Control of Atmospheric Emissions

From Petroleum Storage Tanks

Informative Report No. 2
T1-3 Petroleum Committes
»Alr Pollution contnl Mﬂm .

hfonnaﬁvokopoﬂNo.z,pnpandbylnTldecmmooﬂhoAlr
Polivtion Control Association, deals. with the conirol of hydrocarbon vapor emissions

from petroleum storage tanks. ' The report presents the theory of evaporafion los -
ﬁmhaammmmmmmm ok -

&mhdmmdbaﬂmhmdmdbmm T

This etudy by the Air Pollution Ooniml
Association’s TI-3 Committee teils why
snd how hydrocarbon vapors escape
from tanks. in which petmleum and its -
products are stored and discusses means

used to estimate the magnitude of, and

theeontmlof such emissions,

~Tlie report does not atiempt todu-
tmguuhbetweenthehydrowbonemn-
sions that aré relatively unreactive,
such’as paraffins and naphthenes, and -
mthemforenotmogpncunon,md
the relatively reactive emissions,
‘oléfins and substituted aromatics,
‘may -react with mtmgeno:ndumﬂn

* THEORY OF EVAPORATION
LOSS FROM TANKS

Evaporation is a natural proocwss -
- whereby a volatile liquid is converted -
inte a vapor. The driving force that -
causes vaporisation is the vapor pressure -
. -of the liquid. -

The liquid may be unconfined or en-
closed in a container, such as a tank. A

'llq'nidoonﬁnedinlhnkmayormaynot

. have a vapor space above the liquid.

. Where there is such a vapor space, the e
.“vapor pressure will cause molecules in

> the liquid to vaporise and disperse

> throughout the vapor space. At the

on May 6, 1968.
in accordance with the 14 step pro-
eeduuoutlmedint.heMuch

: WAM Boudﬁndgm’cto

1, 1970. In accordance mth

.- same time, some molecules in the vapor -

presence of sunlight, to form osone
space will return to the liquid. When

otlm- oxidation products which con-

smog. ’ &t the same rate, equilibrium has been .- rate of :
Fsetspreaenhdhemnmsdooted established; and the vapor space has  sure of the liquid at storage tempera-
fzolnohemneslm engineering reports, . becomesaturated. Atanygivenstorage  tures, temperature changes in the tank,
mdoilmdustrypublmtwnl. Alistof the equilibrium percent of the  tank outage, tank diametqr, schedule of

~ pressure,
volatile liquid vapor in the vapor space
ia directly ptopoﬂbull to the n.pu -

e sources concludes this report.
thhnpedﬂn‘th-nponwillnd»
control officers and others in making -
objective amesements when judging the - -
Beed for, or the establishment of, abate- -
»mmt‘pmoedmuinﬂnwmmu_mtu.

v:ponmemxﬁedlotbenhnme.
._-'l‘ln-mqumplmmﬁmlou-_u

Joumnal of the Air Pollutioh Control Association

STLCOPCB4066602



‘The true vapor pressure (TVP) at
slorage lemperature in a tank directly
affects the rate of emissions to the at--

mosphere. Increasing TVP accelerates:
the rate of evaporation into any tank.
vapor space. Also, at saturation, a .

space contains proportionately more
hydroearbon vapors as the vapor pres-
surerises. Both of these factors increase
the emission rate from a tank during any
apeelﬁe breathing or filling: eycle. - .

There is no standardised prooedure
for directly determining the TVP of &
hydrocarbon mixture. The standard
procedure (ASTM D 323) for determin-

ing vapor pressure gives what is known

as Reid vapor pressure (RVP) at a tem-

perature of 100°F. TVP at any givea -
temperature can bé estimated from cor-"
relation charts relating RVP, TVP, tem- - :
perature; and a fourth variable, ABTM- s

duhlhuon curve characteristics. ..

Doﬂnltlm and snnmcaneo ol'l'crms '

Vaper Pnu-n

Vapor pressure is & measure of tln'-
foroe that tends to vaporise any vglatlh -
liquid. -Molecular motion within the .- .
liquid is reponsible for this force and is: - .
related to the composition of the liquid.- -

Smaller molecules are more active; thus,
vapor pressures increase as the propor-
tlonoftheselowbodmg(nnsllermob—

cule) components increase. ‘Also, higher -

temperatures increase molecular mohon,
wlnch resulta in higher vapor pmum. .

pmmmpounda aqummch do-.
termined at 100°Fanng/anoof4_

(i.e., ratio of vapor volume to. liquid
volume as defined in ASTM designation.”
D 323) by using apparatus and proce-
dures as standardised by the American -
Bociety for Testing and "Materials. -
Thus, RVP is the vapor pressure of s '
sample which has had its- omnpodtwn
tion re-
qumdtnsatmatethevaporspuoofh.'
bomb.: = .

