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ATTACHMENT V

-- DEVELOPMENT OF DECK SEAM FACTORS (F;, K., 5.)

. The procedure used to calculate the deck seam factors (F,, Kq»
sd) for internal floating-roof tanks, as presented in the third edgtion of
API Publication 2519, is outlined below in Section 5.1, Section 5.2
contains the detailed calculations for the deck seam losses and Section 5.3
contains the detailed calculations for the deck séam factors. Section 5.4
outlines the derivation of the formulas used to calculate deck seam length
factors (5,4).

. Calculatioﬁ Procedures

The following sources of information were used in developing the

deck seam factors: the API analysis of the raw data from the CBI test tanmk

proéram and the desciiptions of test conditions and the calendars of events
contained in CBI's final report.

After an extensive review of this information, the following
procedures were used to calculate deck seam factors:

- L ]

Based on test tank loss data, the following calcalations and
assumptions were made: ’

- Total deck seam jlosses in the test tank were quantified by
. comparing tests in which all loss sources were sealed with tests
in which all loss sources except the deck seams were sealed.
Total deck seam losses were measured in Phases 1l/1R and 3/3R in
which bolted decks were tested. The welded deck tested in
Phase 2/2R was not considered as an independent loss source; it
was assumed that no losses occur from properly welded decks.

~" In order to relate the total deck seam losses measured in the
test tank to those from any given tank, it was assumed that deck
seam losses would scale as a function of the length of the deck
seam. This follows from the assumption that deck seam losses
occur continuously or from discrete, localized points which are
distributed along the entire length  of the seam. This assiumption
could not be evaluated from currently available data, however, it
was judged to be the most reasonable assumption which ecould be
made, and one which would, if anything, tend to over-estimate
rather than underestimate losses from various deck seam
constructions. Therefore, the loss per length of seam was
calculated for both Phases 1/1R and 3/3R, from the calculated
total deck seam losses and the measured lengths of deck seams in
each phase.

- Since the loss per seam length was not equivalent in Phases 1/1R
and 3/3R, consideration was given to determining two different
deck seam loss factors or to averaging the results to determine
one general deck seam loss. factor applicable to any bolted
seam. 1Iwo deck characteristics were different for the decks in
Phases 1/1R and 3/3R: the location of the deck relative to the
liquid stock (one was a contact deck, the other a non-contact

. deck):; and the construction details of the deck seapms (one was of
overlapping aluminum sheet construction, the other was constructed
from atutting aluminum panels with a honevcombed aluminum core).
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Since it vads not possible to determine from the test results the
relative effects on loss of the deck location as compared to the
seam construction details, it was judged that only one average
deck seam lcss could be reported for bolted deck seams.

® Deck seam factors EF Kd, S.) were then developed from the calculated
average bolted deck seam loss per length of seam and from the
assumptions outlined above. -
Fgs K4, S were defined by equations relating deck seam loss to
tank diameter, stock vapor pressure, and deck seam-related
parTameters.

Detailed Deck Seam loss Calculatioqs

Based on the procedures outlined above, the following presents

- the detailed calculations of deck seam losses. The variables used in the

loss calculations zre defined as follows:

E, = loss from bolted deck seam (1b-mole/day)
Ex = )loss measured in test-tank test number X (lb-mole/day)
L = length of: deck seam (ft)

and a superscript on any variable denotes the test phase to which the
variable applies. !

Deck seam loss:
g /IR g L E,. = (0.0433) - (0.0417) = 0.0016
8 76R 77 . . .

ES3/3R « Eg, - Egs = (0.0338) - (0.0156) = 0.0182

Loss per length of deck seam:

g 1/IR ' g VIR :
) - -1‘7-1-]1— , where LY/2® o 36 ¢,
. L _ ' .
(0.0016) _ -4 1b-mole/day
"3y - 04 x 10 Tt
3/3R . 3/3R
E E 3/38

: ,G‘i). - F , Where L = 89 ft.
L T
'

_(0.0182) " =4 1b-mole/day
ity 04
@y - 204 = 10 £t
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Average loss per length of deck seam:

.Es 1/1R T sl}/BR
By, @ @
\L ; . R 2
» -4 | -A
(0.44 x 10 7)) + (2.04 x 10 ) =4  lb-mole/day
= - 7 = 1,24 x 10
ft
Detailed Calculations of Deck Seam Factors .

