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SUMMARY
'~This report discusses the problems associated with the determination of
combustion efficiencies of elevated industrial flares. Such flares are primarily
used to sately dispose of infrequent releases of large quantities of combustible
gases during emergency or process upset conditions. In addition, flares are.

used on a continuous or semi-continuous Tow flow basis, which is the focus of the
-present Study.

_There are numerous practical d1ff1cu1t1es assoc1ated with making measure-
'ments on full scale, operational flares. Consequent]y, meaningful, cost-
'effective efficiency measurements must be deveToped on pilot scale flares. An
experimental program has been formulated using several flare sizes and which will
evaluzte the flare process and the operationalfparamefers controlling oclliutant
formztion in‘fTare flames. The data obtained from this experimentz]l r\mcr'*am
will be capable of extrapolaticn tc Ffull scale and therefore wiil allow an
accurzte estimate of pollutant emissions from industrial flares. An esseniial
facter in the experimental plan is an understanding of combustion system scaling
which will &llow the extrapolation from pilot to full scale.

1.1 Pollutant Emissions from Flares

_ h flare is a device which allows the economic safe disposal of waste gases
by combusting them. The waste Gases are injected into the open air through a
tip which is designed to promote entrzinment of the ambient air and provide &
stabie Tlazme with a wide range of throughputs in hich cross-winds. In crder to
reducs viame radiation at ground level, the flare tip must be elevated and its
height will be dependent upon flame size (i.e., flare throughout). IT the
waste gas hes too low & heating value fo sustain a flame, zuxiiiery fuel may be

'added. Smail flares may utilize fans to provide some air premixing before

_1n3ec;10n. but most large flares are natural draft with optional steam irjection
-3L0 pr0m0t9 *uel air mixing. Fiares are used extensively fo burn purged and
”fwaste'proaucus Trom ref1ner1es, excess production from oil wells, vented ges

"ffrom blast TJrnafes, unused gas from coke ovens and gasepus wastes from the

chemiczl indusiry.

“An estimated 16M tons/yr of cas may be flared in the U.S.  The amount
“is difficuit tc estimate because throughouts fluctuate widely with time znd

-are seidom measured. The normal, time-average -throughput is in the range cf



‘zere to £ percéhf of design capacity, which is exceeded only during emergencies
or-upSets. The f1ared gases fall into three categories (Klett & Galeski, 1976):

- Low heat1ng va]ue ges produced in blast furnaces which account for
60 percent of the weight and 19 percent of the heating value of the
estimated annual flared gases;

- Medium heating value gases produced in coke ovens and in the petro-
chemical industry;

- High heating value gases flared in refineries which account for 18
percent of the weight and 32 percent of the heat1ng value of the
estimated annual flared gases.

Pellutant emissions from flares result from a failure to completely combust
zred gases. The pollutant species are normally carbon monoxide, hydro-
cercen end scot, and totzl emissions are assessed based upon an estimate of

flare efficiency. The efficiency of combustion of aflare, which is a measure.

ct its &bility te destroy the flaredoas, is difficult to measure, and consequently
estimates of pollutant emission indices vary. Estimates of flare efficiencies
very widely, some are very high, in excess of 99 percent, whereas cthers range

as Jow as 70 percent (T.A. - Luft 1974) leading to the conclusion that emission
Tactors are unknown. If flares were 20 percent efficient, then emissicns of
carbon monoxide and hydrocarbons would be approximately 12 percent of those
amitiec by all stationary sources. More important are the contributions sf
Tieres zs locazlized sources because of their concentration in refineries and

221 ziants where they could be among the most significaht sources of

rutents 17 the efficiencies are relatively low.

IT cen only be concluded that pollutani emissions from elevated flares

are unknown. This is due o & combination of uncertzinties in the quantity
©0f gases being flared and their composition together with the uncertainties
'_1ih:f1are efficiency. ©Before a2 decision can be made whether pollutant emissions
';frcm %1ares are of concern, an accurate assessment of flare etTiciency must be
made. Theorstical estimates of flare efficiency cznnot be made, emission
- measurements Trom operating Tiares are difficult and previous pilot scale studies
are contradictory or incomplete. Thus, there is z need for a study to accurately

assess fizre efficiency zs & Tunction of:



- flared gaé éémpoéitfoﬁihﬂﬁmh.wﬂwm'l”

R throughput;
- Tlare design and operation {steam injection, etc.);
- amtient concditions;

- scale.