‘changed because of the va;

. i - //
: Tm Yaper Pressure (TVP) \
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= Trus vapor pressure is the vapor- pres- |

sumo!shqmdnaspeexﬁadtempul-
ture, when the comiposition of the liquid
unotelnnged by the vaponu.hon that
‘Ocours in: most measuring proocedures. -
With mixtures, such vaporisation results
mhwmngofthemmredpm ’
. Vsporisation from a hydrooarbon:
mnwulowemthanporprmmohhr
hquldbeeaunethehrghunporpmn
‘omponests vaporise more readily, leav-
ing the liquid richer in the lower vapor
pnu:yseompomnh. Thus, for motor
gasolities and similar wide-boiling rangs
muhmt (mixtures containing oom-
ponents with a wide range of vapor pres-
ﬁn'u) VP at 100°F may be signifi-

'hUmthuRVPbeamm"

: vaponnmnoecuransan mhemntpu.rt
- of making the Reid test. For a pure -

oompound,vuponuhonwillnotchanp
thapre-ure, and TVP will equal RVP.
-TVP can be estimated from correla-

ﬁpunhﬁngittoRVPsndAS’l‘M

teriati ,
show this relationship for gasolines and

crude oils over a wide range of tempers-
tures.
Partiat Prossure
"The partial pressure of

mummhamdhl«m'

P_!F"lsm'“r;i'mﬁ-"w'

. ¥ the absence of distiltation cata the following:
, average velue of S mey be used: 5

-
Q

tu“lln_ulnnlnullullnn1luuquJ“uhun'nullu

w
g
o

L V of gesolines and finlshéd- m 1 Ib. to 20 . RVP
_.(lmn l%m [ pdnlour producte-—-]

* striking the confining walls. Air mole-

cules, usually present in petroleum stor-
age tanks, similarly generate a partial

pressure. The sum of all partial pres-
. sures equals the total preasure of the
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Saturation of Vager Spece

& given component, is said to be satu- -
rated when equilibrium exists between ~

the component and the vapor and liquid "~
phases under given conditions of tem-- .
perature and pressure; and composition’.

of the vapor space ia uniform through- - *” one body to another, not in contact with

onh
quce ‘of saluration is the percentage

o! saturation with respect to a given -

any w~ f:':'

‘gpnvenﬁom_lpeuohumstongatmh.r
.wmmmm

component which prevails at an
time or location under normal eq
rlumeond!tlona. - :
. Diffusion. is ‘the molecular motion,,
whxoh tends to uniformly distribute any
eomponent throughout a vapor space.
Diffusion is one way by which newly.
vaporised . hydrocarbons distribute
themaelves throughout.a vapor: space in
an effort to saturate it. N
- Vaporization is the process whueby 'Y
liquﬂchsngmtounpoc,athuwﬁhor
‘without bonlmg. :

: ' tank passes through the tank walls and
Va.porspwamlhnk wnhmpecno

totheliquidornporbyeonduction.
Convection is the transfer of heat by
*"the movement of fluids induced either

' mechanically or-by temperature differ-
o e

Radiation is the transfer of heat from

+.it, by means of wave motion: The rate

uamn,whenanpotdnnplhs.

liquid:

,CMusmmluduﬁvm% :

one part of a body to another part of the "
. The total .amount of atmospheric

-msbodywithouthwlvh'mﬁun
Between parts of the
ilgm wﬁch

=

7‘.::'__.01 absorption of radiant energy by s
" body depends upon its area and surface
reflective

properties, exposure, and the
temperature difference. Solar radiation
is the chief source of radiant heating of

Two" conditions must be present for
_cv:ponhontooem

1. Heat must be supplied, md

- 2. The vapor evolved must not be

allowed to aocumulate.

Muo,hndwatmmphub
emimions from a petroleum storage
tank, we must:

1. Reduoe the heat input, and
2, Contain the hydrocarbon vapor.

emissions from a tank depends upon the

- rate of evaporation loss .nd the time
mummmwa\smm

involved. Factors affecting the rate of
evaporation loss are: true vapor pres-
sure, temperature changes in the tank,
tank outage, tank diameter, schedule of
the tank fillings and emptyings, me-

. chanical condition of tank, and type of

tank. A fixed roof tank without a vapor

conservation system is the least efficient.

in controlling atmospheric emissions.
Saturation and diffusion effects are only
parte of the loes mechanism and are
cluaedbl“ a8 dependent or secondary vari-
8l

True me Pressure

True vapor pressure affects the rate of
emission because it is the basic force
causing vaporisation; it changes with
liquid composition and temperature.
TVP at storage temperatures is all-im-
portant. For hydrocarbon mixtures,
this decreases with evaporation because
of the change in liquid composition.

. TVP is usually determined from corre-
- lations relating it to Reid vapor pressure

(RVP).
The effect of TVP on rate of breathing

loes from a fixed roof tank involves two
internal consideratione—saturation con-
centration and diffusion and convection

- factors. The maximum concentration

of hydrocarbons in the expelled vapor,
known as the saturation concentration,
increases in direct proportion to TVP.
It follows that, if vented vapors were
fully u.tunted evaporation loss would
increase a8 TVP approaches
tank relieving pressure (a boiling condi-
tion). However, the diffusion and con-
vection of hydrocarbon vapor from the

“liquid surface to the vapor space is too

slow to fully saturate it. Experience
shows that vapors vented during normal
tank breathing are usually only 80 to
90% saturated. Thus, the driving force
can be looked upon as being the TVP of
thaliquidmimuthepsrtidptuamof
the. hydrocarbons in the vapor space.
As TVP rises, this driving force will rise

,mdnectpmporuon,xfpareenhgeutn-

ration in the vapor space remains con-
stant. Thus, both the saturation con-

- sideration and the diffusion and conveo-

tion consideration suggest that actual
emission rates are directly proportionate
torisingTVP.,

Tank emissions while filling fixed roof *

tanks are directly proportionate to in-
creased TVP because of the relationship

between TVP and saturation concentra-

tion. _
fmﬁmlulhhnt
Intemaltanpentunehnngubrought
about by atmospheric conditions can
umhhﬂnpu to breathe.