Three parameters, Fd’ Kd' and S,, felated to.deck type and deck seam
construction were developed. The variables used in this developemnt are defined as
follows: : '

" A = area of deck (ft.) = (-D 2

D = tank diameter (ft)

Ey = deck seam loss (lb-mole/yr)

E; = loss from bolted deck seam (1b-mole/day)

F, = deck seam loss factor (lb-mole/yr)

ﬂ = factor relatiﬁg deck seam loss to seam length

and stock vapor pressure {(lb-mole/ft yr)

K; = deck seam loss factor per unit seem length (lb-mole/ft yr)
E = length of deck seam (ft)

P* = vapor pressure function (dimensionless)

)

= 2 P 5.3 , Where:

"1+ --) )2

P = true vapor pressure (psiaz)
-Pa = atmospheric pressure (psia)

Sq = deck sean length.factor (ft/ftz) = —=

Boltedfdeck seam factor per unit seam length, K;:

The following equation relates deck seam loss to the length of
deck seams, the stock vapor pressure and a parameter related to the deck
type ‘and seam construction:

- ' . Eg=kLP*

The form of the above equation is not particularly useful since
the deck seam length will seldom be known. FHowever, the deck seam length
per area of the deck, S , can be approximately determined for various deck
constructions, such thag this is a more wseful variable. The above
equation thus becozmes:




o

By‘substitu:ion:.
T 2 _*
. Ed . ksd-(—z—OID P

The deck seam loss factor per unit seam length, Kq» 1s then defined as:

T
i Kg= (&
such that: -
- . , - an (KdeD‘) P

By substitution and rearranging the above equation:

/
. T Eq
d sdn2 P L p¢ p*
n 2
(=)o
). | E
-(P* ) T )

To calculate an avefage value of X; for bolted deck seams, use the*avefage
loss per length of deck seam calculated for bolted decks and the P" value

. at the test conditiom of P = 5,0 psia:

L

o )

R A AT
= 0.34 lb-mole/ft yr

) (1.24 x 10-4 lb-mole/day) (365 day/yr)

Deck seam length factor, Sy:

By definiﬁion, Sd can be.directly caleulated from the following
equation: .




L
S¢ "%

For cases when the length of the seam, L, is not known, S; can be
approximated from the following equations - - - e

“ me g

For _decks with continuous sheet construction:

”

1
sd i

where: w = sheet width (ft)

For decks with panel construction:

l+vw

S " Ty o

where: 1 = panel length (ft)
w = panel width (ft)

Deck seam loss factor, Fa:

/

This general loss factor 1is defined as that factor which relates

deck seam losses to stock vapor pressure, such that Fy 1s defined by the
following equation: '

E, = (F,) P

From the previous discussions im 5.1 and 5.3, F4 can be specified for
different deck seam types as follows:

.

- For bolted deck seams (i.e., seams which are mechanically joined
by any method): . . -

F, =X.S.D

For welded deck seams:
\ Fd-O
- " For any other type .of seam (e.g., adhesively — joined seams):
Fq - can not be determined from available data.

Derivation of Deck Seam Length Factor Equations

The deck seam length factor is ‘defined as the ratio of the total
length of deck seazs, L, to the area of the deck, such that:




L
S¢ =2

'Houever, the'deck sean length will seldom be known. Therefore, equations

have been developed to calculate approximate values of the deck seam length
as a function of primarvy characteristics of the construction of the deck.

Specifically, two general deck constructions were evaluated: continuocus

sheet construction, with seams only along the edges of the sheets; and
rectangular panel construction, with seams along each edge and
perpendicular joints at the corners of each panel.

*Continuous sheet construection:

As shown below, for a deck constructed from continuous sheets
with seams enly along the edges, an element of the deck can be chosen which

' is one foot wide and as long as the width of the sheer, w (ft).

Sheet
Width

Seam

ELEMENT
DECR

‘-Thus, the area of an element Ay 1s the skin width in feet times ome foo:,

such that:

e = (@) (1) =w
The. area .of the deck can be generated by moving this element along the
entire length of the deck seam, L. Therefore, the area of the deck is
given by: R .

.A = L Ae_' Lw-

The deck seam length factor, Sd, thus becomes:!