- Data from this study can then be used to provide an accurate assessment of

- pollutant emissions from flares.

1.2 Deficiencies in Previous Flare Emission Studies

There have been relatively few investigations reported in the open 1itera-

ture concerned with pollutant emission or efficiency of flares.

-7eble 1-1 summarizes the most recent, known studies, each of which

adcressec one or more of the following topics:
- the emissions of incompletely burned material;
- the distance required to burn the flared gases;

- the impact of steem injection on pollutant emissions.

- the effect of ambient conditions on pollutant emissions.

Although these studies have made valuable contributions to the knowledge of

Tlare performance, none zllow zn accurate determination of pollutant emissions

nor dc they provide adequzte information on the effects of scale or flared gas

compesition.

A

A review of the previcus studies indicates thet data acguisition and

manipuiation are the common problems whichprevent an accurate assessment of

- Tiagre ef¥iciency. These probiems zre discussed below in Four main areas,

-ﬂgnamely:

e Inability to close a material balance
. Measurement of soot concentration
) Difficuities caused by flare "intermiitency"

8 Lack of scaling methodology

1-3
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Llosure of Material Balance

“* The global efficiency of a flare flame can be calculated if the inlet fuel
composition and mass Tlux is known togethér with mass flux of all hydrogen and
carbon containing species of Tlared material at some height above the flame
rezcticn has ceased. Theres is more interest in that fraction of the
Tlux that becomes air polluting species rather than harmless C02 and HZO'

It is usual to concentrate on the carbon in the fuel because all of the ulti-
mate air polluting species contain it (i.e., CO, Hny, soot). If the carbon
iTraction of ail ﬁroduct'gas flux species is summed, the result shouid equal the

carbon Traction of fuel mass flux. This is the usual mass balance concept-and_
15 an accountingﬁtheck on the pollutant species measurements. It is easy to
state but raether difficult tc implement. Of the studies in Table 1-1, only
Siecel ettempted to close the mass halance. Generally he was only able to
ccount for approximately half of the Tuel carbon in the off-gas flux. Siegel
stated that the Targest errors were associated with the velocity measurements
needed to determine the mass flux. Siegel circumvents the need for further
mass balance by using "local burncut” efficiency, and showing that errors in the
resulting global efficiency values are minor. Thus, without mass
batance ciosure, no great confidence can be placed on Siegel's efficiency
values.

A mzterizl balance requires time averaged concentration, velocity and
temperature measurements 2t some plane normal to the mean direction of flow.
These measurements are made above the flame when tctal emissicns are being
assessed which requires an integration ¢f the species Tlux across the total jet.
The mgjor errors which prevent adequate material balance closure are:

- Material escapes undetectec, because at the fiame extremities
dilution Towers its concentraticon below the detactability limit of
the analytical equipment;

s AR11 the species are not measured;

- The time averzge velocity is difficult to measure in and nezar
turcuient Tleames.

A tracer in the fuel can be used to aid in obtzining & mass bealance by

vigiding

o

double check on the Zilution Tactor in the -roduct gzses. "However,
The us& o7 2 tracer does not eiiminaie the need Tor velocity measurements in



determination of mass flux. More details on tracers will be discussed in Sec-
) tiDn?. 7.2.