During the day, heat through
loolmdwnlh tbupottcm—
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“The heat input also may increase the

JYiquid surface temperature and soceler-
:ate vaporigation. At night, the reverse

{processes shrink the vapor and cattso an -

“intake of air. _

> Hest also causes natural convection in
the vapor space which promotes evapo-.
ration from the liquid surface and aids in
_dispeuing the hydrocarbon vapor.

Tank Cutage -

The volume of- vertical- tank vapor
spaces. is directly proportionate to
outsge—the height of vapor space. For
8 fixed roof tank, higher outages mean
greater emission rates because the larger

‘vapor volume will breathe more. How- -

ever, when outage is increased, heat

mputunotmcmsedmdmctpmpor- -

tion. - Heat enters the wvapor space

thmughthetankwall the ares of which -

increases in direct proportion, and

through the tank roof, the ares of which .

remsins unchanged. Furthermore, with

added height of vapor space, resistance .
to transfer of hydrocarbon vapor from -

the liquid surface to the vent increases.
Therefore, the average conoentration of
hydroesrbonmventedvnpouhouldf-n.
Experiencé has confirmed that atmo-

spheric emission rate will increase less -
thnnmduectpmporhontommm

tnnk outage. }
' ‘I’.«l Diameter

v:porspseemdhqmdsurhoeoondi-

tion, assuming constant tank height.
Total - atmoepheric emissions from -
breathing is less than directly propor-
tionate to increase in vapor volume be- "

cause of the less-than-proportionate in-

trease in-area for heat transfer into the
vapor space. Furthermore, increasing

knkdmnemshouldmdneathetem--f

‘perature. rise- of the liquid surface be-

causé the rising hot stock, i.e., that in_

oqnhntmththeunkwdl,mmw

" Tenk Conditions -

tile.liquids are.stored. . Rapid emission

‘ocour as short puffs. Any hole in the)
unkroof,diaphngn,aed of accessory

ruulumthoumtypoofm

Whmtbmmtwoormouoponlnp
in the tank, emissions are further ine -

creased. Preuun differences, which re-
sult. from wind or thermal effects, cause

a coustant flow of air through some

openings into the vapor space and the
outﬂowo!vaporthrw;hothuopm— _

m.d"hnt

WmtmdmkwwM'E:“'

Yrill affect the emission rate experienced.

Ihqmnto(emmdepmdlonﬂu -

mym%?: Voumzi.ue.s Lo

in -thmnerﬁlmoverthoun‘fmm S
. .-~ Inflosting roof tanks, the largest poten- .:
. : 7 tisl standing storage loss is attributed to -
; Mecharical condition is another fas-.
tor -affecting emission rates—of tanks. -
Open vents result in high emissions when
gusty or turbulent winds cause tpid .
pressure changes in tanks in which vola- "

volume of vapor space available and

If vapor space is allowed to change
volume at constant pressure, emissione
during the breathing cycle can be prac-
tically eliminated and emissions during
ﬁllinp can be reduced. Extent of emis~
sions reduction is dependent upon the
amount of vmsble VAPOr Space pro-
vided.

Sources of Emissions
from Petreleum Tanks

There are six sources, or causes, of
emissions from petroleum in storage:
breathing loes, standing storage loes,
filling loss, emptying loss, wetting loss,
and boiling loes. ]

] Breathing Loss

Vapor expelled from the tank because

_Voft.he_themul expansion of existing

vapors, expansion caused by barometric
pressure changes, and/or increase in the
amount of vapor from added vaporisa-
tion in the absence of a liquid level
change (except that which results from
boiling) is defined as breathing loss.
Breathing loss takes place in mosé
types of tanks and occurs when limits of
pressure or volume changes are exceeded.
Uninsulated fixed roof tanks, designed

- for only a few inches of water pressure or

vacuum, suffer relatively higher breath-

: C losses than tanks protected f
Tsnkdmmetcrmﬂmneesvolnmoof. ing vty

loss or gain in heat by reflective coating,

peig or ln;her there is relatively little or

no breathing loss. Variable VBPOT 5pace

vapor spaces and little ornobmthmg B
- loss ocours. . ’

Standing Storage Loss

-

" sions, when filling, can be relatively
pressure limitations of the equipment. high. Emissions when filling variable

. burying, insulation, or shading. In -
pressure tanks, which operste at 21§

'leoimmwuresultmgfromcauses

other than breathing or change in liquid

level, is defined as standing storage loss.

improper fit of the seal and shoe to the

=

vapor space tanks are less because these
tanks have added vapor storage capac-

" ity. The pressure tank also promotes

condensation of hydrooarbon vapors
during filling,

Emptying Lose

Vapor emitted from the tank after
liquid is removed is defined as emptying
loss. Because vaporisation lags behind
the expansion of the vapor space during
withdrawal, the partial pressure of the
hydrocarbon vapor drope. Enough air
enters during the withdrawal to main-
tain atmospheric pressure. When
vaporisation into the new air reaches
equilibrium, the vapor volume exceeds
the capacity of the vapor space. This
increase in vapor volume causes the
emission,

Emptying loss is common to all typea
of tanks except floating roof type and
closed system pressure storage. Fixed
roof tanks are most vulnerable. Pres-
sure tanks and variable space tanks are

leas subject to emission, but encounter.

it if vaporstorage capacity is exceeded.

Waetting Loss
Vaporisation of liquid from a wetted
. tank wall, when a floating roof

nlomdbymthdnwnloﬂxqmd is de-
fined as wetting loss. This loss is small.

