REFIIERY 

SOURCE . 

'- Seals 

Compressor 
Seals 

Pipeline Valves 
Liquid Service 
Gas Service 

.'. 

Nllllber.of8 Sources 

250 

14 

25,500 
19,500 b 
6,000 b 

Type of 
Monitoring 

Instr.-nt 
Visual 
Instrllllerlt 

Inst,,_,.t 
InstM11ent 

Esti•ted TfM 
Required to a 
to Monf tor 
(•fnutes) 

5 
0.5 

10 

1 
1 

Nullber of Tf1111 Annul 1 Total 
Monitored 
per Year d 

11anpc.er 
.,uf..-.t f 

hours) 

1 42. 

52 1089 
4 18 

1 650 

4 800 

~ Process Drains ·.1,400 Inst,,_,t 1 1 46 

Pressure Re 11 ef 130 c Instrument 8 4e 138 
Devices 

Pipeline Flanges 04,000 None - - __J 
TOTAL 1800 

' 

a Based on industry (R.terence 1) and EPA estimates 
b Based on Joint Study (Reference 7) estimate of 23.6 percent of refinery valves being in gas service 
c Pressure re11ef ~vtces tn gas service venting to atlllosphere 
d Monitoring requh •••nts frma Section 6-3 
e In additfon, pressure relief devfces will need to be monitored whertever they vent to atllOSphere 
f Except as noted, ·total . ....,.., .requira1ents for these estimates are assl8ed to be based on two person 

, telllS perfOl'lling the tl0ftftor1ng . 

g One person perrorms visual fnspectfons 



TABLE C-2. ANNUAL MAINTENANCE MANPOWER REcilIREMENTS FOR fll)DEL 
.15,900 CUBIC tl:TER PER DAY REFINERY 

Source 
Nllllber of' Estimated Nl.mber b 

· Sources of Leaks Det~ted 
Per Year 

P&llp Seals 250 
Compressor 14 

Seals 
Pipeline 25,500 

Valves 
Process 1 ,400 
. Drains 
Pressure 130 

Re11ef 
Valves 

Pipeline 64,000 
nanges 

30 
2 

1640 

84 

34 

. Average Repair a,d 
Time 

(hours) 

80 
40 

0.6e 

TOTAL 

a Based on industry. (Reference 1) and EPA estimates 

Total Annu~l 
Manpower· 

Requi..-nt 
(hours) 

2400 
80 

984 

336 

0 

3800 

b Based on Table 3-1 and ten percent of initial leak recurrence rate for 
quarterly inspections 

c No •nitoring performd 
d This esti•te includes time for rechecking the canponent after maintenance 

is performed 
e Weighted average repair time with ten percent of leaks isolated and repaired 

(Reference 1) at a cost of 4 manhours, and the re111•ning 90 percent tightened 
or greased on-line at a cost of 0.17 manhours (Reference 6) 

f These leaks repaired by routine •intenance at no incremental increase in 
manpower requtre11ents (Reference 1) 
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