Mezsursment of Soot Concentration

Soot represents uncombusted fuel carbor which should be included in flare
Tiame efficiency caTculauwons Siegel (1980) measured soot concentrations be-
tween 2C and 80 mg/m in an intentionally smoking flame, estimating that at
those dilution conditions this reduced flare efficiency by 3 to 4 percentage
points. More recently, Howes, et al (1981) performed soct measurements in &
smoking propane f]ahe Using & dilution factor obtained from the CO2 concen-
tration, the 18 mg/m of soot mezsured represented decrease in combustion effi-
ciency of 0.4 percent. It should be noted that these local e fficiencies are not
aquivelent to globalefficiency, since they were samples collected at one sampling

The term “intermitiency" essentially means that at one Fixed peint zbove
iere, the flame is not present all of the time. Even in calm wind condi-
ticrs, the turbulence induced bv the combustion process czuses the flame to
unduizte and appear unsteadv. This usually causes corresponding fluctuations
in measured quantitites at fixed points above the flame. Using sufficient
sampling times provides one means of time averaging data to aveid this inter-.
mittency effect. As discussed in Sections1 and 8, one objective of the Froposed
gxoerimenta] plan is to determine sampling times so that the characteristics

¢t tne Tlame are mezsured, unmasked by intermitiency.

Scztine Methodolocv

The studies listed in Tzble 1-1 did not provide & methodoTogy whershy the
datz Trom these pilot scaie or small, plant scaie flares could be used tc assess
the emissions from the totz] populesion of flares. A methodolcgy is required.
which will allow dats to be obtzined economicaily at pilot scale and used o
determine performance of full sczle systems. The current state—of-the-art

-

GF tursuient flame structure precludes the use of predictive models. Thus the

m

xperimentel plan must provide deta which will aliow the etfects of scaie to be
-getermined and in conjuction with developing theories of turbulent fTame struc-
Ture will ziiow exirapolation 1o full scale.
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1.3 Technica]IApproéch

"As will be shown in the Background Section, current information on flare
combustion is fragmentary and inconciusive. This program attempts to answer
these guestions:

3 Whet are the combustion efficiencies of small flare flames?

. How are these efficiencies influenced by operational parameters, flare
design, fuel compesition and scale?

’ What are the mechanisms of these influences?
° How can the efficiencies of large industrial flares be estimated?

R research program with emphasis in experimental measurements on a pilot
scele Tiare is the most cost-effective way to approach these questions. It must
£ these requirements:

. Rerrasentativeness - The hardware and operational conditions must
relate to full scale practice.

* Data Accuracy - Tne measurement methods must be developed and verified
satistactorily to eliminate the uncertainties that plagued previous
experiments.

. Basic¢ Understancing - Experiments must be designed to bring under-
standing on the underlying controlling processes that take place in
flare flames. '

* Extrapolation - InTormation musi be genereted fo extend the appiicabi-

Tity of the small scale data to full scale flares.

Fiare flzmes are different from other combustion processses, such as
enciosed boiler flames, in that thev are buoyancy dominated, 'and are affected
by the ambiert air movements, and that thev lose heat to a much colider environ-
ment. It is commonly accepted that provided sufficient air is mixed with the
~fuel. and provided the resultant mixture is kept above the reaction temperzture,
combuetion will go to near 100% complietion. However, these twe conditions

" -

ere not necesserily true in flére combustion systems, particulerly for the fuel

Q

'

eddies that are separated from the main Tlame bocy. Because of the geometry

3
T the ecdies, they tend tc be cquenched &t & hicher rate than the main fiame

e zre more 1ikely %C Se extincuished Devore &1 the fuel is burnecd.

m
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The préééﬁée Bf:oxygen next to the fuel fis esséq@j§} er continuation of
compustion. In a flare flame, air may be entrained into the fuel jet by
netural convection and exhausted by forced convection throuch air- or steam-
essist. The effectiveness of these mixing processes directiv affects the

-~

Zombustion reaction. the mixing is not compieted before the burning fuel
elements are quenched below the reaction temperature, the flame wi??Ibe extin-
suisned. Therefore, the research program must develop the bzsic understancing
of the mixing and eddy behavior of fiare flames. 1h1s may be aided by modeling

wrizh will be discussed in more detzil leter on in this repcrt.

[+1]

“he main emphesis of the research program will be the mezsurements and
d

chzracterization-of emissions and flame siructures. It will include these

cznsiderztions:
- Four flare sizes(lx, 3, € and 12 inches in diameter) wil} be linearly
scaled repliczs of esach other and will include feztures cf commercial
flares,

- Detzilec mezsurements will be made throughocut and beyond the visible

Tlame envelope to determine profiles of temperature and species

goncentration.
- Tracers will be injected and measured <o assess zir entrainmen:.
- Photography will record flame struciures .