Belfing Less
Vapor expeiled from the tank as a re-
sult of boiling of the liquid is boiling
loss. A fixed roof tank is more subject
to this emission than a pressure tank.

ATMOSPHERIC EMISSION
PROCEDURES AND EQUIPMENT

—ie There are four basic tank designs:

" 1. Fixed-roof tanks
2. Floating roof tanks -
A. Conventional open type (most
common)
B. Covered float tanks
(a) Internal ﬂostmg covers for
fixed-roof tanks

A ()} Coveredﬂontmgmof
3. Variable vapor space tanks
4. Pressure tanks

E-ch"udesignedft.)upechlmro-

_ quirements and has special requirements

for aoccessories, maintenance, and effi-
cient operation. -

-~ Fixed Roof Tanks

The minimum accepted standsrd for
storage of volatile hydrocarbons is the
fixed roof tank. Sinoe it is usually the
least costly to construct, it serves as a
base in justifying expenditures necessary

conservation type tanks.
ltldmdhomhatonly‘;;@i
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Accessory Equipment

The fixed roof tank has several open-
ings in the roof for venting, gaging, and
sampling. To maintain a gas-tight roof,
Accessory equipment must be provnded

“The accessory for the vent opening is
called a breather valve (pressure vacuum)
relief or conservation vent. ‘ This device
prevents the inflow of air or the escape
of vapor until some pre-set vacuum or
pressure is reached. Most breather

valves, especially the metal type, allow
some leakage below the pressure vacuum .
A tight valve is lmportsnt m *dou

‘setting.
‘reducing atmospheric emissions.

- The pressure vacuum settings of a - .
breather valve are dictated by the struc- -
tural  characteristics of the tank and .
must be within safe operating limits. A -

certain amount of pressure or vacuum
beyond these settings is necessary to
overcome pressure drop in order to ob-‘.
tain' required flow. The pressure set-
tings for vent valves to be installed on
large tanks constructed in- accordance -

with API Standard 650, “Welded Stee} .;
Tanks for Oil Storage” (1964), usually -
are limited to 14 ounce because the roof :

plates will atart to lift when the pressure
rises much above 1 os. - For small tanks, -
and all tanks Imvmgspecml utmcmml

: fentures, the pressure range can be in- - -

¢reased in accordance with the manu-
fnctu:ers’ recommendahons.

ltlnhmm of Mumry !.qulpmnt

i".To maintain accessories in a gu—tlght
condition, they should beé inspected and
restored penodlcally Pallets of the -
metal-to-metal breather valves which

become warped in service should be

machined to restore a gas-tight fit. Do-
fective diaphragms of valvea should be
leplaeed

Liquid-seal breather valves may be
aﬂected by dilution or loss of liquid and -
may have to be inspected, cleaned, and
maintained at frequent intervals. A
loose-fitting gage hatch lid can be made
nearly gas-tight by replacing the gasket. -
ar ‘machining the seat. Flame umton
and flash screens can become ¢
‘with dust, rust, and ice. Such obstrue-

tnnmtheventmgayahmunume \ - Another type
uvemdamsgetothetankfromexoes—.

mve mﬁemnl pressure or vacuum.
ﬂnludm .

'Pimtmg is important in reducing

atndospheric emissions as well as pro-
‘serving the tank. Use of reflective paints -
mllmmnnmhutmpntbyndm‘
jmetal ‘temperature. White paint is a
sunplc,mdeﬂeohvomumofmdm‘

Floating Roof Tanks

A floating; roof tank is an effective
. conservation device for stocks of motor
fuel volatility. The basic design vir-
tually eliminates vapor space. This re-

.sults in low emissions due to breathing,

filling, and emptying.
Until recent years the most commonly

- used floating roof tank was the conven-

tional open type floating roof tank.

There are three basic designs of the open

type floating roof tank used by the

petroleum industry: pan, pontoon, snd
ble-deck.

Pan-Type Flester
In this design a single deck covers
most of the liquid surface. A seal is at-
tached to rim of the deck. The deck
slopes to the center for drainage. This
-~ type roof has found disfavor within the
.. industry due to its instability. It is not

meommended except for very special

o Pentoen Reof

“This design was developed in 1928 to
provide greater stability and roof
" buoyancy. The pontoons are arranged

" “to-provide floating stability under heavy -

loads of water and snow, and are ac-

 ceptable deeigns for most purposes:

Deoubtle-Deck Roof

Therﬁofinthismneisaseriesofpon-

.toons., This design is preferred because

-.of its greater stability and insulating

 qualiti
. SealDesign
The most critical feature in a floating

- roof tank is the fit of the seal.  The usual
" .seal consists of a relatively thin-gage

shoe or ring supported against the tank
shell around the edge of the roof. The

.boﬁomofthenngubelowthehqmd

surface. The top is a few inches above

_ the top rim of the roof. A piece of .
" flame-retardant rubberised cloth closes -

thespaoebetweenthermgmdroof

In tanks with riveted shells a some-
what higher emission rate for the more
volatile stocks may ocour becauss
riveted .heads and oveslapping steel
plstes hold the ring away from the tank

" inspected and
. : regularly: _
7. @ breather valves

of seal consists of a flexi-
“bbtubo,futenedtothemofmdoo--
mpymgthomnulusp-oebetmmol/
. and shell. The tube is held on the
liquid surface and completely eliminates
_the vapor space.

Maintenance of Tank

Efficient and safe operation of any
mechanical device that moves inter-
mittently requires inspection and main-
tenance at regular intervals. © Shoes
must fit well, seals must be in good con-
dition, the roof should be level at all
times. Breather valve and bleeder vent
also must operatie satisfactorily.