For & f: - wide sheets:

x 1 . 2
?d -— 0.167 fr/ft
For 7 ft ~ wide sheets: .
. d 7 *

Rectangular Panel Construction:

- ~ As shown below, for a deck constructed from rectangular panels,
an elezent of the deck can be chosen which has a width, w, and a leagth, 1,

equal to the width and length of a panel.

",—==F=====¢
- Panel
- ;- Width
— - Seams X
. B <; ' Panel
. ‘Length
s B | Y -
S~ ELEMENT
DECE

Thus, the area of an element, Ay, is the panel width times length, such

that:

1
Ae =yl

Iﬁe area of the deck is equal to the area of an element times the number of
elements which make up the deck, N, such that:

A=NaA, =N (w1)

The length of deck seam associated with each elepent, L., is equal to the
element length ‘pius the width, such .-that:

Len-ﬂJ-

By
L O -




Thus, the total length of deck seams is eéual to the seam length associated
with each element timés the number of elements which make up the deck:

L= NL, = N(w)

The deck seam length factor, S4» thus becomes:

S = L __N (w + 1) - (w + 1)
d A . R {(w 1) {(w 1)

For a 5 £t x 7.5 ft panel:

S, =~y = 0-333 fr/fe’

For a 5 £t x 12 £t panel:

- CoL (5 +12) 2
Sd W .0.283 ft_/ft

) Clearly, for bothideck construction cases, the above calculations
are approximate, due to the edge effects related to using a small
rectangular element to generate a round deck. However, the error
associated with this approximation would become significant only as the

diameter of the deck becomes very small.
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.~ ATTACHMENT VI

. = DEVELOPMENT OF RIM SEAL L0SS FACTORS (K=l

The procedure used to calculate the rim seal loss factors (K.)
for internal floating-roof tanks, as presented in the third edition'of APL
Publication 2519, is outlined below in Section 3.l1. Section 3.2 contains
the detailed calculations of rim seal losses, and Section 3.3 contains
detailed calculations of rim seal loss factors.

3.1 Calculation Procedure

The following sources of information were used in developing the
rim seal loss factors: the API analysis of the raw data from the CBI test
tank and bench test programs; the descriptions of test conditions and the
calendars of events contained in CBI's final report; and some information’
developed during the test program which was not included in CBI's final
report (but which is specifically noted in the following section).

After an extensive review of this information, the following
procedures were used to calculate rim seal loss factors:

¢ To isolate the rim seal losses from the deck seam and fitting losses,
the following calculations were made:

-~ Total deck seam losses were determined for the bolted decks in
Phases 1/1R and 3/3R. The welded deck in Phase 2/2R was assumed
to have no loss.

- Total residual losses measured when all loss sources (rim seals,
fittings and bolted seams} were covered with a polyurethane-
coated nylon fabric were quantified. This total residual loss
was apportioned to the rim seal and fittings areas by the
relative amount of fabriec used to cover each area., (No residual
loas was attributed to the deck seam area due to extensive
caulking and taping of the fabric during the residual loss
tests,) The residual loss is presumed to result from permeation
through the polyurethane~coated nylon fabric.

- Total deck fitting losses were determined for each phase, since
different numbers and types of fittings were included in each
phase. Both test tanmk and bench :est data were used.

- A total deck loss was calculated by summing the deck seam and
fitting losses for each phase,

® Rim seal losses were then quantified for each rim seal system tested
in each phase, for each seal gap condition tested. This was done by
subtracting the appropriate deck and/or residual losses from the total -

- measured loss in each test,

= 1In general, only octane/propane tests were used to quantify rig
seal losses. However, if no octane/propane test could be used to
directly determine the loss for a given seal condition, pure
octane data were used to prorate losses from one condition to
another.
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Data from the first 19 tests, conducted before the inlet air duct
heater was installed, were not used directly, but only
indirectly, to prorate lossas for conditions not tested
subsequent to the imstallation of the heater.

The —appreoach taken in calculating the loss for any given
condition was to use as much relevant data as possible. When the

- loss for a given condition could be calculated from more than one

combination of weasured test results, all combinations were
considered and averaged.

In Phase l/1R, three different primarv flexible wiper seals were
used due to seal installation problems. The original seal was
used during tests 1-12; no loss data were directly used from this
seal since these tests were not temperature controlled. The
first replacement seal (tests 13-3%4A) did not fit onto the deck
as well as-the second replacement seal (tests 73-77), although
both seals were judged to represent acceptable commercial fit.
Losses were separately analyzed for each seal.

