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SUMMARY

The American Petroleum Institute (API) intends to revise their
Bulletins 2519 [11* and 2523 [8] for use in estimating product

loss or atmospheric emissions from internal floating roof tanks
(IFRT). This revision will be developed from an information data
base gathered from several sources including: field tank test data;
pilot tank test data; laboratory test data; wind tunnel test data;
and survey information. In revising the bulletins, it is intended to
evaluate the independent emission contribution of each IFRT component
including: seals; roof seams; and roof fittings.

To develop part of the information data base, an "IFRT Test Program"
was performed by Chicago Bridge & Iron Company (CBI) under CBI
Contract 05000 for the API. The Test Program was divided into four
(4) phases: '

Phagse 1: Pilot Tank Emission Tests on a Bolted,
Noncontact IFR

Phase 2: Pilot Tank Emission Tests on a Welded,
Contact IFR

Phase 3: Pilot Tank Emission Tests on a Bolted,
Contact IFR

Phase 4: Bench Scale Emission Tests on IFR Deck
Fittings

The test conditions which were specified for use during Phases 1
through 3 were intended to permit an evaluation of the emission
effects due to:

*Numbers in brackets indicate reference numbers at the end
of this report.
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Primary Seal Type
~Primary Seal Gaps
Secondary Seal Type
Secondary Seal Gaps
Roof Seams
Roof Fittings
Internal Air Flow Distribution
Roof Elevation
Product Type (Both Single Component Products and Mixtures)
Product Vapor Pressure

Phase 4 involved measuring the emissions from selected generic
types of typical roof fittings including: column well; roof
drain; adjustable leg; sample well; etc.

The Test Program was performed at CBI's Emission Test Tank Facility
located at their Research Department in Plainfield, Illinois.
Phases 1 through 3 were performed in a 20 ft. diameter IFR test
tank, Phase 4 was performed in a test room equipped with five (5)
similar apparatus to measure deck fitting emissions under con-
‘trolled environment conditions.

In addition to the test work described above for Phase 1 through
4, the gcope of the program was later expanded to include:
laboratory and bench scale permeation rate tests on selected seal
fabrics; and laboratory evaporation tests on several types of
products.

The entire IFRT Test Program in the pilot IFR test tank extended
from August, 1980 through October, 1981. After the completion of
Phases 1, 2 and 3 in August, 1981, a complete review by the API
of the test data indicated the need to supplement the results with
additional tests. These additional tests involved all three of
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The IFR's previously tested, and the additional tests were per-
formed as Phases 1R, 2R and 3R, ending in October, 1981.

The IFR roof types used in this test program were selected so as
to represent the three most common generic types of IFR's. The
fabrication details used on the IFR's is typical of commercial
construction, and the fit of the primary.and secondary seals are
typical of a commercial fitting seal.

This report presents the results of the IFRT Test Program. A
detailed description of the chronological sequence of events during
the program is contained in Appendix A.

The measured test tank data is tabulated in Appendix B, and the
test results are plotted in a series of figures contained in
Sections 2.3, 3.3 and 4.3 for Phase 1, 2 and 3, respectively. The
measured bench scale roof fitting emission data is tabulated in
Appendix E, and the test results are summarized in Section 5.1.
Some observations regarding the trends in test results are made

in these sections, but it is not the intent of this report to
present a complete analysis of the test results. The test results
will be thoroughly evaluated by the API Committee on Evaporation
Loss Measurement, Task Group 2519 as they prepare for the revision
of API Bulletin 2519. Conclusions from the test results regarding
the emission contribution of IFRT components will be developed by
Task Group 2519.
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Nomenclature
_ngbol Description ) Units
ACy Measured (outlet-inlet) total by hydrocarbon ppmv

concentration change referred to the basis on
which the THA is calibrated (normally a propane