Seals should be inapectad periodically
for tightness and general condition.
Sections of the seal that deteriorats
should be replaced.

Design of Accessery Equipment

Two accessories are necessary to the
operation of the floating roof tank: a
breather valve for the rim space and a
bleeder vent for the roof. One breather
valve (sometimes two) is provided at
the outer edge of all types. It is similar
in design to- that used on fixed roof
tanks. The bleeder vent of the pontoon
and double-deck tanks allows air

" trapped under the roof to escape before

the roof floats and prevents a vacuum as
the roof comes to rest on its supports.

Mummw
The follmvmg aocessories should be
replnced or repaired

b. bleeder vents

e. gagehatchu -

d. other openings from which’ vapor
may escapeé

Cheice of Pll!l(
The value of a highly reflective pamt

" in reducing atmospheric emissions from
- floating roof tanks is less than for other

types. Reflective paint on the pan-type
roof may be justified because it will re-

duce the chance for boiling. It isnot so-

important on the pontoon and double-

deck roofs because those are designed to
provide insulating barriers to heat trans- -
fer. Refléctive paint on the shell may |

be useful because it may reduce boiling

" in the seal ares and may help maintain
" & lower liquid temperature throughout

the tank.

bl'ﬂlomm
Installations of inteinal floating
covers date from 1955 in France, and in

- recent years there has been a strong

surge of interest in the United States in
the internal floating cover as an eco-
nomical and prastical conservation de-
vioe for fixed roof tanks.

Journel of the Alr Pellution Control Assoclation
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‘Soine types of internal floating covers

cumntly available are listed below:

l. -Aluminum cover.

‘2, Plastio coated-fabric- cover sup-

i ported on an inflatable oircular
" tubular float.

_3. -Nylon fabric cover supported on a .

.- peripheral ring of aluminum floats.

. Rapid installation is characteristic of
all types of internal floating covers. No
welding is required nor do door sheets
have to be cut in the tank to make the
installation. The tanks do have to be
taken out of service and gas freed for
installation of the semi-rigid types. If -
tank has been in leaded gasoline servioe,
special cleaning and inspection will be
reqnu'ed.

_The inflatable ring design can be in-
atalled without taking the tank out of
Betvice. * Its use is restricted.to tanks

which do not have roof support columns.

These inflatable type covers ara not
normally available for tank dmmetem
gmtor than 25 feet.

Each.
eqmpped with a resilient peripheral seal
between the floating cover and the tank
wall. Seal designs include a wiper type,
tubular type, and resilient materials '

encased in chernical-resistant and wear-
resistant envelopes, The effects of tank

contents on seals must be considered,
and-it is-important that any manufw

turér be advised of the intended service. -

. As-internal floating covers are. very
light,” .only antirotation cables are'
necessary to preserve alignment. Static
chargennotapmblemasmtheeone—
roof tank. - Anti-static cables equalize -
any difference in potential between the
ﬂoatmg cover and the tank shell.

.Ample vapor space ventilation is es-

sentml Vent areas equivalent to 0.20 .
square foot per foot of tank diameter is .
usually sufficient for all normal pumping
Tates;, "As a rule, a minimum of four

vents.is’ provided for aerodynamlc effi- -

tieney. > Maximum spacing of not ovel\
32 feet- between vents around the cir-
cumference is considered desirable.
Damage to the roof by overﬁllmg can be
prevnnted by equipping the tank vnth
an ove

; Propm-ly mshlled and fitted internal

ﬁuting;eoveu-pmvide more effective

vapor conservation than standard, open

‘pontoon-type floating roofs. This is due -
to added protection from rain and wind. - te

Installation of an internal floating cover

nthshstexponnnmothodforeon— :
vsungmemtmgﬁxodmoftov.por_

tonservation.
ME)JOTE Volume 21, No. 8 -

of the principal types is

" Covered Flaating Reef Tank
The covered floating roof tank is not
new. First inftallations were made in

- the late 1930’s but has only gained wide"

socoeptance in the 1060's. As the name
implies, it is a fixed roof tank with a
floating roof inside.

Basic design of the covered floater is
a pan float in a fixed roof tank; the seal
is usually of the less costly nonmetallie
construction. The rolling stairway,
roof drain, and wind girder of conven-
tional floating roof design are elimi-
nated. Possibility of & flammable mix-
ture in the space between the fixed and
floating roofs was probably a factor in
delaying user acceptance. Modern de-
signs provide ventilation by way of
hooded openings in the fixed roof or in
the upper portion of the tank shell.

" Ventilation ares usually falls in the
range of 0.08 to 0.20 square feet per foot

of ciroumference. Jamming of the
floating roof against the fixed roof by
ovetfilling can be prevented by provid-

. ing an overflow hole to release liquid

.above a certain level. This overflow is
usually an indicator only and not de-
signed to handle maximum filling rates.
" Important advantages over the con-

- ventional open type floating roof are re- -

duced maintenance and operating eosts
and improved product protection.
There is no snow to remove and the

freesing of seals to the shell is prevented.

The ' floating roof drain is eliminated,

‘ and pollution problems which could
" ococur due to its faulty operation are "
* " avoided.. Conversion. of a cone roof of .

,anysueto;eoveredﬂmmumﬂy
fess costly than conversion to ah open
top floater. DPractical designs which

- permit support celumns to penetrate the -
* - float have been developed.
Deck and seal repairs are more diffi-

- cult, and roof support column seals may

"cause problems. Column seal deeign
“varieq with tank vendors and a number

of each are in service. From the stand- .

point of losses; it is desirable to minimise
the. number of roof support columns,

\ Costs may be adversely affected when

“\ this ia done.