In those cases where losses could be directly compared for the
first replacement (Phase 1) and the second replacement (Phase 1R)
vapor-mounted, flexible wiper seals and the vapor-mounted,
resilient filled seal (Phase 3/3R), it was observed that the loss
for the resilient-filled seal was within the range of the losses
from the two flexible wiper seals. Further, the losses for the
liquid-mounted, resilient~filled seal (Phase 2/2R) were generally
outside this range. Therefore, it was judged to be most
appropriate to average all the vapor-mounted seal losses (from
Phases 1/1R, and 3/3R) to quantify average losses applicable to
all vapor-mounted seals.

e Rim seal losses representative of two conditions of seal fit (i.e.,
average and tight fit) were then calculated for vapor-mounted and
liquid-mounred primary seals, with and without secondary seals,.

Seal gap weighting factors (developed from external floating-rtroof
tank data on the frequency of occurrence of various seal gap
conditions) were determined for both average fit and tight fic
(i.e., no gaps greater than 1/8 inch wide) conditions. These
weighting factors were then applied to the losses calculated for
each seal gap condition for the average vapor-mounted and the
liquid-mounted rim seal systems.

® Rim seal loss factors (K,.) were then developed from the calculated
losses for the average-fit and tight-fit cases for vapor-mounted and
liquid-mounted primary seals, with and without secondary seals.

K. was defined by an equation relating losses to tank diameter
and vapor pressure.
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Detziled Rim Seal Loss Calculations

Based on the procedure outlined above, the following presents the
detailed calculations of the rim seal losses., The variables used in the
calculations are defined below:

Ap = total area of sealing fabric used to cover all loss sources

during some of the tests in the test tank (ft<)
. Ap = area of fabrle covering the fittings (ft<)

Ap = area of fabrie covering the rim seal (ftz)

c = correction factor used to adjust for thermocouple leakage in
Phase 2  (dimengsionless)

E - = typlcal rim seal loss from average or tight-fitting rim seal
systems (lb-~mole/day)

Ey = loss measured in test-tank test number X (lb-mole/day)

Ea/b = loss fiom rim seal system with a primary seal gap of a

inches?/ft diameter and a secondary seal gap (if present) of b
incheszlft diameter

Ep = total loss from deck {lb-mole/day)

Ep = loss from fittings (lb-mole/day)

Eg = loss from bolted deck seam (lb-mole/day)

Fy = loss measured in fitting bench test number X (lb-mole/day)

Ry = total residual loss measured when all loss sources were coverad

with sealing fabric (lb—mole/day)

R = residual loss through fitting sealing fabric (1lb-mole/day)

Rg = residual loss through sealing fabrie covering the rim seal area
{1b-mole/day)

)pre = subscript denoting test run prior to installation of air inlet
heater in test tank

doctane ™ Subscript denmoting test rum with octane

u = subscript denoting fitting were ungasketed

e = gubscript denoting fittings were gasketed

and a superscript on any variable denmotes the specific segment of the test
phase to which the variable applies. If no superscript is used, the
variable applies to both the original and repeated segments of the test
phase. The following calculations are summarzed in Table 3.1, The
calculated losses for each test phase are summarized in Table 3.2, and the
typical rim seal losses and rim seal loss factors are summarized in

Table 3.3.

Phase 1/1R Loss Calculations

Deck seam loss: assume deck seam losses in both Phases ! and 1R are equal
to those measured in Phase 1R, since same deck was used and seam loss
was not directly measured in Phase 1.

Eg = Eygg = E57 = (0.0433 ~ 0.0417) = 0.0016

Residual losses: Ry values for Fhases 1 and IR are significantly
different, which is reasonable since the sealing fabric was more
extensively taped in Phase 1R than in Phase 1,




Y

! .
P; = Ey3 = Eg = (0.0714 - 0.0016) = 0.0698

IR )
P

From zeasurements made during test program:

= E5. = 0.0417

- 114 fE
-20 ft
= 94 £t

Therefore:

