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Insert this on Page 7.1-23 before Section 7.1.3.3

Floating Roof Landing L osses?

When using floating roof tanks, the roof floats on the surface of the liquid inside the tank
and reduces evaporative losses during normal operation. However, when the tank is emptied to
the point that the roof lands on deck legs, there is a period where the roof is not floating and
other mechanisms must be used to estimate emissions. These emissions continue until the tank is
refilled to a sufficient level to again float the roof. Therefore, these emission estimate
calculations are applicable each time there is alanding of the floating roof.

The total loss from floating roof tanks during aroof landing is the sum of the standing
idle losses and the filling losses. This relationship may be written in the form of an equation:

Ly =Lg +Lp (2-10)
where:

Lt. = tota losses during roof landing, b/yr
Ls = standing idle losses during roof landing, Ib/yr
Lr = filling losses during roof landing, [b/yr

The group of applicable equations to estimate the landing losses differs according to the
type of floating roof tank that is being used. The equations needed to estimate landing |osses
from internal floating roof tanks are contained in Table 7.1-17; equations for external floating
roof tanks are contained in Table 7.1-18; and equations for drain-dry floating roof tanks are
contained in Table 7.1-19. The following sections explain these equations in more detail.

Standing Idle L osses

After the floating roof is landed and the liquid level in the tank continues to drop, a
vacuum is created which could cause the floating roof to collapse. To prevent damage and to
equalize the pressure, a breather vent is actuated. Then, avapor space is formed between the
floating roof and the liquid. The breather vent remains open until the roof is again floated, so
whenever the roof islanded, vapor can be lost through this vent. These losses are called
“standing idle losses.”

The three different mechanisms that contribute to standing idle losses are (1) breathing
losses from vapor space, (2) wind losses, and (3) clingage losses. The specific loss mechanism is
dependent on the type of floating roof tank.

For internal floating roof tanks with nominally flat bottoms (including those built with a
dlight upward cone), the breathing losses originate from a discernible level of liquid that remains
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in the tank at all times due to the flatness of the tank bottom and the position of the withdrawal
line (aliquid “heel”). Theliquid evaporates into the vapor space and daily changes in ambient
temperature cause the tank to breathe in a manner similar to afixed roof tank.

For externa floating roof tanks, which are not shielded from the surrounding atmosphere,
the wind can cause vapors to flow from beneath the floating roof. The higher the wind speeds,
the more vapor that can be expelled. These are known as wind losses.

For tanks with a cone-down or shovel bottom, the floor of the tank is sloped to allow for
more thorough emptying of the tank contents, therefore, the amount of liquid differs significantly
from tanks with flat bottoms (see Figure 7.1-20). When the emptying operation drains the tank
bottom, but leaves a heel of liquid in or near the sump, the tank is considered to have a partial
heel. A drain-dry condition is attained only when all of the standing liquid has been removed,
including from the bottom of the sump. However, due to sludge buildup and roughness of the
inside of the tank, a small layer of liquid can remain clinging to the sloped bottom of adrain-dry
tank. Thislayer of liquid will create vapor that can result in clingage losses. The amount of
vapor produced within adrain-dry tank is directly related to this clingage. Clingage factors for
various tank conditions are contained in Table 7.1-10.

Standing Idle Loss for Tanks with aLiquid Heel

A constraint on the standing idle loss is added for floating roof tanks with aliquid heel in
that the total emissions cannot exceed the available stock liquid in the tank. This upper limit,
represented as L smax, 1S @ function of the volume and density of the liquid inside the tank.

Larex = (area of tank)(height of liquid)(density of liquid) (2-11)

Assuming that the tank has a circular bottom and adding a volume conversion unit, the
eguation can be simplified to Equation 2-12 and Equation 2-13.