_ Vavriable Yapor Space Tanks

holder capacity is exceeded. In cooling,
the vapors then in the holder are drawn
back into the tank. Variable vapor
space capacity usually is sufficient so
that one holder may be used in conjunc-
tion with interconnecting fixed roof
tanks operating at substantially the
same pressure. Emissions due to filling
are not materially reduced.

‘Design of Tank
Two types of variable space tanks are
used: the lifter roof and the flexible
diaphragm. There are two types of
lifter roof tanks: wet seal and dry seal.

~ In each type, the roof is telescopic.
Not being rigidly attached to the shell,

the roof can move up or down as the
vapor above the liquid expands or con-
tracts. .

With the wet seal lifter roof the upper
part of the tank is surrounded by an
annular space, called a ‘“trough” or
“launder,” that contains a senlmg
liquid. A dip skirt extends from the
roof into the liquid to provide a seal,
while the roof is free to move up and
down a distance of four to ten feet or
more. The seal liquid may be water,
light oil, or an anti-freese solution.

The dry seal lifter roof lank operates
similarly to the liquid sesl lifter. In-
stead of a liquid seal, rubberised cloth or
dry seal is used to retain the vapors as
the roof moves. For both, the operating
pressure ranges from 13§ ounces to 4

ounces per square inch depending upon -

the type, tank diameter and height of

-+ lift. Because this pressure controls the

operation of the entire system, intercon-
nected fixed roof tanks must be designed
and constructed to withstand operating
pressure, pius pressure drop"in the
system, plus a reserve to keep the vent

" from leaking.

Flezible diaphragm lanks serve the
samepurpoeeuhfterroofhnksbypro—

~ viding expansion capacity through
: movement of & diaphragm. There are
Y two types: themtegrslumtundsep&-

rate unit.

" liquid in the wet seal lifter tank should

be checked twice a year. Water, which

the dip ring of the roof. lnunder
should be filled with seal liquid to the
design level. .

Snow should not be permitted to
accumulate on lifter roof tanks. The
added pressure caussd by snow at an

]
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avem;e depth ofdto8 mches (depend-
‘ing upon the pressure setting of the
:vents) will cause the pressure vent por-
tion of the volume control valve to open.
"Also, this increased pressure will cause
vents in interconnected fixed roof tanks
to leak or open. The entire system will
become inoperative.
. Design of Accessory Equipment
 Breather valves are standard acces-
- sories for each tank in the variable vapor
space system. Relief settings for
breather valves on fixed roof tanks are-
‘alightly higher than thoee on conserva-
tion tanks. Because the variable vapor ~
.space capacity is not adequate to retain
-all vapor expelled during filling, the
‘breather * valve must accommodate
.vapor flow at maximum fill rate.
. Each type of lifter roof tank generally
‘has a volume control valve; some oper-
‘ate on vent valve only. This permits
‘vapor. to escape from the conservation
.tank when the roof has reached the ex-
h-emoupperhmnofhvel It also
‘allows. air to enter the tank to avoid
drawing & vacuum beyond one inch of
mter.

. Othief accessories that aid in reducing
emnanons are (1) automatic gaging de- -
vwes and _ temperature reeorderu, @)

‘even more important on a variable vapor.
‘space system than on a fixed roof tank -
- alone ‘because of the elevated pressures .
“needed in the connected fixed roof tank.
Whenava.rnblevapon]ﬁoeumtupat
“of a .multiple tank system, the leakage
“of one breather valve will tend to pullify
the- eonaervatxon eﬂect of the enun

.‘,.Theﬁmfncbnnpplytothntypoof
ﬁnkn were dwcu:sed under fixed roo!

Prmln'l'lnlu L
:" Pressure tanks are a'tonp ‘tanks
whmhmﬂnundrehhvelvhrgep!u-
mpmtmmthoutmttmghydm—
carbon vapor. Somohnhwxﬂuhnd

ventboﬂmgo(vohﬁhmh. 'l‘huo-

forq pressure tanks expenanoe little or -
‘2%

la‘mmmd m” Equipment. .
+. Maintenance of breather valves is -

\sw H

§:

no emissions from breathing. Emis-
sions, when filling, may vary widely,
depending upon product characteristics,
vent valve setting, and flow pipe ar-

rangement,

Design of Tank

Two classes of pressure tanks are in
general use: low-pressure tanks operat-
ing between 2.5 and 15 psig; and high-
pressure tanks operating up to 250 psig
or higher. Low-pressure tanks can
tolerate only a slight vacuum, ordi-

_narily 1 to 2 os per square inch. Higher
. pressure tanks can be designed to with- .

stand full vacuum.

Low-pressure tanks are constructed -
_in many shapes and sises depending

upon the operating pressure range.
One low-pressure tank, the noded hemi-

. spheroid, is designed for a pressure

range of 2.5 to b psig. It consists of a
. cylindrical shell with curved plates in
the top and bottom which may be either
smooth or noded. In the plain hemi-

- spheroid, there are ring girders at the

~ intersections of roof, abell, and bottom
"to° withstand compression at points
" .when the vessel is subjected to internal

pressure. .
. The noded spheroid tank has been -
widely accepted for operating pressures

= Thess tanks have curved shells with in- -
- ternal ties and trusses and one:or more . -
“Dodes in the roof and bottom. Besides
lrmgmdermdbmckeumundthe'
oxhrml of the shell, mtemal h
- vapor space tanks, white is commonly

1oo‘

0

o 10 2 e
. Tonk diameter, foot -

Figure £ . Adjustment factor iov small di-
mmn(»wumam

trusses support the curved portion of
the shell and nodes in the roof. A center
column serves as a roof support.