Ry = ({32) Ry = (0.175)(0.0698) = 0.0122

R 20

1 IR
R \TTZ) Ry = (0.175)(0.0417) = 0.0073
1 94, _1

Ry = (777) Rp = (0.825)(0.0698) = 0.0576

Ry = Gf%%) BN = (0.825)(0.0417) ‘= 0.0344

Deck fitting losses: the column well in Phase 1 was ungasketed, whereas in
Phase IR the column well was gasketed. Assume Egpy;, applicable to
Phase 1R, is equal to as measured in Phase i. times the ratio of
gasketed to ungasketed co?umn well losses, as measured in the bench
tests. Therefore: '

E., +E
24 25 1
Epyg = ) ~ (B3 - &)
- (0:1200 ; 0.1080) _ (0.0714 - 0.0122) = 0.0548
glR ol Foa
Y U I e
(=)

2

(o.osas)[ 3.38 )} = 0.0395

Total deck losses:

1 = 1 = =
_ Epyp = Eg *+ Epyy = (0.0016) + (0.0548) = 0.0564

IR IR -
Ebyg = Eg * Epyg = (0.0016) + (0.0395) = 0.0411




Rim seal losses: 1
Define EO/- as the average of EO/- and Eé}_:

21 Faia,20ar * Eam 2ieR *'Ezlc,21cn] gl
0o/~ " 3 " Epyv
- r0.129 + 0,102 + 0.108)‘ _ [0 056“') = 0.0566
\ 3 L2 -
(R Fraa T E?&] .
o/- " Tz 7 Epye
- (20628 + 0:0827) _ (0.0411) = 0.0217
el IR
_ For=* Fos-y _ 00566 + 0.0217, _
Eg/- { 7 ) ( o ) = 0.0392
Define E

_ as the average of El/- and E%&_, since (as shown bslow)
the loss fr m the second replacement seal with a gap of 3 inches®/ft
diameter (E _) is 1 ss than the los? from the first replacement seal
with a gap oé 1 inch /ft diameter (E _)+ (This regult is not
inconsistent, since with no gaps in e ther seal the loss from the
second replacement seal was significantly less than from the first
replacement seal.)

. (Ezza * Ey28,2281

/=

*Epc FEiea t Ezen) _ ol

5 Eyu

- (Q:162 + 0.173 + 0.211 + 0.117 + 0.128,
5

- (0.0564) = 0.0978

Eyy_ = Eg5 = Epyg = €0.0730) - (0.0411) = 0.0319

= (0.0649

Ey)- * Eq/. 0.0978 + 0.0319
=( 2 )3( i‘ )

Alternatively, average losses for gaps of 1 and 3 inchesszt diameter
can be calculated by adjusting the measured losses for each gapped
primary seal tested by the appropriate ratio of measured and average
losses for the no—gap cases. However, as shown below, this yields an
essentially equivalent result for Egap/-’ so the above, more direct
calculation was used.

1 Eos- 0/=y _ ¢ (0.0392,
E;j- = B/ Sy (0.0978 ) (5 55z5) = 0.0703

o/~
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IR 01 u /0.0392
Ey;- ™ Eq o —=) = {0. 0319)\0.0217; = 0.0574
0/—
E., +E
w (1/= " "3/1, _ ¢0.0703 + 0.0574, _
Egap/_ ( 5 } = 3 ) = 0.0639

For all secondary seal cases, the only directly applicable data are
from octane tests, both with and without a2 secondary seal. (All
octane/propane data on secondary seals were developed prior to the
installation of the inlet air duct heater. These data were judged to
be useful only for comparative purposes.)

E,,,=E ( “1/0 ) octane
1/0 1/= El/
. E

E

31 31A
) -

hu +

= (0.0978) [.

o ED)U, P=0.5 psia]
29R ED)U, P=0.5 psia

[

0.0357 + 0.0256y _ ¢ o047
2 -
= (0.0978) [: (0153 = 00057 ] = 0.0183

*
o .
=0.5 pst
Eyy ]

where: Epyy pao,5 psia = >
p=5.0 psia

0. 0087)

= (0.0564) (553

= 0.0047 .

Agsume EB/O = EI/O = 0.0183, sinece for the primary seal only cases the
difference in losses from one seal to another was greater than the
differences of gaps from 1 to 3 inchesz/ft diameter, The 3/0 gap case
is the only one for which loss was measured both before and after the
heater -installation. Therefore, the following losses are calculated by
miltiplying the loss measured before the heater installation by the

ratio of losses for the 3/0 case measured both after and before the
heater installation.