“ne exgeriments will start with the smeiler flares to develep and ver ity the
Tezsurement methods. Once the beseline flazre behavior is defined, the effects

2T coeretional parameters and scale will be studied.

The experimeniz] test progrem can be Togically divided into four tasks.

-

The Task 1 objective is cenerziion of 2 detz base of gross Tlame. parame-
ters as & Yunction of the complete rance of &)1 input perameters. This will be
rapid screening process on all flare sizes to assess the major effects of fuel

3]

rate, wind level, steam rate, and gas composition. The output measurements will-
be iimited to visual and photographic observations of flame Tength, form and

gIruycture, and sooting tendency. Video recordings can also supnlement the hoto-
grzonic tachnique. The uti?ity of this tzsk lies in its identification of zhecse

-

recimes of the original test o

i

en thet need greater emphasis in the succeading



Task 2 will be concerned with deve]dpméht and verification of all measure-
ment techniques. This can most effectively be done using the smalier flare sizes.
The measursments will consist of species concentration measursments in and near
the Tleme, inciuding & tracer. Development of an integrating hcod will be in-
cluced. A major objective of this task is verification of an adequate carbon
mass besance ¢ provide confidence in the succeeding task.

vesk 3 will be concerned with the detailed measurements according to the
test plan as revised by Task 1. The major effort will be on the smaller sizes,
with the knowledge gained indicating the most important test conditions to be

used for the Timited number of large size tests.

Task 2 is a general category related to continuous evaluation of tes: data,
development of modeiing and scaling parameters and documentation. A mors de-
tziiec brezkdown of these tasks is found in Section 4.

T2

1. Repert Oraanization

The report describes the background reiated te flare design, characteris-
vics &énd emissions in Section 2. Sections 3 and 4 discuss the need for futher
werk anc & technical azporoach o carry this work out.: Section & gives & review
of the potential test faciiities which may be considered for the gxperiments.
The design objectives, & facility description and the measurement iechnigues to
be usesd in assessing Tlare characteristics are described in Sections 6 and 7.
Section 8 discusses data analysis and application of the information generzted
in the experimenial program. '
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BACKGROUND
The primary use of flares by industry is the safe venting and combustion of
orocess gases during emergency or "upset" conditions. They are also available
tC Cispese of much Jower Tlowrates of waste gas that occur during normal process
2pgvziion, It 1s this laztier conditior that prevails mos: of the time and is
thus of major importance in determination of flare efficiency. Indusirie’ flares
encompess a wide variety of conditions; both in terms of the type of installa-
Titn and operating conditions. Important factors are gas composition, heating
ve'lue and percent dilution by inert gases, flowrate, ambient conditions and
compustion assist features, such as steam or forced draft air. These depend on
the type of plant and its Tocation such that flare designs tend to be site
specitic. Consequently, there is & wealth of hard engineering experience with
reszecT T0 Tlere design end adeptation to different conditions, but due to the
ve-res ngture of the flaring process, there is z lack of comprehensive informa-
ticn in tne open literature with regard to specific operational details as they

-

“fect  tThe waste gas comzustion process. There is only meager and often
recictory informetion published on the potentizlly harmful materials issuing
Trom incustrial flares; thus there exists an informztion gap that must He closed

‘n crder To assess the environmental impact of flare systems.

#ithin this Tramework, the objective of this present program is to define-
zn experimental plan which will both improve the understandingof’fTare'combus-
Tion, and preovide & meens of estimating emissions from flares of varicus sizes
eanc cneracteristics. There is & greet deal of backcround information which is
g:event to this task, and the purpcse of this section is o review the important
gvelizZle l1itereture in order to define the scope of the resquired experimental
r interest 1s informaticn concerning {lare use and the
gas compositions encountered in the cdifferent industrieé, Tlare designs
ance of operating conditions, anc experimentzl detiz and methods

goie for the modelinc and scaling of flare type combustion.