Lo = g%goz he W (7.48) (2-12)

Lsme =59 D% hg W (2-13)
where:

Lsmax = limit on standing idle loss, |b per landing episode
7.48 = volume conversion factor, gal/ft®

= diameter of the tank, feet
he=  effective height of the stock liquid, feet
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W, = dengity of the liquid inside the tank, Ib/ga

Internal Floating Roof Tank with a Liquid Heel

For internal floating roof tanks with liquid heels, the amount of “standing idle loss”
depends on the amount of vapor within the vapor space under the floating roof. Essentially, the
mechanism isidentical to the breathing losses experienced with fixed roof tanks. The
mechanism shown in Equation 2-14 isidentical to Equation 1-2.

Ls =365V, W, Kg Kg (2-14)
where

Ls= annua breathing loss during standing storage, |b/yr
365 = number of daysin ayear, dayslyr

Vv = volume of the vapor space, ft

Wy = stock vapor density, [b/ft®

_MyP (2-15)
RT

My = stock vapor molecular weight, I1b/lb-mole

P=  truevapor pressure of the stock liquid, psia

R= idea gasconstant, 10.731 (psia-ft®)/(Ib-mole ER)
T=  temperature, ER

Ke= vapor space expansion factor, dimensionless
Ks= saturation factor, dimensionless.

Assuming that ng equals the number of days that the tank stands idle and substituting for
the stock vapor density according to Equation 2-15, the equation is further simplified to Equation
2-16.

aPV, o
Le =n, K V- M, K 2-16
S d EgRTg v Rs ( )

The term with the highest amount of uncertainty is the saturation of the vapor within the
tank. The factor, Ks, is estimated with the same method used to calculate the saturation factor
for fixed roof tanks in Equation 1-20. In order to establish limits on the value of K, the
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estimated factor is assumed to be less than or equal to the saturation factor during filling (S).
(For more information see Filling Losses.)

External Floating Roof Tank with a Liquid Heel

For externa floating roof tanks with aliquid heel, wind affects emission releases from
the tanks. Asastarting point, begin with a basic equation based on rim-seal loss. The equation,
shown as Equation 2-17, is equivalent to Equation 2-2.

I-r = (Kra + Krb Vn) D P* Mv Kc (2-17)
where

L,= annua rim sed loss, Iblyr

ra= zerowind speed rim seal loss factor, |b-mole/ft-yr

Kb = wind speed dependent rim seal loss factor, |b-mole/((mph)"-ft-yr))

=  sead-related wind speed loss exponent, dimensionless
(Kra Krp, and n are specific to a given configuration of rim seal)

=  average ambient wind speed, mph
tank diameter, ft
avapor pressure function, dimensionless

P* = a (2-18)

P,=  amospheric pressure, psia

P=  truevapor pressure of the stock liquid, psia
My = stock vapor molecular weight, [b/lb-mole
Kc= product factor, dimensionless.

Assuming that the stock properties included in the vapor pressure function will
adequately account for differencesin liquid product type, K¢ is assumed to equal 1. Regardless
of the type of rim seal that isin use, it is effectively rendered a ‘ vapor-mounted’ seal when the
liquid level falls such that the rim seal is no longer in contact with the liquid. The contribution of
a secondary seal is neglected in that it is offset by emissions through the deck fittings. The
emissions are therefore based on the case of awelded tank with an average-fitting vapor-
mounted primary seal. According to Table 7.1-8, the values of K,,, Kb, and n are 6.7, 0.2, and
3.0, respectively. The variables were substituted and the equation was converted from annual
emissions to daily emissions by dividing the equation by 365. A value of 10 mph is assigned to
the wind speed, so that estimated standing idle losses from an externa floating roof tank will not
be less than for atypical internal floating roof tank. Lower values for the rim seal loss factors or
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the wind speed should not be used. The equation can be simplified for daily emissions to
Equation 2-19.

Lswina = 0.57 ng D P* My (2-19)
where:
Lswing = daily standing idle loss due to wind, Ib per day
Ng = number of days that the tank is standing idle, days
= tank diameter, ft
= avapor pressure function, dimensionless
My = stock vapor molecular weight, Ib/Ib-mole

After the wind empties the vapor space above the remaining liquid heel, the liquid will
continue to produce vapor. Thus, this standing idle loss will occur every day that the tank stands
idle. Thisequation is adequate at this time, but could be revised as additional testing is
conducted and studied.