E = F (,_Egig__
0/0 T0/0)pre E3/0)pre

whera:

1
E0/0)pre = El? RF ES

= (0.0698) - (0.0122) - (0.0016) = 0.0560




- - 1-
E3/0)pre Eis = B Eq

= (0.110) - (0.0122) - (0.0016) = Q.0962

Therafore:
0.0183
Egjo = (0.0560)(5555¢7) = 0.0107
r
Similarly:
e g Es/0
whera:
E + E
19 19A 1
E3/1)pre ( 2 ) Fr T s
- (0.134 ;— 0.147] - (0.0122) - (0.0015) a 0.1267
Therefore:
0.0183
Eyjy = (0.1267) (Figgz) = 0-0241

Phase 2/2R Loss Calculations

After ten tests were conducted in Phase 2, product leakage was
observed through one of the deck thermocouple fittings. The leak was then
sealed and a few previous tests were rerun to determine the effect of this
legkage on total loss, By comparing the repeated test results, a leakage
correction factor, C, was developed, which was used to correct all measured
losses in tests 35 through 44,

Eys * Eyy
c - (B4 = Bys] + [(27—) - Egl
3

) (0.0149 - 0.0069) + [(2:0368 £ 0:0237) . ¢ 0246]

- 5 = 0.0083

Deck seam loss: a welded deck was used, therefore:

Eg = 0




. .;)
a

Residual losses: the sealing of various loss sources only occurrad in
Tnase 2 (not in Phase 2R), therefore, only one Rm value ig czlsu-ated:

(E,, = C)+E

-
Re = ¢ )

43] o [£0-0189 - 0.0083) + (0.0069)1 . g gogg

x

From measurements made during the test program:

- 116 fEZ

F-a 32 f:
R = 94 ft

Therefore:

Ry = (3%) R, = (0.276)(0.0068) = 0.0019
84
Ry = (33g) Ry = €0.724)(0.0068) = 0.0049

Deck fitting loss:

By R+ (g = (Bpg = Rg)]+ [Epy - (B - - R)]
B 3
_ (0.017-0,0049) + [0.0264—(0.0188—0.0019)] + [0.0202-(0.0176-0.0083-0.0019)]
: 3

= 0.0109

Total deck loss:
ED = ES + EF = 0 + 0.0109 = 0.0109

Rim seal losses:

-

(Eys - C - B+ [Ey, - c- B ]+ [E, - E;] + [Eg - Rp]

0/1 A

= {[0.0366 - 0.0083 - 0.0109] + [0.0297 ~ 0.0083 - O. 0109] +
[0.0246 - 0.0109] + [0.0188 - 0.0019]} / 4

= {¢0.0174) + (0.0105) + (0.0137) + (0.0169)} / 4
= 0.0146




Eq o = Egg = © = Ep = (D.0334) = (0.0C23) - (0.0105Y = 0.0147
f": - - 3 f - - -": f - )
. S R LR YR ED * (Eyp = EpJ
E; . .
- L( 0359 < 0.0083 - 0.0109) + (0.0301 - 0.0083 - 0.0109) +
(0.0247 - 0.0109) + (0.040 - 0.0109)] / 4

[€0.0167) + (0.0109) + (0.0138) + (0.0291)] / 4 = 0.0176

53/_ = 539 -C- EF = (0.0492) - (0.0083) - (0.0109) = 0.030

EO/O = E&l -C - RF = (0.0154) - (0.0083) - (0.0019) = 0.00S52

) (Epp = € - R ] + [E5g - Ep]
7

E /0
_ [0.0176 - 0.0083 ~ 0.0019] + [0.0202 - 0.0109]
2
_ (0.0074) : (0.0093) 0.0084
Eyy = Ejy = C = Ry = (0.0269) = (0.0083) = (0.0019) = 0.0167

Phase 3/3R loss Calculations

Deck seam loss:

Es = E56 - ESS = (0.0338) - (0.0156) = 0,0182

Residual losses: the sealing of various loss sources only occurred in
Phase 3 (not 3R); therefore, only omne Rp value is calculated:

Rp = Ess = 0.0156

From measurements made during the test program:

= 147 fg
A; = 17 ftr )
ap = 130 ft » including 60 ft® covering the rim plate extension seam
and 70 £t~ covering the rim seal area.
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Therafore:

By = {{7=! RBp-= (0.116)(0.0158) = 0.0018 .