In recent vears, & number of surveys of flare use have been carried out,
cotrn in othe United States and abroad. in an zttempt to define the significance

zre isgions. Results from such studies provide & basis far the sstima-

Tion ¢f total ges quantities fiared, the range of gas compesitions encountered

zng, oy ‘nference possible emission factors for the different industiries. Infor-
mETion Ts aisn aveileble concerning Tlare types &nd design methods; aithcugn the




nature of the fTare'cdmbustion process, and the lack of appropriate measurement
methods, has precluded the kind of detailed study that would permit a definition
of combustion efficiencies or allow quantification of the effect of different
Tlare design parameters. A number of small and pilot scale studies have, however,
been cervried cut, and these are reviewed to provide insight into the relevance

¢t smeil scale experiments and the pessibilities for datz extrapolation. Much of
the evailable data shows, however, that our knowledge of basic combustion pheno-
mené is lacking in certain areas, and that direct transfer of experimental data
vrom small to full scale is usuelly not possible. To this end, 2 simple mathema~
Ticel modeling approach is required to provide a direction for the design of small
scale experiments and a means of defining scaling criteria by which the data can
be extrapolated. Availabie modeling approaches and basic information concerning

Tne cheéracteristics of large turbulent diffusion flames are review in thisg

P

nt.
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Use of Industrial Flares

Much cf the informetion on use, design, and operation of flares has been
reviewed by Klett and Galeski (1976). Mere recently the German Society for
Petroleun Sciences and Coal Chemistry., DGMK, (Program 135-01) analyzed the
results of a questionnaire sent to 31 German refineries. Unpublished results
from a2 questionnaire sent out to California refiners by the California Air
resources Board (Metzger and Vincent, 1980) has also been made available.
McstT of the inTormation which follows is based on these studies.

n

res ere designed for the maximum anticipeted gas release caused by
Jrocess upset or emergency shutdown. These conditions occur infreguently and
ére o7 relztively short duretion. A Tower level continuous or semi-continuous
¢ is czused by Teaks in eauipment, necessary venting of 2 process, and

¢ o7 geses during start up and shutdown. These flows, while of much
reducec magnitude compared to emergency use, occur most of the time. Thus &
fiare must be & véry flexible device, capable of high throughput, and sustained
'oberation gt & high turn down ratic. For instance, an instantaneous flow raie

L )

of 10C MSCr/hr may be demanded while sustazined normal operziion occurs &t
Yy

" 1/1000 of this value. -

Thni

n

-
[Fe)

section reviews the industries in which flares are used, characierizes

ine gzses Tlered, enc estimeties the amount of cas fiered in these inaustiries.

r
dnforTunztly, the use of flares s Tarcgely uncontrolled and, hences, the “low
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rates of gases are infrequently monitored. Flow rates are only occasionally
measured so that the amount of steam required to suppress smoking can be regu-

lated. Rough estimates have been made of the amount of gas flared in four mejor

incustriel operations: o1l refining, blest furnaces, coke ovens, and ethylene

Tmery

~1

=
o

turing Tor 1874, Here we extrzpolate this estimate to 1980 and estimate

ch

c
ne zmount of gas flared in petroleum production and the chemical industry.

2.:.1 Petroleum Refining

The petroleum industry flares large guentities of gas from refinery opera-
*ions and nroduction welis.

Teble 2-1 has been constructed from the data of California Air Resources
Soerd Survey. Although the number of initie) guestionnaires sent out is unknown,
wne 35 Tiares referenced by the 21 respondents show very simiar characteristics.
uch "emergency" is the primery use, continuous use is z)sc zssumed. Steem

-

¢
is the most universal means oT smoke suppression. None of the flares are ecuipped
1

ire flow rate of the T

cl
Q
=
mn
1)
L
s

ared gas, so annual amounts zare only estimates.
The compeosition and heating value vary widely.

inese rasulits are similar teo the results from the German rzfinery survey
(EGMK, 1GE1) wherein thirty-one West German refineries respondad. Figure 2-1
shows the Tlzre gas density variztion from one of these refineries during the

period in 1878 of Siegel's research there. The flowrate is that of Siegei's

§ige Stresm énd not the main flare.

erzily, the gas flared in refineries is nct measured end thus is diféi-
cuit 10 estimets. However, gases fiered in refineries contritute significantly

,.

o tne *otal amount of gas Tlered in the United Stztes. Therefore, the amount

Q
L
L]
3]
1]
_4"

izred in petrocleum refining must be estimated, if *he total emissions
incompietely burned fuel is %o be estimated.