Standing Idle Losses from Drain-Dry Tanks

When adrain-dry tank has been emptied, the only stock liquid available inside the tank is
asmall amount that clings to the wetted surface of the tank interior (if a heel of liquid remainsin
or near a sump, then the tank should be evaluated as having a partial heel, and not as drain dry —
see Figure 7.1-20). The slope prevents a significant amount of stock liquid from remaining in
the tank so that evaporation is much lower than from tanks with liquid heels. Due to the limited
amount of liquid clinging to the interior of the tank, as shown in Figure 7.1-20, it is assumed that
vapors would not be replenished as readily asin tanks with aliquid heel. For this model,
standing idle loss due to clingage is a one-time event rather than adaily event.

The loss due to clingage is proportional to a clingage factor, which varies with the
condition of the inside of the tank. A list of clingage factors are shown in Table 7.1-10. The
factors are given in terms of barrels per thousand square feet. To convert the loss to pounds, the
density of the liquid and the area of the tank must be taken into account, as shown in Equation 2-
20.

Lo =0042CW, (Area) (2-20)
where:
Lc= clingage loss from the drain-dry tank, |b
0.042 = conversion factor between gallons and square feet, gal/ft*
C= clingage factor, dimensionless

W=  density of the liquid, Ib/gal
Area= areaof thetank bottom, ft?
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Among the conditions shown in Table 7.1-10, the one that best approximates a sludge-
lined tank bottom is gunite-lined. Assuming that gasoline is being stored in the tank, a clingage
factor of 0.15 and the area term in Equation 2-21 were substituted into Equation 2-20, which
simplifies to Equation 2-22.

p D?

Ls = 00063 W, (2-22)

The clingage loss should be constrained by an upper limit equal to the filling loss for an
internal floating roof tank with aliquid heel. Thisis demonstrated in Equation 2-23.

Lse =060 SGPVV 2 My (2-23)
eRT g

where:
Lsmax = maximum standing idle loss for drain-dry tanks due to clingage, I1b
W, = dengity of the liquid inside the tank, Ib/gal
= diameter of the tank, feet
= true vapor pressure of the liquid inside the tank, psia
Vv = volume of the vapor space, ft*
=  ided gasconstant, 10.731 psia ft* /Ib-mole ER
= average temperature of the vapor and liquid below the floating roof, ER
My =  stock vapor molecular weight, 1b/Ib-mole

Therefore, the standing idle loss for drain-dry tanks, shown in Equation 2-22, must be less than
or equal to Equation 2-23. Thisrelationship is shown by Equation 2-24.

WO M, (2-24)

L £060 c—L
S SRT 2

Filling Losses

When a floating roof tank is refilled, there are additional emissions resulting from the
roof being landed. These losses are called “filling losses’” and continue until the liquid reaches
the level of the floating roof.

Thefirst contributor to filling lossesis called the “arrival” component. Asliquid flows
into the tank, the vapor space between the liquid and the floating roof is decreased. The
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displaced vapors are expelled through the breather vent. Once the roof isrefloated on the liquid
surface, the breather vent closes.

The second contributor to filling losses is called the “ generated” component. Asthe
incoming liquid evaporates, additional vapors will be formed in the vapor space and will also be
expelled through the breather vent.

Internal Floating Roof Tank with a Liquid Heel

For internal floating roof tanks with aliquid heel, the amount of vapor that is lost during
filling is directly related to the amount of vapor space and the saturation level of the vapor within
the vapor space, as shown in Equation 2-25.

L = (vol of vapor space)(density of vapor )(mol wt of vapor )(satfactor) ~ (2-25)

After substituting for the major termsin Equation 2-25, the equation can be ssimplified to
Equation 2-26.

aPV, o
L. = VM, S 2-26
F gRTg v ( )

where:

Le= fillingloss, Ib
=  truevapor pressure of the liquid within the tank, psia

Vv = volume of the vapor space, ft>
=  idea gas constant, 10.731 psia-ft¥/(Ib-mole-ER)
=  average temperature of the vapor and liquid below the floating roof, ER

My = stock vapor molecular weight, I1b/lb-mole
=  filling saturation factor, dimension less (0.60 for afull liquid heel; 0.50 for a

partial liquid hedl).