basis)
ACN Normalized (outlet-inlet) total hydrogarbon-con- ppmv
centration change referred to the basis on which
the THA is calibrated (normally a propane basis)
Emission rate .lbm/day
M Molecular weight of the hydrocarbon used to 1bm/1bm
calibrate the THA
PM Vapor pressure of the product at its test tem- psia
perature
PN Vapor pressure of the product to which the THA psia
concentration change readings are normalized o
Q Ailr flow rate | scfm
Ambient wind: speed mi/hr
Unit Description
1bm Pound mass
1bf Pound force
lbmole Pound mole
ppmv Parts per million on a volume basis
scfm Standard cubic feet per minute
psia Pound force per square inch, absolute
Chemical Compﬁund Notation
C3 Propane
nC5 Normal.pentane

nuceé Normal hexane




Nomenclature
T (Continued)

Symbol Chemical Compound Notation
C6H6 Benzene

nC7. Normal heptane

nCs8 Normal octane

1c8 Iso octane
C3/nC8 Propaﬁe and normal octane mixture

ncs5/ncC8 Normal pentane and normal octane mixture




1.0 Introduction

1.1 Objectives

The primary objectives of the IFRT Test Program were to:

(1). perform hydrocarbon emission tests in a 20 ft.
diameter pilot IFR test tank using three (3) dif-
ferent types of IFR's under a series of specified
test conditions to permit evaluation of the emission
contribution from the seals, roof seams and roof
fittings.

(2). perform bench scale emission tests on selected roof
fittings.

In addition to the above primary objectives, the scope of
test work was expanded to include: laboratory and bench
scale hydrocarbon permeation rate tests on selected seal
fabrics; and laboratory evaporation tests on several types
of hydrocarbon products.




1.2 Test Facility Description

The emission test program was performed in a covered
floating roof test tank at CBI's Plainfield, Illinois,
Regsearch Facility. Figure 1.1 is a process and instru-
mentation schematic of the test tank facility.

The test tank is 20 ft. in diameter and has a 9 ft.shell
height. The lower 5 ft-3 in. of the tank shell is provided
with a heating/cooling jacket through which a heated or
cooled water/ethylene glycol mixture is continuously cir-
culated to control the product temperature. This jacket

is insulated extermally, and the tank rests on Foamglas load
bearing insulating blocks. ’

Access into the interior of the test tank for the purpose
of interchanging the types of intermal floating roofs is
provided by means of a flanged and bolted exterior cone
roof. Personnel access into the test tank is provided by
means of a 30 in. - diameter manhole in the cone roof.

The test tank has numerous fittings provided for instru-
mentation, product addition or withdrawal, and product
mixing. N -

Since these tests included product mixtures of propane and
normal octane (C3/nC8), mixing was periodically required.
The mixing system is comprised of a recirculating pipeline
and a product circulation pump. Samples of the product were
taken at the sample point located at the discharge of the
circulation pump. To increase the vapor pressure of the
C3/nC8 mixture, propane was injected into the product at

the suction of the circulation pump. To reduce the vapor
pressure of the C3/nC8 mixture, a stripper tower was added
to the test facility during Phase 3. The stripper tower was
10 in. dia. by 12 ft-6 in. long and was packed with 3/8 in.
dia. Pall Rings. The product was transferred by the circula-
tion pump to the top of the stripper tower, where it flowed
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downward over the packing countercurrent to air, which
:Etripped the propane out of the product. From the bottom
of the elevated stripper tower the product flowed by
gravity back to the test tank.

The effect of ambient wind blowing through the shell vents
of an IFRT into the vapor space above the IFR was simulated
by means of a blower connected to the test tank. A 7 in.
dia. insulated air duct connected the blower ocutlet to the
test tank air inlet distribution plenum. The blower outlet
temperature, pressure and air flow rate were measured. A
pitot tube was-utilized to measure the air velocity in the
duct.