~

In 1874, & survey (Table 2-2) of 11 of the 288 refineriec in the United
Stztes chowed that from 0.03% to 2.8 percent of the refinery tnroughput was
igred. The average amount Tlarec excluding the highest number was abou: (.2
percent. Tnis number is the same as that estimeted by Seige’l {1580, for German

refineries. About 12.3 x 106 BEBL/cd cf peiroleum wes refined in 1874. There-
.AB

Tore, peiroieum wnf.ner.es Tlered epproximately 7.4 x 107 1b/cd of gas based
‘ - - . - .. - . . & . ‘ o o

cn oarreis reTined. The Ticures Tor 1880 zre 1€ x 107 BBL/cc refined and

18,8 x 107 i5/¢cd of gas flered.
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=% Taple 2-1.

Survey, of California 0i1 Refinery Flares
(California Air Resource Board, 1980)

Flere Diligze' SmAKE Service F?g:::ln
TyDe (in] ' Supprassion scf/yr-
1 Elevated 30 Steam Emergency -_—
1 Elevated -2e Steam Emergency -
1 flavated 24 Steam Emergency -——
2 Tievated - Steam Continuaus -
3 leyated 30 Steam Emergency -—
3 Elevated 30 Steam Emergency -—-
3 Slevatad 8 Steam Emergency —
L Ground = Steam tmergancy -—-
4 tievatec 30 Steam tmergency —
4 Elevates Sieam Cmargency m—
- Tievated 10 Staam Emergency -——
H Sround - Steam Smargancy 180M
= flevated ——— Steam Emergency -—
z Tlevated 16 Steam Emergancy -_—
£ tievated 20 Steam Emergency -—
= Tlevates i0 Steam Emergency ———
£ Tievated 30 Steam tmergency 36M
7 Groung —— Venturi tmargency -—
] Elevated B Steam Con't & Cmer. ——
¢ Ziavated B Steam tmergency S0Om
tievated 1z Steam Emergency 3.5M
tlevazted - Steam Emergency G.oM
tievated 36 Steam Emergency -
Shevatag k(3 Steam Emergency —
Cievated 36 Steam Emergency ——
Tievateg 10 Steam Emergency -
Sievatec 8 Steam imergency 547M
Zlevatec 3l Steam tmergency ——
Zievateq & Steam Con't & Emer. i.om
15 £levated 48 Steam tmergency 133
1= Dlevated 45 Steam Emergency 282
5 ——— 30 Forted Draft Emergency I
1= flevatea 16 Steam Emargency 7.6
1€ Tievated 36 Steam tmergency ———
£ Zlavated 3 Steam Emergency ——
arounc -— Steam Emeroency —-—
iE Tievatas | 3£ fraam Emergency ——-
i
if levatse i 3E Steam Emergency -