This equation accounts for the arrival losses and the generated losses. The main concern
with this equation is the estimation of the saturation factor. All other components are based on
theideal gaslaws. For consistency, an accepted value of 0.6, which is used elsewhere in Chapter
7, will be used for the case of afull liquid heel. A value of 0.5 has been demonstrated for the
case of apartial liquid heel.

External Floating Roof Tank with a Liquid Heel

For external floating roof tanks with aliquid heel, the amount of vapor lost during filling
will be less than the amount for internal floating roof tanks because of wind effects. The
“arrival” component will be partially flushed out of the tank by the wind, so the preceding
eguation requires the addition of a correction factor, Cg to the saturation factor as shown in
Equation 2-27.
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PV, o
RTg

L, = ey s) (2-27)

The basic premise of the correction factor is that the vapors expelled by wind action will
not be present in the vapor space when the tank is refilled, so the amount of saturation is
lowered. Thisisdemonstrated in Equation 2-28.

- (one day of wind driven standingi dieloss) - one day without wind standing idle | oss) (2-28)
< one day without wind total loss

The equation for the saturation factor can be smplified based on other equations
contained in this section as shown in Equation 2-29 and Equation 2-30.

&g Equation 2 - 19) - (Equation 2- 16) O

Cy =1- : : . (2-29)
(Equation 2 - 16) + (Equation 2- 26)
60
26(057 ng DP' M, )- E?wd KEEEPVV My ngj
Cg¢ =1-¢ aEPV . (2-30)
c & <’:EPV 0 00 =+
Ke ¢c——=M K = M = .
¢ g CegRT g tegTEYY T oo ,‘a

where:
Cg = filling saturation correction factor, dimensionless
ng= number of days the tank stands idle with the floating roof landed, dimensionless
Ke= vapor space expansion factor, dimensionless

KE:m'ﬁ omBPo (2.31)
T (P, - P)a

where:
)T, = daily vapor temperature range, ER
T=  averagetemperature of the vapor and liquid below the floating roof, ER
B = constant from the vapor pressure equation shown in Equation 1-24, ER
P=  truevapor pressure of the stock liquid, psia
P,=  amospheric pressure at the tank location, psia
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Vv = volume of the vapor space, ft*

(2-32)

where:
h, = height of the vapor space under the floating roof, ft
D= tank diameter, ft
R= ideal gasconstant, 10.731 psiaft® / Ib-mole R
My = stock vapor molecular weight, I1b/lb-mole
Ks= standing idle saturation factor, dimensionless
S=  filling saturation factor, dimensionless
P =  vapor pressure function, dimensionless
1= stock liquid density, Ib/gal

=

Drain-Dry Tanks

The “arrival” component of filling losses for drain-dry tanks is completely covered by the
“clingage” loss. Once thisinitial loss occurs, there is no remaining liquid inside the tank.
Therefore, there is no vapor in the tank that could be expelled by the incoming liquid.

However, the “generated” component remains a valid aspect of the model. Therefore, the
filling loss calculations for drain-dry tanks are identical to the filling loss calculations for internal
floating roof tanks with aliquid heel. Although the equations are the same, the saturation factor
will be lower for drain-dry tanks due to the lack of an “arrival” component. AP-42 Chapter 5,
Petroleum Industry, provides emission factors for the loading of gasoline and crude oil into
compartments according to the prior state of the compartment. A drain-dry tank would be most
similar to atank that was cleaned before filling because a cleaned tank also lacks “arrival”
losses. The emission factor (0.33 [b/1000 gallons) for this kind of tank can be converted to a
saturation factor by assuming a pressure of 8 psia (the same assumption used in the formulation
of the emission factor), and substituting the molecular weight of gasoline (64 Ib/Ib-mole). The
resulting saturation factor is 0.15. The equation is the same as Equation 2-26 with a different
assumed saturation factor.