. TH RN
Rrim plar.e ‘_Tz-}-.-j B,I = (0.408)(0-0156) 0.0064

¢+ 70
Fseal ares ‘147\ RT (q-475)(0.0156) 0.0074

Deck fitting loss:

Ep = Egg = {Eg; = R) = (0.0433) - (0.0345 - 0.0018)

= 0.0106

Total deck loss:

Ep = Eg + Ep = (0.0182) + (0.0106) = 0.0288

Rim seal losses: the loss from the rim plate extension seam was
independently calculated:

Erim plate * ES? 56 Rrim plateJ

= (0.0345) - (0.0338 - 0,0064) = 0.,0071

- (E

This rim plate loss was considered to be part of the total rim seal
loss and is implicitly included with the rim seal loss in all
subseguent calculations.

EO/- = E59 - ED = (0.0536) - (0.0288) = 0.024%

(Egp ~ Ep) * (Egy - Ep)

Byj- —3

} _ €0.0574 - 0.0288) ; (0.064% - 0.0288) _ 0.0324

Egy ~ Ep = (0.2690) - (0.0288) = 0.0402

61

= E - E = (0.,040) - (0.0288) = 0.0112
EO/O 552’523 D ( ) ( )
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E 4= E - T = (0.0399) - (3.0288) = 0,.112

E

31 = Esc = Fp = (0.060) - (0.0288) = 0.0112

Typical Rim Seal Losses for Vapor-Mounted and liquid-Mounted Rim Seal Svstems

Since the seal gap size is not known or readily measurable ifor
any given internal floating—-roof tank, two general conditions of seal fit
were defined: average and tight. To determine losses from average-fitting
seal systems, gaps between the seal and the tank shell from hundreds of
external floating-roof field tanks with resilient filled seals were used to
determine seal gap size frequency distributions for both primary seal only
and primary plus secondary seal svstems. (Data from extermal floating-roof
tanks were used because no data exist. on seal gaps in internal floating-
roof tanks and it was judged that seals in internal floating-roof tanks are
likely to fit at least as well as those in external floating-roof tanks.)
From these seal gap size distributions, factors were determined which were
used to weight the loss data from seal systems with various seal gap areas
to develop a typical loss which is representative of seal systems with
averge fit between the seal and the tank shell.

Tight-fitting seal systems were defined as those which
congistently have no gaps greater than 1/8 inch wide between the seal and
the tank shell, To determine typical losses from tight-fitting primary
seals only, loss data from “zero—-gap" primary seals were directly used, To
determine losses from tight-fitting primary plus secondary seal systems,
loss data from "zero—gap™ secondary seals wgre used, by averaging that data
for both "zero-gap” and small (i.e., 1 inch“/ft diameter) gap primary seals
under the secondary seal.

Average—fit loss calculatioms:

For primary seal only, the following weighting factors and loss values
for various seal gap areas were used:

E = (0.65) Ej,_ + (0.25) E,,_ + (0.1) E

0/~ / 3/-

For primary plus secondary seal systems, the following weighting
factors and loss values for various seal gap areas were used:

- E + E
r0/0 1/04

1

The above equations were used with the loss data summarized in

Table 3.2 for vapor-mounted and liquid-mounted seal systems to
calculate trpical losses from average—fitting seal systems (summarized
in Table 3.3).




For vapor-mounted seal svstems:
with prizary seal only:

E = (0.65)(0.032) + (0.25)(0.0487) + (0.1)(0.0526)
= 0,0382 lb-mole/day

With prizary plus Eecondary seals:

E « (0.75) [{8-Q1O) > (0-0147)7 4 (0.25)(0.0177)
= 0,0141 lb-mole/day
For liquid~mounted seal systems:

with primary seal only:

E = (0.65)(0.0146) + (0.25)(0.0176) + (0 1)(0,030)
= (0.0169 lb~mole/day

With primary plus secondary seals:

[(0.0052) ;_— (0.0Q84)] + (0.25)(0.0167)

= 0.0093 lb-mole/day

E = (0.75)

Tight-fit loss calculations: 1loss data from Table 3.2 for vaper-mounted
and liguid-mounted seal systems were used as shown below to calculate
typical losses from tight-fitting seal systems (Summarized in

Table 3.3).