During Phase 1 of the test program, it was observed that the
emission rate was affected by the temperature of the inlet
air. Since it was the purpose of the test program to con-
trol and systematically vary the pertinent variables which
affect emissions, an air heater was installed in the inlet

air duct so that the inlet air temperature could be controlled
at specified.values.

The total hydrocarbon concentration of both the test tank
inlet and outlet air were continuously measured using two
Beckman Instruments, Inc., Model 400, Total Hydrocarbon
Analyzers (THA). These instruments were zeroed and spanned
during each 8 hr. shift on certified zero and span gases.
Several different span gases with differing contents of
gases'were utilized so that the THA instrument could be
spanned with a gas mixture whose content was close to the
instrument reading for the test sample.




1.3 Test Method

Each of the emission tests performed in the test tank used
essentially the same method. Prior to starting a test, the
specified test conditions (shown in Tables 3.1, 4.1 and 5.1)
were established. These test conditions included:

Roof Type

Primary Seal Type

Primary Seal Gap Condition
Secondary Seal Type
Secondary Seal Gap Condition
Roof Elevation

Air Flow Distribution Type
Deck Fitting Seal Condition
Product Type

Product Vapor Pressure

Air Inlet Temperature

Test Procedure

A test consisted of measuring the emissions at several different
equivalent ambient wind speeds from approximately 5 to 35 mi/hr.

The test

facility was manned three 8 hr. shifts per day (2

technicians per shift), and test data was recorded every 1/2 hr.

The test

Although

data included:

Inlet Air Flow Rate (i.e. blower discharge duct air
velocity, pressure and temperature)

Total Hydrocarbon Concentrations (air inlet and outlet)
System Temperatures (ambient, product liquid, product
rim vapor, product deck vapor, etc.).

the total hydrocarbon analyzers operated continuously,

their readings were logged every 1/2 hr.




Steadﬁ State Cfiteria

After a given wind speed setting was established, the average of
three (3) previous consecutive 1/2 hr. outlet concentration read-
ings was compared to a new concentration reading. If the new
reading was within 57 of the average of the three previous readings
the system was considered to be at essentially steady state. The
wind speed would then be adjusted to a new value, and again read-
ings would be taken until the above criteria for steady state was
met. Normally, it would take about 4 hrs. for the system to meet
the steady state criteria.

Seal Gap Placement

During certain tests, intentional gaps were placed between a seal
(either the primary or secondary seal) and the tank shell. The
gap areas used were either 1 or 3 in?/ft. dia. (i.e. for the 20 ft.
diameter test tank, 20 or 60 in?, respectively). For tests with

20 in.? of gap area, two 10 in.? gap area spacer bars were used,

one each located on the NE and SW positions of the tank shell. For
2

tests with 60 in.? gap area, four 15 in.* gap area spacer bars were
used, one each located on the NE, SE, SW and NW positions of the

tank shell.

Roof Component Sealing

During tests, it was necessary to seal off certain roof components.
This was accomplished by using pieces of 0¢.020 in. thick poly-
urethane coated nylon fabric which was taped over the roof componen
with aluminum backed duct tape.




Propane/Normal Octane Mixture Vapor Pressure .Determination

Most of the emission tests pérformed in the test tank and several
of the deck fitting emission tests utilized a product which was a
mixture of propane (Commercial Grade) and normal octane (High
Purity Grade). The product vapor pressure was varied by either
adding propane to the mixture or stripping propane from the
mixture.

During the course of the emission tests which utilized the mixture of
propane/normal octane (C3/nC8), product samples were periodically
taken. The dates and times when the test tank product was sampled
are indicated on the Calendar of Events (Figures Al through Al5 in
Appendix A) by the symbol §§7 . These sample dates and the re-
lated tank emission test numbersare alsoc listed on the wvapor
pressure maps (Figures D1 through D3 in Appendix D).

