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Federal Regulatory
Requirements For Achieving
98% CE Are Defined In 40
CFR 60.18




Summary of 40 CFR 60.18
Requirements

e Proven Constant Flare Pilot

e 200 btu/scf Minimum LHV for non-
assisted Flares

e 300 btu/scf Minimum LHV for Steam or
Air Assisted Flares

« Exit Velocity Limitation per Formula for
Non Startup, Shutdown, or Malfunction
Operating Flare Cases




Basis of Flare 98% CE

« EPA / CMA Joint Testing Program In
1982 (propylene / nitrogen / ng
mixtures)

« EPA / EER Testing Program in 1984 to
1986 (h2s / propane / nitregen mixtures)

« EPA / Dupont testing Program in 1997
(hydrogen influence)
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Types of Flares Tested

Non-Assisted




types of Flares Tested

Steam Assisted




Types of Flares Tested

Air Assisted * o FropRETy

IGNITION GAS CONN

FLARE GAS INLET

3/4" EIN.PT.
PILOT GAS CONN. o COMBUSTION AIR
PLENUM INLET




EPA / CMA Test Equipment

Nominal 8 Inch Steam Assisted Flare
TIp
Nominal 4 Inch Air Assisted Flare Tip

Two (2) Nominal 300,000 Btu/Hr Pilots
per Tip

No Center Steam Injection
7.5 HP Air Blower




CMA Test Summary

Flare Gas

Heating Steam-to-flare Combust jon
Test Flow Value Gas Ratio Efficiency
Numbe r [SCFN) (BtusSCF) {Lb/Lb) %)

STEAM-ASS ISTED FLARE TESTS

464 2183
456 2183
473 Z1B3
149 2183
148 2183
154 2183
24.5 2183

508 99,82

444 99.82 Incipient smoking flare
.BEB 90,96

.56 99.94

725 s Sampling probe in flare flame
157 99.84 Incipient smoking flare
926 99.84

24.4 2183 07 59.45

125 . 168 98.66

0.454 -- 100.01

0.556 77.5 98,82

0.356 123 99.40

0,356 -- 99,90

283 = 99.80 Smok ing flare

157 - 98.81 Smoking flare

24.7 6E.95 Steam-guenched flare
24.5 99.70

GED 99,79

599 93, Bb

556 99,82

a3 99,90

320 99.73 No smoke

252 9975 ho smoke

194 95,74 Incipient smoking flare
189 99.78 smoking flare

591 . 87.95

496 99.33

334 98,92

25.0 82.18 Steam-quenched f1ame

AIR-ASSISTED FLARE TESTS

157 99.94

22.7 99,17

481.6 10000

451.6 99.95

639 Bl. Detached flame observed

510 2 Detached flame;, no air assistance

a92 Lt Detached flame; with air assistance
0.714

0.556

0.537 '

217 Flame slightiy detached

249

121

159 Smoking flare; no air assistance




Average Qualified CE For
Different Flare Types:

 Non-Assisted Flare from CMA Testing:

99.6%
e Steam Assisted Flare from CMA
Testing: 99.7%

* Air Assisted Flare from CMA Testing:
99.6%




EPA / CMA Test Conclusions

CONCLUSIONS AND OBSERVATIONS

. Flares are generally an efficient means of hydrocarbon disposal over
a wide range of operating conditions.

Excess steam may contribute to Tower combustion efficiencies.

Flaring high volumes of low heating value gases may result in lower
combustion efficiencies.

Smoking flares do not necessarily indicate inefficient combustion.

Although the use of sulfur as a tracer material shows promise, further
development of the techniques are required.

When the flares were operated under conditions that represent typical
industrial operations, the combustion efficiencies observed at the

sampling probe were equal to or greater than those commonly found in
ambient air.




CMA Test of Sonic Flare

TEST a1
STATISTICAL SUMMARY

PROBE 50 nz (4] coz
TEMPECD {PCTY FPHl

AVERAGE 2161 13.5T 12.4 1982,

STANDAAD DEVIATION b T L«07 G324

HUHBER OF ORSCRVATIONT 59 E %9 9 59

AVERAGE AACKGROUND 20,92

BACKEGROUND AMBIENT MEASUREHMENTS

e

BACKGROUND TINE
FILE BEGIM
30/LTI8LI20
30718219234

HACK GROUND
BACKGROUND

e Test# 381
« Sonic Velocity Flare Tip
 Propylene Gas

PRHD

AMBIENT CO“AUET 10N
TEMPEC) EFFICIENCY

369 394
Da4 a2

39 EL)

IDFLTIABI3N
Iofla:33ioT

99.8% Combustion Efficiency
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Basic EPA / EER Testing
Goals

Expand on Results From Previous Flare
Testing

Include For Additional Gas Types
Analyze Commercial Flare Tips
Improve on Test Methodology
Develop Screening Facility
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Figure B-1, Flare Screenimg Facility (FSF).