For vapor-mounted seal systems:

With primary seal only:

E = 0.032 lb-mole/day

With primary plus secondary seals:

E - ({20110 * Q.0187)} . 9.0129 1b-mole/day

For liguid-mounted seal systems:
With primary seal only:

E = 0,0146 lb-mole/day




. .L.‘

with primary plus secondary seals:

rn-- - 00 3 . .
Ee = 2052) : { 008“1 = 0.0068 lb-mole/day

-

3.3 Detailed Rim Seal Loss Factor Calculations

A parameter, K], related to seal type and fit was defined bv the
following equation: -

»
E. = (KrD) P
where:

= ria seal loss (lb-mole/yr)

= rim seal loss factor (lb-mole/ft yr)

= tank diameter (ft)

= vapor pressure function (dimensionless)

P
(-2-)
- a » Where: P = true vapor pressure {psia)

[1 + (1 _.%_]0-5]2 P_ = atmospheric pressure (psia)
a

*u*t:l'{"cﬁm

Rim seal loss factors, K_, were calculated by rearranging the above
equation, with the calculated rim seal losses for average and tight-fit
seal systems, for vapor-mounted and liquid-mounted seals. The other
variables in the equation were set by the test tank conditions during the
rim seal loss tests. Therefore:

whera:

E. = E (lb-mole/day) * (365 day/yr)
D* = 20 ft
P = 0.1036 (at P = 5 psia)

By substituting the above values into the equation for K.:

365
_ k. = lzoyoTosey] E

= (176.16) E

The calculated values for K: are shown in Table 3.3.
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: "DEVELOPMENT UF PRUDUCT FACTOR (Kc)

In the external floating roof tank emissious tesc
program comparisons of emissions from gasoline with those froa
octane/propane mixtures were nade under equivalent test conditions
These results revealed that the measured gasoliine emissioas
could he predicted based on the octane/propane emission resulcs
by accounting for true vapor pressure (TVP) and molecular weight
(Hv) differences between these products. However, siailiar
comparisons with crude oil revealed that even after correcting
for TVP and 4, differences the emissions calculated based on
octane/propane results had to be multiplied by a factor of 0.4,
which we called a product factor (K ), to be equal to the
measured crude oil emissions. This observation was attributed
to the mass transfer of light end components through the liquid
crude o0il being substantially slower than the mass transfer of
the liqht ends from the liquid surface into the vapor phase.

Mass transfer of the propane through the octane/propane
mixture to the liquid surface is naturally necessary tc sustain
a constant ewmission rate when all conditions causing the emissioans
remain constant. With a single component sStock no mass transfer
through the liquid is required to maintain a constaat emission
rate since the single component 1s always available at the
surface to evaporate. If the mass transfer rate of propane
through the octane/propane liquid is appreciably slower than the
liquid to vapor mass transfer rate of propane then use of
octane/propane emission results to predicc single component
emlissions results could uvuoderesctlmate the emissicns even after
correcting for TVP and nv differences.

During the internal floating rovof tank emission cest
program several tests with each of the 3 differeat deck/seal
combinations were conducted in which the only variable was the
vapor pressure of the octane/propane nixture. In addiction,
several cests were conducted with the single component stocks
n~hexane and n~octane. The average emissions for each of these

tagsts, ar the average TVP for che test, are given in Table 3.l-1
and chey are plocted in Figures B.l-l cthrough B.l-4, A linear
regression was performed to obtain an equation for emissions
from the octane/propane aixtures versus TVP, f.e. E = #(IVP) +
B. The values of M, B, and che multiple correlation coefficiant
squared (R**2) are given in Table B.l-1l. The straight lines ¢a
Figures 3.1+1 through B.l~4 are based on the appropridte 4 aad

B values given in Table B.l-1l.

The information presented in Table B.l-l and ia
Fizgures B.l~l through B.l=4 clearly shows that, in general, the
single component stock emissions are either close to the value
which would be predicted based on the octane/propane resulcs or
they are overestiazacted by the octdne/propane rasults. as uovted
in Tabdle 3.1i+1, considering the dody of the data as a wnule tne
most reasonable conclusion is that octane/propane euission results
can he used to estimate single coaponent emission resulcts siuply
by accounting for TVP and il differences. Therefore the product
factor (K ) to be used whenves:imating single coaponent
emissiouscfrom the octane/propdane derived emission estiadcion
equations is 1.0,
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