Precautions were taken in sampling the product to insure that it
represented the contents of the test tank. Prior to sampling, the
product recirculation pump was turned on for a period of about 1
hour to mix the contents of the test tank. The product sample was
taken from the discharge of the recirculation pump in a 1 liter,
screw top, glass sample bottle which was held in a plastic con-
tainer packed with crushed ice. After sampling, the 1id of the
sample bottle was screwed tightly in place to prevent contamina-
tion or loss of sample product wvapor.

In the laboratory, the sample bottle packed in its crushed ice
plastic container was placed on a magnetic stirrer plate. The
magnetic stir bar contained in the sample bottle was allowed to
mix the sample and establish thermal equilibrium at 32°F.




Aftex_a period of about 1 hz, during which time thermal equili-
brium of the sample was allowed to occur, the sample bottle cap
was removed and replaced with a stopper containing two stainless
steel tubes. One tube extended into the ligquid to the bottom of
the sample bottle and was used for sparging a small quantity of
air through the sample. The other tube was connected to a
demister in the sample bottle wvapor space.

The sample was sparged with a controlled small flow rate of air

for a short period of time to produce a saturated air/hydrocarbon
vapor mixture at 32°F in the sample bottle wvapor space and effluent
tube. The sample bottle effluent tube was connected to the in-
jection port of a Carle Instruments, Inc., Model 111 Gas Chroma-
tograph. '

The measured composition of the saturated vapor samples from.the
product sample bottles are summarized in Table D1 of Appendix D.
These tabulated vapor compositions are actually the average of
three successive vapor composition measurements from the same
product sample. '

The liquid compositions listed in Table Dl were determined from
the measured vapor compositions by using the NGPA Mark V Thermo-
dynamic Property Computer Program. Using the measured vapor com-
position and barcmetric pressure, the computer program calculated
the corresponding liquid composition at its dewpoint conditiom.

Finally, after subtracting the air constituents from the calculated
liquid composition, the computer program calculated the liquid
vapor pressure at specified temperatures. These calculated vapor
pressures at temperatures between 30 and 100°F are listed in

Table D1.




Also shown at the bottom of Table D1 are the corresponding test
tank emission test numbers for which the vapor pressure data was
used. In many cases, more than one liquid sample applied to the
same emission test. In most of these cases it was assumed that
the product vapor pressure varied linearly with time between
sample times. Thus, from a knowledge of the product temperature
and the date and time of>the specific test point, the product
vapor pressure could be determined for that test point. 1In
certain tests where the emission rate was very low, the average
of several product sample analyses was used to determine the
product vapor pressure (i.e. no time decay of product vapor
pressure over the test period was .considered).

In addition to using the NGPA Mark V Computer program to determine
the product vapor pressure for each product sample composition
analysis, the computer program was also used to determine the
product vapor molecular weight. When these vapor molecular weights
were plotted as a function of vapor pressure and temperature, it
was found that a generalized plot could be constructed for €3/nC8
mixtures. Figure D4 is the resulting plot, and this plot was used
to determine the product vapor molecular weight for each test.

Test Data

Tables Bl, B2 and B3 in Appendix B summarize the measured test tank
data. The values of air flow rate (scfm), product temperature (°F)
and measured (outlet-inlet) concentration (ppmv) listed in these
tables at the specified test dates and times are average values.
The values listed are an average of four (4) consecutive half hour
readings, ending with the readings at the date and times -specified
in the tables. -

The measured (outlet-inlet) total hydrocarbon concentration change
ACM was normalized to a concentration change 4Cy at a common vapor
pressure by means of following equation:




)

o - 1, L[l . (1 ) Mo.slz
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14.7
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where: aCy = Measured (outlet-inlet) total hydrocarbon concen-
tration change referred to the basis on which the THA
was calibrated (normally a propane basis), (ppmv)

-

ACN = Normalized (outlet-inlet) total hydrocarbon'concen-
tration change referred to. the basis on which the THA
was calibrated (normally a propane basis), (ppmv)

Py = Vapor pressure of the product at its test temper-
ature, (psia)

