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Several case studies illustrate the
benefits of an ultra-low radiation, wa-
ter-injected, sonic flare tip.This equip-
ment can:

• Lower costs for new facilities by
reducing structural requirements.

• Reduce costs for modifying exist-
ing structures.

• Lower maintenance costs because
of a longer tip life.

• Reduce unplanned shutdowns be-
cause of tip failures.

• Lower installation costs by using a
helicopter or nominal lifting equip-
ment.

The modular design of these flare
tips provide flexibility to accommodate
varying flaring rates by providing spare
nozzles for additional sonic tips or per-
mitting nozzles to be sealed with blind

flanges as tips are
removed.

Offshore flares
Offshore facili-

ties employ flaring
systems to dispose
of waste gas in a
safe and environ-
mentally conscious
manner.To protect
personnel and
equipment during both continuous and
emergency flaring scenarios, engineers
design flares that limit radiation and
noise while maintaining profitability
and accommodating varying produc-
tion levels.

Operators of new offshore facilities
control radiation and noise by in-
stalling a flare tip at a sufficient dis-
tance from production facilities. Radia-
tion from the flare tip determines the
distance required. Less distance equates
to a lower construction expense.

Available options include:
• Remote platform supporting a

boom or tower and connected to the

production facilities by a bridge-sup-
ported pipe or flexible hose.

• Floating flare secured to the
seabed and connected to the produc-
tion facility by a flexible hose.

• Boom cantilevered from the pro-
duction facility structure.

• Vertical flare tower mounted on
the production facility structure.

Existing offshore facilities may expe-
rience unacceptable levels of radiated
heat, noise, and light if flared gas rates
increase.The rate increases might stem
from higher than estimated GORs,
greater oil production rates, additional
wells, and debottlenecking.
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In these cases, one might mitigate
flare-related problems by:

• Installing a high-pressure flaring
system.

• Modifying the existing flare tip.
• Extending or replacing the flare

boom or tower.
• Installing a floating flare.
• Connecting the gas to a

pipeline.
• Installing a new plat-

form, bridge, and flare tower
or boom.

New construction, engi-
neering, fabrication, and pip-
ing modifications with the
corresponding shutdown
time are often expensive.

Conventional flares
High-pressure flaring sys-

tems have been the most effi-
cient solution for controlling
emissions from new and ex-
isting facilities.

These flares use the energy
associated with high-pressure
gas to inspirate and mix large
quantities of combustion air
into the flames.The aerated
flames are short and highly
directional with low radia-
tion.

Conventional high-pres-
sure flare designs fall into the
following three categories.

1. High-efficiency multi-
nozzle sonic flares (Fig. 1a)
have an array of small diame-
ter arms to separate the flow
of flare gas to individual noz-
zles. Each arm is fitted with a conver-
gent jet nozzle designed to discharge
the gas at sonic velocity.

Sonic flow inspirates and mixes large
quantities of air into the column of gas
creating an aerated, low-radiation
flame.

2. Coanda flares (Fig. 1b) employ
the “Coanda effect” to entrain and mix
air into the flare gas stream.The flare
ejects high-pressure gas radially from
an annular slot at the base of a tulip-
shaped Coanda profile. Instead of con-
tinuing horizontally, the gas adheres to
the Coanda profile and is diverted at
90°, entraining large volumes of air in
the process.

Coanda flares are in either a fixed
slot design, which exhibits hydraulics
nearly identical to multipoint sonic
flares, or a variable slot design, which
modifies the hydraulics to produce
nearly 100% turndown capability.

On the variable-slot Coanda flare,
one can adjust the flow area of the flare

tip based on the actual operating pres-
sure.This allows the flares to produce
sonic flow conditions at a low flow
rate. Radiation from a variable-slot
Coanda flare remains low throughout
the entire flow capacity range.