The spheroid is available for storage
capacities ranging up to 40,000 barrels
and operating pressures ranging up to 30
psig. Spheroids are smooth in appear-
ance and have no internal {framing.

Design of Accessorles
Special gas-tight accessories are re-
quired because of high-pressure opera-
tions. Effectiveness and safety of the
equipment depend upon careful selec-

tion of properly designed accessories.

Malntenance of Tank
and Accessory Equipment

Pressure tanks should be inspected
frequently to insure that tank and
accessories are in gas-tight condition.
Rupture of either pilot or main di-
aphragm of a pilot-operated relief valve
will cause a valve to open below the set
pressure. Valve performance should be
checked. Diaphragms shouwld be in-
spected for cracking or other signs of
deterioration and replaced as necessary.

" 8till-type breather valves should be in-
- spected frequently to detect and correct

freesing and sticking of pallets. Flame

- arrestors should be inspected and

cleaned penodmlly to prevent clogging
with dirt or ice.

Chelice of Paint
To minimise pressure variations,

.. tanks should be painted with a heat-
" reflective paint. Although color is not

as critical as on fixed roof and variable

. Vaper Recovery Systems

These systems collect vapor from

_"»"sborsgetmkaandaendittoagure»
- covery plant. They have sensitive con-

trols and rremove vapor as pressure

. builds up during pumpmg or breathing.
~. Vapor is compressed and recovered by

abeorption or condensation.
Refinery or natural gas is sometimes

. used for repressuring the vapor space in

{anks when air or a corrosive atmo-
sphere is undesirable in the vapor re-
covery system. Vapors are withdrawn

‘as the internal pressure increases, and

the repressuring gas is admitted to the
tank when air normally would be drawn
in. . Some provision must be made to
prevent collapse of structure when there
s insufficient gas to maintain pressure. -
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- Malntenance of Systema

" Vapor recovery systems require that
all tanks be kept gas tight and instru-
mentation and fittings be adequately
mamtamed

NEASURENENT OF ATHOSPHEMC
EMISSIONS FROM PETROLEUM
STORAGE TANKS

" Measurement_ of atmospheric emis-
_slon can be accomplished in three basio 7

ways: -
‘ 1. decrease in stook volume
" 2. change in stock properties

. 3: measiirement of vapors vented

Bpecml techniques can increase the -
eﬂ‘ecuveneea of each approach.

© API Bulletin 2512 (see Refereneo
Soureea) defines these test methods in

detail. - Part I of this bulletin discusses: -

the. basic approaches to measuring -
ova.pora.tlon loeses and offers g\ndsnoa
for:selecting methods for use under -
specifio - conditions. Pnrt II deacnbes
elght methods. :

= These methods are not nnnple or in-
expenswo The petroleum industry has, -~
therefore, correlated test data and de-

veloped equations for calculating onp-

orahon loss rates.

Calculluon of Hydrocarben Vapor -
!mlulons from Tanks e
Mmy methods for mleuhtmg hydro-
carbon emissions from petroleum storage .
tanka-have been developed frqm experi-. -

mmental ‘studies over the years. The
.Arnencan Petroleum Institute took an - -

important step to coordifate knowlodge
in this field when it sponsored the *
posium' on Evaporation Loes” at
Instituté’s 32nd Annual Meeting i'n
1952; This led to establishment of the\
API Evuporahon Loss Committes .

which, since that time, has studied and . \

ocorrelated experimental results to obtain -
useful control techniques and equations
for predicting .evaporation loes rates.”
Currently, this work has not been
adopted as an API Standard; it is pre- .
sented for information purpoees only.
“The correlations, formulse, and fac--
hn loy’ calculating hydroenrbon vapor
emissions published by the API Evapo- |
ration. Lodes Committee are used as the
basis:for this section of the repors.
geeommended methods of caloulation
low,.:

May 19717 Volme 21, No.§

Table 1 Paint factors.

Tenk Paint factor, F,
ank color
Paint in Paint in
Roof Shell good condition poor condition®

‘White White 1.00 1.1
Aluminum (specular) White 1.04 1.18
White - Aluminum (specutar) 1.16 1.24
Aluminum (specutar) Aluminum (specular) 1.20 1.29
White Aluminum (diffuse) 1.3 1.8
Aluminum (diffuse) Aiumlnum (diffuse) 1.3 1.46
White 1.20 1.3
Light gray ucm gray . 1.33

Medium gray Medium gray 1.46

* The vailues for paints In “‘poor condition® ere provided only as a guide; it is not within the scope

. of this report to define poorcondnbns.

Fixed Reoef Tanks

follmnng equation.
P’ (moo) (147 - ..

whuo
year

- from Figure 1.

- ally is available from gaging
*- reocords; however, if this in-
formation is not readily avail-
able, it may be estimated by

adding 5°F to the average’

. ambient temperature from
" meteorological records
D hnk diameter, in feet

H ‘= average outage, in feet, mclud--

ing a correction for roof vol-

\\ ume
l' = average daily ambient temper-
.,“7 ature change, in degrees F
“. '+ (difference between U. 8.