PN = Vapor pressure to which the total hydrocarbon concen-
tration readings were normalized, (psia)

For air flow distributicn Type 1, the equivalent ambient wind speec
V corresponding to the air flow rate Q was determined from the
following equation (see Appendix H for its derivation):

V= sty

where: V = Equivalent ambient wind speed, (mi/hr)
Q = Alr flow rate, (scfm)
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‘The emission rate E was determined from the following equation:

where:

E = 60 min} (24 hr\/ 1 lbmole \ (1 fraction QMACN
hr day .49 sc 10° ppm

E = (3.79x10“6) QMACy

Q = Air flow rate (scfm)

ACy = Normalized (outlet-inlet) total hydrocarbon concen-
tration change referred to the basis on which the THA was
calibrated, (ppmv)

M - Molecular weight of the hydrocarbon used to calibrate
the THA, (lbm/lbmole)

E = Emission rate at the vapor pressure to which the total

hydrocarbon concentration change was normalized,
(lbm/day)




2.0 Bolted, Noncontact IFR Emission Tests

2.1

IFR Description

The bolted, noncontact IFR used during Phases 1 and 1R of
the test program was supplied by Ultraflote Corporation.

Figure 2.1 is a plan view of the IFR. Floatation of the
roof was provided by 8 sealed tubular floats of wvarying
lengths from 4 ft.to 16 ft.-4 in. The roof was 18 ft.~10 in.
diameter with an 7 in. wide rim space. The roof was of
essentially all aluminum construction and had 8 fixed legs.
The deck consisted of sheets of 0.023 in. thick aluminum
sheet attached to clamping bars and the circumferential rim
plate. The total length of clamped deck seams was 36 ft.

The roof was equipped with 3 deck fittings:

(1). access hatch
(2). colum well
(3). wvacuum breaker

Figure 2.2 is an elevation view of the IFR, where it is
shown floating at one of its test positions. The roof was
tested at 4 different roof elevations (18, 30, 36 and 54
in.). All roof elevation dimensions refer to the distance
between the bottom of the air inlet opening of the test tank
and the top of the IFR deck. The roof was equipped with
both a vapor mounted, flexible wiper primary seal (shown in
Fig. 2.2) and a flexible wiper secondary seal, which was
mounted 6 in. above the primary seal.

12




Figure- 2.3 shows the thermeocouple locations. Measurements
of the liquid, vapor and deck temperatures were made on the
North, South, and West sides of the IFR. These liquid
temperatures were measured approximately 1 in. below the
liquid surface. In the rim area of the IFR, measurements
were made of the vapor temperature below the primary seal
and between the primary seal and secondary seals on the
North, South and West sides of the IFR.

13




Figure 2.1
Plan View Of Noncontact
Bolted IFR
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Figure 2.3
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2.2 Test Cpnditions

Table 2.1 summarizes the test conditions used during
Phases 1 (Tests Nos, API1 through API34) and Phase 1R
(Test Nos. API73 through ABI?? on the bolted, non-
contact IFR. The chronological sequence of events
during these phases is described in Appendix A.

During the course of the testing program with the bolted,
noncontact IFR, three different primary seals (all of the
same construction) were utilized. They are referred to

in this report as the "original primary seal", the "first
replacement primary seal", and the '"second replacement
primary seal". Some differences in emissions was observed
with these three different primary seals, and these differ-
ences seemed to depend on the fit of the seal to the tank
shell.

Pressure tightness tests were performed on both the primary
seals and the roof deck. The results of the pressure tight-
ness tests are summarized in Appendix I.

The initial tests performed during Phase 1 indicated some
dependence of emissions on the temperature difference
between the tank inlet air and the product. Since the tank
inlet air temperature depended on the varying ambient
temperature, a heater was installed in the inlet air duct
after Test API19 to permit the inlet air temperature to be
controlled. Tests were performed where the temperature
difference (air inlet-product) was systematically varied at
-15, 0 and +15F° to determine the affect of this temperature
difference on emissions. For the majority of the subsequent
tests this temperature difference was kept at about 0F°.