3. Supersonic high-pressure, multi-
nozzle flares (Fig. 1c) are relatively new
to the industry.Their convergent-diver-
gent nozzles create a supersonic gas
flow that increases the air aspiration
compared to conventional sonic noz-
zles.

Greater aspiration allows for an in-
cremental decrease in the radiation
from the flame.The nozzle design,
however, decreases the turndown com-

pared to conventional sonic designs.
New, high-volume offshore produc-

tion platforms require a large flaring
capacity; therefore, designers typically
focus on the maximum emergency-
flaring capacity.

Most high-pressure flare systems op-
erate over a wide range of flow rates

from purge to maximum. In
many offshore locations, the
allowable flare radiation is
150-300 btu/hr-sq ft at the
base of the flare structure.

When gas production
rates are higher than expect-
ed or the loss of a gas com-
pressor occurs, high continu-
ous flaring rates may create
unsafe and uncomfortable
conditions during normal
platform operation and
maintenance activities. Also
solar radiation increases the
total radiated heat during
normal continuous flaring
rates.

The low radiation proper-
ties of the flare are lost when
one operates a high-pressure
flare at subsonic flow condi-
tions.The flames become di-
rectional with the wind.The
subsonic flow creates a peak
in the radiation produced by
the flares during turndown.
If the normal, continuous
flaring rate is near the sub-
sonic peak in radiation, the
flare rates can often produce
higher than expected radia-
tion levels on the production

deck, which may limit production.
Supersonic nozzles are less efficient

at subsonic flows. Because the exit area
of the diverging nozzle is larger than
the nozzle throat (Fig. 1c), a supersonic
nozzle has lower exit velocity at turn-
down than a conventional sonic nozzle
or Coanda tip (Fig. 2).This creates a
higher corresponding peak in radiation
that occurs in the subsonic flow region
(Fig. 3). As a result, the supersonic flare
design may produce high radiation lev-
els and flame impingement of the flare
body during turndown operating con-
ditions.

Flare-tip longevity and smoke pro-
duction are other major concerns when
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high-pressure flares are used in a turn-
down mode. A high-pressure flare tip
operating at subsonic flow rates creates
a low-velocity, lazy flame that often re-
sults in flame lick on the metal surfaces
of the flare tip.The flame lick may pro-
duce smoke and excessive tempera-
tures, causing fatigue and mechanical
failure of the flare tip.

Restoring safe operation
requires that the platform be
shut down to access, repair,
and replace the damaged
flare tip.

The cost associated with
lost production during an
unscheduled shutdown in
addition to the direct costs
associated with flare tip re-
placement, lift equipment,
rigging contractors, replace-
ment flare tip, installation la-
bor, etc., result in a need for
a lower-cost alternative to
control radiation and noise
emissions.

Next-generation flares
Water-injected, high-effi-

ciency, sonic flare tips allow
for safe flare operations at in-
creased oil and gas produc-
tion rates. As shown by ex-
tensive testing and actual
field performance, these
flares also reduce emissions.

Water injection in particu-
lar improves high-pressure
flare performance at or near
turndown conditions. Under
some conditions, measure-
ments show a 50% radiation
reduction and a 13 weighted decibel
(dba) noise reduction (Figs. 4 and 5).

A water-injected flare retrofit can
eliminate the need to increase the dis-
tance between the flare tip and person-
nel and production equipment required
to meet acceptable radiation and noise
limits.

Water injection improves flare oper-
ations by:

• Reducing radiated heat from the
flame.

• Improving flame characteristics to
lessen wind effects.

• Suppressing smoke.
• Decreasing noise levels.

The new tip compares in weight to
conventional tips and may be mounted
on an existing pipe flange, thereby
minimizing modification expenses and
costly downtime.

Many offshore platforms have exist-
ing seawater pumping capacity that can
be tied into the flaring operations. Plat-
form modifications may include only

simple installation of booster pumps
and piping for water delivery.