EER Flare
Screening
Facility




Flare Screening Facility Test
Results

Table 5-1
RESULTS OF SCREENING TESTS ON FLARE SCREENING FACILITY

elocity at Lower 2
Stability | Heating OE ce3 Soot
Compound % Limit | | Value (%) (%) (mg/m3)
Compd | T N2 | (ft/sec)’ |(Btusft3d)

Acetylene 1475 99.99 |99.97 <1.5
Ethylene ( 1580 99.91 }99.92 <1l.5
Propylens 2300 99.98 99.93 <1.S
1,3-8utadiene 2730 | 99.93 }99.93 755
8utane ' . _ 3321 99.99 |99.96 <1.5
Propane 2350 99.98 (98.18 <1.§
Propane 1763 | 99.97 | m® <1.5
Benzene ’ 2370 99.59 [99.95 <1.0
Toluene 2381 99.99 }99.90 <1.0
Chlorobenzene 99.49 |99.35 <l.0
Carbon Monoxide >
Carbon Monoxide
Carbon Monoxide
Acstone
Acetaldehyde
Ethylene Oxide

0, Diluent
Methyl Chloride
Ethylene Dichloride
Viny! Chloride
Methyl Mercaptan
Acrylonitrile
Hydrogen Cyanide
Ammonia

Ammonta

99.88 <1.0
99.42 <1.0
99.%6 <1.0
99.97 <1.5
99.95 <1.0
99.93 <1.0
99.96 <l1.0
99.95 <1.0
NA <!.0
99.82 <1.0
99.96 <1.0
NA <1.0
Loy lg Nog Igni n;
1967 99.90 NA <1.0

0
0
0
0
c
48
0-
0
(1)
0
0
0
0
o
0
0
0
0




EPA / EER Testing Key
Observations

Flares can be operated with combustion and destruction efficiencies"®
exceeding 98-99 percent.

Flare efficiency depends on flame stability. A flare operatea
within the envelope of stable operating conditions will exhibit
high efficiency unless too much steam or air assist is used.

A flare operated outside 1ts stable flame envelope becomes
unstable; this can result in combustion and destruction efficiency
below 98 percent.

The stable flame operating envelope is specific to flare head
design and gas composition.

Operating conditions that have the largest influence on flame
stability for a given flare head are the gas exit velocity and
heating value. Depending on flare type, levels of steam, air, or
pilot assist can also affect flame stability and destruc*ion and
combustion efficiency. FResults also show that flare gases of
equivalent heating value but different composition can have
different stable flame operating envelopes when flared from the
same flare.




Common Results for All
Testing Programs

CE impacted by lower heating value of
mixture being flared

Flare tip must have constant pilot
CE always high for stable flames

CE for low heating value gases impacted by
exit velocity

08% Plus CE Achievable for Flares




Key Factors in Maintaining Flare
Efficiency

 Maintain Proper Mechanical Condition
of Flare Tip

« Maintain Proper Mechanical Condition
of Flare Pilots

 Ensure Proper LHV of Gases Flared
 Ensure Proper Steam or Air Control




Mechanical
Condition




Impact of Steam injection

e Steam to HC Ratios
of 3.5to 1 or Less
Had 98% Plus CE

e Steam to HC Ratio
of 5.8 to 1 Had 82%
CE

e Steam to HC Ratio
of 6.7 to 1 had 69%
CE
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Steam Control Methods

Flare Gas Flow Measurement and Ratio
Control

Optical Analysis of Flare Flame with output to
Steam Controller

Manual Adjustment of Steam Flow for
Smokeless Flame

Radiant Temperature Measurement for
Steam Control




Flare Gas Flow Measurement
Options

Ultrasonic Insertion
Type

Thermal Mass Flow
Insertion Type

Orifice Plate

V-cone Orifice
Device

Annubar Device
Vortex Meter
Turbine Meter




Optical Flame Analysis

Grade Mounted Unit

Measures Infrared
Energy from Carbon
Particles

Controls Steam Injection
to Set Point

Can Be Affected by Fog, s
Snow, Rain, Etc. :




Steam Flow Control Valve
Sizing




Steam Flow Control Valve
Sizing




Steam Assisted Flares

 Proper Steam
Control is Critical to

CE

 Significant
Reduction in CE
when Oversteamed




Examples of Oversteamed Flares




Air Assisted Flares

e Air Control is
Critical to CE

 Reduction in CE IS
Similar to Steam
Flare for Over
Aeration




Typical Flare Pilots

Older Style

250,000 Btu/hr Plus
High Stability

Flame front
generator or Electric
ignition

1or2
Thermocouple

Retractable
Thermocouple

Modern Unit

e 75,000 Btu/hr or
Less

* High Stability

 Flame front
generator or Electric
Ignition

e lor2
Thermocouple

 Retractable
Thermocouple




Stable, Sonic Flare
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e 999 Plus
Combustion
Efficiency




Stable, Air Assisted Flare

e 9994 Plus
Combustion
Efficiency




Stable, Smoking Flare

* 99% plus combustion efficiency




Stable, Smokeless Steam
Assisted Flare

* 99% Plus Combustion Efficiency




Unstable, Sonic Flare

 70% Or Less Combustion Efficiency
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Oversteamed Flare

 70% Or Less Combustion Efficiency




Unburned HC Emissions

e Continuous Smaller Flows Impact Total
Yearly Emissions

 Emergency or Infrequent Relief's Have
Smaller Impact on Yearly Totals




Tons per Year UHC vs. Flare
Tip Size

BEProper Steam
BOversteam




Summary

 Elevated Flares can Achieve 99.5%
Plus CE When Properly Sized,
Maintained and Operated

 Unburned HC Emissions can be
Significant from Improper Operation