Weather Bureau average -

daily recorded maximum snd
. minimum temperatures)
“~ [y = paint factor from Table I (from
. API Bulletin 2518).
C= ldjushnent factor for tank di-
.+ smeter as indicated in Frgm
8 (from API Bulletin 2518).

P‘_-tme vapor pressure at bulk -
- liquid temperature in peia,
Averags -
- . liquid body temperature usu-

D! "H' upEF,C (1) 'h""

L,-bmthing loss, in barrels pel'_‘--'

* where K, is factor to adjust gasoline

thnmeudeﬁmdfortboplolme
_equauonexoeptthntﬂn

Working Loes (filling and emptying

" Breathing loss of gasoline from fixed .: 0%8) of gasoline from fixed roof tanks

. roof tanks may be calculated fromtho : equation: ) i

may be calculated from the following

F o 3PVK"_

10,000 @

F = working loes, in barrels

P = same as defined above

V = volume of liquid pumped into
tanks in barrels

Kr- turnover factor as indicated in
Figure 4 (from API Bulletin
2518).

Breathmgloesofcrudooilfmmﬁmd
moftmhmnybeedcuhtedhbm&he
following equation:

e (3 ()

DL TR L (3)

breathing loss equation to breathing
loes of crude oil .— 0.58.
The remainder of the nomenclature is

DSW 296696

P, udehrmmedfmmrignm2

Worhnglouofcmdeoil from fixed
roof tanks may be caloulated from the
lollovm;equam \

2.25}’7 .

Norbenclature is the same as defined
for Equation (2) except that the true
npw_m(l’)'-froqmz.
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Note: For 36 tumovers per
year or less K;=1.0

< \
Figure 4. Effect of tumonr on Mh( lou
(AP Bufietn 2519),

R

Flosting Roof Tanks

+ Standing ~ storage evaporation loss
mny be calculated from the fol.lowmg
equahon

[ A4
/D- - AlD (14 7 — ) x -

VOTKER, ®)

“whare N

loss, in barrels per year

2 o A. tank-type factor- \whxch )

* changes as follows:

K, - 0.045 for welded tank -

with pan or pontoon
roof, single or doub

seal
K.-Oll for nvatedtank
; -with pontoon roof,
- - double seal
K, = 0.13 for riveted tank
LT with pontoon roo(
single seal

oy sta’ndmg storage™ evap.ora.tion '

D = tank diameter in foet (lor tanks

150 ft or less in diameter, use
D's; for tanks larger than
150 ft. in diameter, use 15014

()

. P = true vapor pressure of the stock

at its average storage tem-
perature, in psia. (This may
be determined from the Reid
VApOr pressure using appro-

priate conversion curves for

" finished products and crude
oils in Figures 1 and 2)

- Vo= average wind velocity, in miles

per hour
K= l.reeommended seal factor: K,
. = 1.00 for tight-fitting seals
(typical of modern metallic
" and nonmetallic seals); K, =

1.33 for looee-fitting seals
(typical of seals built priorto

1942)

K, = 8 recommended factor dis-
tinguishing between gasoline
and crude oil storage: K, =
1.00 for gasoline; K, = 0.75
for crude oil

K, = a recommended paint factor for

color of shell and roof: K, =
100 for light gray or alumi-
num; K, = 0.90 for white

Variable Yaper Space Systems

: ”'m“"

where -
P = filling loes, barrels
P = true vapor pressure at bulk .

liquid temperature in psia

\-\V. = volume of liquid pumped in,
- V3 = volume of expansion capacity,
. barrels .

N = number of transfers into the

025V3N) (8), ., O .
o 2518 Evaporation Loes fro:h Fixed

:K. - 0-13 for riveted tank -

)

whers

E = hydrocarbon omissions (tons/
day)
L = total evaporation loes from tank

(basrels/year)
W = density of hydrocarbon vapors
(Ib/42-gallon barrel)

The loss equations presented here
do not have API approval as standard
procedures and are submitted for infor-
mation only as recommended methods
for calculating emissions to the atmo-
sphere from petroleum storage tanks.
These loss equations are based on a cor~
relation of industry-wide test data.

REFERENCE SOURCES ON
EVAPORATION LOSSES

API Bulletin

2512 Tentative Methods of Measur-
ing Evaporation Loes from
Petroleum Tanks and Trans-
portation Eqmpment

2513 Evaporation Loss in the Petro-
leum Indust.ry—Ca.uses and
Control

* 2514 Evaporation Loss from Tank

Cars, Tank Trucka and
ane Vessels

Filling loses from varisble vapor . 2515 Useof Plastio Foam to Reduce

space systems can be estimated t'rom the
* following formula:

Evaporation Loss

- ¢2516 Evaporation Loss from Low

Pressure Tanks
2517 Evaporshon Loss fmm Float-
ing Roof Tanks

Roof Tanks

2519 Use of Internal Covers for
Fixed Roof Tanks to Reduce
Evaporation Loes

2520 Use of Variable Vapor Space
Systems to Reduce Evapom-
tion Loss

2531 Use of Pressure Vacuum Vent
Valves for Atmogpheric Pres-
sure Tanks t0 Reduce Evapo-

DSW 296697

, with pen - roof; - . - system ration Loss
- double seal Conversiens W Tens/Deys 2522 Comparative. Methods for
K, = 0.14 for riveted tank To place'these values in_terms more - Evaluating - Conservation
e mthpanroof single  oconventional in atmospheric quahty Mechanisms for Evaporation
‘seal - " control usage, the following formula is Loes . ) '
- 249 SR oo Journal of the Air Pollution Control Association
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