Caspian Sea example
A production platform in the Caspi-

an Sea experienced unacceptable and
continuous radiation on the deck as a
result of high gas production.This radi-
ation forced the operator to decrease
the oil production rate.

The existing flare had a vertically
mounted, high-efficiency, sonic flare
tip.The tip was on a 20°, 165-ft long,
angled flare boom.To reduce radiation,
the flare engineers proposed that the

operator retrofit the flare boom with a
45°, angled, water-injected flare tip.

To verify performance prior to in-
stallation, the engineers first tested the
flare tip at a flare-testing facility.The
high-capacity tests of the normal con-
tinuous-flare rates used a gas composi-
tion nearly identical to the actual field
conditions.

Installed in 1999, the new
flare-tip design lowered the
noise by 10 dba and the ra-
diation by 75% at the deck
level during the normal con-
tinuous flaring rates.

The flare tip has operated
continually since installation.
The increased high-pressure
flaring capacity on the plat-
form allowed the operator to
increase net oil production
by more than 25%.

Off Africa example
An operator off Africa se-

lected the water-injected
flare technology as the best
available design to control
high radiation and noise lev-
els that were creating unac-
ceptable working conditions
on the production deck of a
facility.

Higher-than-anticipated
gas-flow rates produced high
radiation and noise, although
the existing supersonic-de-
sign flare tip met the original
design specifications.

The operator considered
building a separate, remote
flare platform, but due to the

deep water, the only feasible conven-
tional solution was the installation of a
floating platform connected by a flare-
header tendon at a $5-6 million cost.

The operator needed to find a flare
modification for the high heat and hu-
midity area that would allow a maxi-
mum, continuous flare radiation level
less than 180 btu/hr-sq ft (500
btu/hr-sq ft total, including 320
btu/hr-sq ft solar radiation) at all per-
sonnel locations. The operator also
sought to reduce noise to the lowest
possible value.

The operator first had the water-in-
jected flare tip tested at the flare engi-
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neers’ test facility under nearly identi-
cal, full-scale operating conditions, in-
cluding gas composition and operating
pressure.The tests showed emissions
below required values.

Currently, the water-injected flare tip
is being installed on the offshore plat-
form.

Gulf of Mexico example
An operator in the US Gulf of Mexi-

co recently retrofitted two supersonic
design flare tips to allow increased ca-
pacity of an existing flare boom to ac-
commodate a subsea tieback.

Although the supersonic flare tips
performed well at high-flow design
conditions, the normal continuous flow
rates resulted in subsonic flow condi-
tions.This low-flow operation pro-
duced large, lazy flames with excessive
flame lick between the two adjacent
high-pressure flare tips.

The harsh, normal operating condi-
tions caused excessive overheating of
the flare tips that led to fatigue and me-
chanical failure of the flare tip’s gas dis-
tribution arms.The rapid failure of the
supersonic flare tip required unsched-
uled platform shutdowns and millions
of dollars in lost production.

Following the second mechanical
failure of the supersonic flare tip, the
operator contacted the engineers of the
water-injected technology to discuss
possible design modifications.The wa-
ter-injected flare tip proved the best al-
ternative to meet the radiation and
noise requirements and enhance overall
mechanical design through improved
turndown operation.

The water-injected design uses mul-
tiple, flanged nozzles on a common gas
distribution manifold.This particular
retrofit featured several extra blinded,
flanged ports on the main manifold al-
lowing for upgrades simply by adding
additional sonic nozzles.

Modular design of the flare tip
proved beneficial because the platform

is also under expansion to accommo-
date future tiebacks.

The engineers designed the water-
injected flare tip with an angled orien-
tation to lower the maximum radiation
and noise produced by the existing su-
personic flare tips.The improvement in
turndown operation and enhanced me-
chanical design also ensures flare-tip
longevity.

To prevent the high cost of unsched-
uled platform shutdown, the operator
had the new water-injected flare tips
manufactured within 4 weeks and
shipped to the platform for installation
at the next scheduled turnaround. ✦
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