n

L1}

=

=
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- - o - - - 3 . - 1
rabie 2-1. Survey of Californiz 011 Refinery Flares (Cont'd)
- . .o ;
(California Air Resource Board, 1980).
[T e - Flare F.]a‘-s Smoke. < rAnnual Tuet Tteam
efingm Tvpe D1amerEY Sumpression Service _Wu:rabe ruel -
. - {in} sef/yr |- f
\ 1 ‘ S S—
it Elevated 42 Steam © Emergency -— C..Io, M-, ~G=2.
Ny, #, G, CG.
18 Elevatec 2z Steam Emergency —— €18z, Rz, ~0-2.
!-,; : N:’,’ H, O. CD:
il flevates [-X:) Steam Emergency — Ci,Cz, K-, ~0-2.
Nz, Hy G, 02
X iz Tlevatec ——m Tteanm tmergency - ::.;:,AH:: G-t
; Ny Ry C, D2
! ) levatec 7C Iteam imergency - S G-z
: P I et
ii flevatee .- SteaEm Zmergency ——— Ci.kz, Bz, o2,
Ne, ®, 0, 20:
.z Zlevates _- Steam Imergency -— Cy,C-, H:z, oeg.
Nz, H, Q, CD:
v argung -— Steam Emeraency -— .40z, Rs, ~0-2
N-; H, O, CD-
o Dlevated £2/10C Steam tmergenty — 21,8z, H2, 02,
Ng, B, G, €z
i Elevated € Stzam Emergency — C.C;, A2, =z,
N:, H, 0, ':G;
b Elevatee ——— Sieam Emercency - .2z, Koo ~0-2.
. N:n H) 0, CC'
i i7 £levated ag/vE Steam Emergersy -—— 2,05, Ray, G-z,
N, H, 0, 0=
7 Lleveted 12 $tzam Emergency —— toL1,C:, B, =2,
2 N:, H, C, C:lz
17 £ievated iz Steam ' Emergency e C:.0-. Mz, -2,
] N:, My D-. CD‘
| iE Sleveted - Steam tmergency ) C-~le NF4, 00 [ 2023
- . - »| iC,74C oo .
{ iE Tievateo - Steam Emeruency j +780 H.3 C.3
; 1€ Tlevated sz Steam Emergency _— — ~0.3
! e Eievated 3 Steam Emergency —- -—- 0.3
] Ground e — tmeroency -— — ¢}
20 Sround — Steem Emergency - -—
20 Tlevated -— Steam Emergency -— ———
a Elevated — Steam tmergency —— —
o ] Elevated - Stoam Emergency -— -
20 Hleveted — Venturs Emergency -— =
Pl Ground — Self- Emergency 0.23m o=l "
: inspiration |
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~The composition of gas flared in refineries varies widely, both within a
refinéry (Figure 2-1 and Figure 2-2 and Table 2-3) and between refineries.
(Table 2-1 and 2-2). The amount of gas flared in a German refinery varied by

e factor of 22, the density by a factor of 3.4, and the composition of some
species oy a facter of 5. However, most of the refinery gases flares are Tight

T
ﬂ}

r&TTinic hydrocarbons with large azmounts of C3 and C, compounds. An azverage
compesition for a refinery gas is shown in Table 2-4.

2.1.2 Petroleum Production

Gas flared during production of petrcleum also contributes to the total
amount of gas flared in the United States. In the past, large amounts of Jow
mciecular weight gases have been flared from ¢il producing wells. This practice

T
o
o
Uy
m
[§2]
2

reduced recently, since the gas product is now veluzble and much of it

ne emount of ges flered in petroleum production has not been previously

né it is difficult to make such zan estimate. In one report approxi-
percent of the oil production was flared (Minkkinen, 1981). Assuming
¢ ratio o7 C.£ percent ges flared to 211 petroleum production in the United
Statee, tne 10 MBBL/cd procuced in the United States in 1980 resultec in the

flering of approximately 3 M tcons/yr of gases from oil production.
€ composition of gases Tlared during production of petrcleum i the same

ges. These geses are mosiiy methane with smell quantities of ¢ther
iignt hydrocarbon gases and inert gases (Table 2-5).
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Ancther mejor use of Tleres is 0 dispese of waste gas from the blast fur-

naces used in the iron and steel industries. As in refineries, blast furnace

0

gases arg flared intermittentiy to control process pressures. Gases flared from

_nlas* furnzces account for approximately 60 percent cf the weight and 19 percent

f-for the Btu content of all gases flared.

The Tlowrate of combustibie gas flared divided by biast furnaces throughput
czpacity serves an indicztor Tor this industry. In Table 2-6, it is seen that
T;has Tigure varies from $.07 percent tc 43.2 percent. On the average 6.7 per-
cent ¢F tiast Turnace capacity was Tlared in 1674 when the production-of zlast
Turngces wes 13505 x 107 tons/yr. Since steel procduction has changed 1it=le
t 5 1980, besed on & production of 145.5 x 10% ton/yr, 52.5 M/1n/cs

1 1

R - - -y - . P F-y
(23T TurnEce gas 15 assumed o heve f
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