&PV, 6
Lg =¢—~=M, S

eRTg (2'26)

where:
Le= fillingloss, Ib
=  truevapor pressure of the liquid within the tank, psia
Vv = volume of the vapor space, ft*
=  idea gas constant, 10.731 psia-ft¥/(Ib-mole-ER)
=  average temperature of the vapor and liquid below the floating roof, ER
My = stock vapor molecular weight, I1b/lb-mole
= filling saturation factor, dimension less (0.15 for adrain-dry tank).



Table 7.1-17. Roof Landing Losses for Internal Floating Roof Tank with a Liquid Heel
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Standing Idle Loss

L PV ng Ke My K Equation 2-16
= uati =
ST RT ¢ "EMvhs
Ls £59D? h, W Equation 2-13
Standing Idle Saturation Factor
1 .
Ksg = Equation 1-20
1+0053(Ph,)
Ks£S
Filling Loss Equation
&PV, 0
L =¢ v . My S Equation 2-26
eRTg

Filling Saturation Factor (S)

S=0.60 for afull liquid hedl
S=0.50for apartial liquid heel
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Table 7.1-18. Roof Landing Losses for External Floating Roof Tank with aLiquid Heel

Standing Idle Loss .
Ls=057ny DP M, Equation 2-19
Ls £59D? h, W Equation 2-13
Standing Idle Saturation Factor Not applicable
Filling Loss Equation
_®PY 0 -
Lp = g—Fs My (cs ) Equation 2-27
. & aPV, o 60
¢l0.57n, DP M, -énd Ke g —M KS_
(; —_
C, =1- g £ Equation 2-30
e PV, o
g énd = M Kg éM Sg RT
ﬂ
Filling Saturation Factor (S) S=0.6for afull liquid heel
S=0.5for apartial liquid heel
Cy S? 015




Table 7.1-19. Roof Landing Losses for All Drain-Dry Tanks
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Standing Idle Loss

D20
Ls = 00063W gp + Equation 2-22
4 g
&P\, 0
Ls £ 0.60 (;—VV+ My Equation 2-23
eRTg
Standing Idle Saturation Factor Not applicable
Filling Loss Equation
&P\, 0
Lg = (;—W+ My S Equation 2-26
e RTg

Filling Saturation Factor (S) S=0.15




where:
Ls= standing idle loss per episode (1b)
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ng = number of days the tank stands idle with the floating roof landed (dimensionless)

Ke = vapor space expansion factor (dimensionless)

KE:DT ai OSOBPO
T T(P, - P)

)T, = daily vapor temperature range (ER)

=  average temperature of the vapor and liquid below the floating roof (ER)
=  constant from the vapor pressure equation shown in Equation 1-24 (ER)

=  truevapor pressure of the stock liquid (psia)

.= amospheric pressure at the tank location (psia)

Vv = volume of the vapor space (ft°)

tank diameter (ft)

stock vapor molecular weight (Ib/Ib-mole)

filling saturation factor (dimensionless)
vapor pressure function (dimensionless)

T VWA DOZF
v <

P
. Pa

. 0552

é aePou 0
91+ 61- ¢ —=(
& 8 ehgg 3

W, = stock liquid density (Ib/gal)
he= effective height of the stock liquid (ft)
Le= filling loss per episode (Ib)

Cg = filling saturation correction factor (dimensionless)

13

height of the vapor space under the floating roof (ft)
ideal gas constant (psiaft® / Ib-mole R) = 10.731

standing idle saturation factor (dimensionless)
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Full Liquid Heel Partial Liquid Heel Drain Dry
(standing liquid (standing liquid only (no standing liquid,
across the entire bottom) in or near a sump; only liquid is clingage)

clingage el sewhere)

Figure 7.1-20 Bottom conditionsfor landing loss.?
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{ replacement for Figure 7.1-1 currently on Page 7.1-30}

Breather vent (open or P/V type)
Float gauge conduit

Tank roof and shell
(not insulated)

Gauge-hatch/
sample well

Roof manhole

No floating roof

Stable (nonboiling)
stock liquid

Figure 7.1-1 Typical fixed-roof tank.?
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{A new reference was added for the landing loss section (21); technically the references should be re-
numbered, but that would entail a completely new Chapter 7}
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