17
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Air Flow Distribution Types

During Phase 1 of the test program, an attempt was made to in-
vestigate the affect of 4§ different types of air flow distribution on
emigssions. Figure 2.4 is a summary description of air flow dis-
tribution Types 1 through 4.

There are 10 openings in either the air inlet or ocutlet plenum,
each about 1 £t? in area. For Type 1 air flow distribution, all
of the inlet and outlet plenum openings were used, and vertical
slatrs were positioned in certain plenum openings to shape the
inlet and outlet air flow distribution more closely to that
determined from wind tumnel tests [4]. Based on measured wind
tunnel pressure coefficient data, Appendix H describes the de-
rivation of the relatiomship between the air flow rate Q

- {(sefm) ~  and equivalent ambient wind speed V (mi/hr) for the-

Type 1 air flow distribution.

For a small diameter IFRT, the number of shell ventswould be
limited to only a few (2 minimum of 4). Depending on how these
few shell vents were oriented relative to the ambient wind
direction, they could give intermal flow distribution patterms
which are different than those in larger diameter tanks (i.e.

tanls which have many shell vents would be expected to have -a
Type 1 air flow distribution). =

Air flow distribution Types 2, 3 and 4, whichmay apply to small
diameter IFRT's, were selected for evaluation. For these types
of air flow distribution, most of the plenum openings were com-
pletely clogsed. Figure 2.4 summarizes the number, area and loca-
tion of plenum openings used for Types 2, 3 and 4. Also shown
on Figure 2.4 are the relationships between air flow rate Q and
equivalent ambient wind speed V for each type of air flow dis-
tribution. These relationships were derived from measured wind
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tunnel-pressure coefficient data in a manner similar to that
shown in Appendix H for Type 1l air flow distribution.

To better understand the intermal air flow patterns caused by

ajir flow distribution Types 1 through 4, vapor space velocity
surveys were performed. The results of these surveys are described
in Appendix C.

Emission tests (Tests Nos. 1, 2,4, 5, 15 and 16) were performed
to evaluate the affect of air flow distribution Types 1 through
4 on emissions.

It was felt that air flow distribution Type 1 more closely repre-
sented the typical IFRT, and thus was Type 1 used for the rést of
“tﬁe“émisgibn test program.
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Figure 2.4
Air Flow Distribution Types
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2.3 Test Results

The measured test data for Phase 1 and IR are tabulated in
Table Bl in Appendix B, and are plotted on Figures 2.5
through 2.20. The tests plotted on these figures were
selected to illustrate the emission effects of certain
variables. Listed below are some observations which were
made from a preliminary examination of the test results.
It is not intended in this report to present a listing of
all of the conclusions that can be drawn from the test
results, since this will result from a complete review of
the test data by the API-CELM-Task Group 2519.

It was observed that most of the tests showed little or no
dependency of emissions on ambient wind speed, especially

for wind speeds below 20 mi/hr. Table 2.2 tabulates the
average emissions for each test in Phases 1 and 1R for all

of the data points with wind speeds less than or equal to

20 mi/hr. Thus, to determine the effect of a particular
parameter on emissions for wind speeds less than 20 mi/hr, _
it is only necessary to form differences between the emission
values listed in Table 2,2 for the tests where the effects

of the parameter were varied.

The effect of roof elevation on emissions is shown in Figures
2.5, 2.6 and 2.17. In general, roof elevation variation
did not appear to significantly affect losses.

The effect of air flow distribution pattern on emissions is
shown in Figure 2.10 for air flow Types 1 through 4. There
was. a discernable emission difference for these types of air
flow distribution patterns. However, as is noted in
Appendix C, the air flow distribution pattern caused by Type
1 is more indicative of that which would be expected to occur
in the broad population of IFRT's.

24
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The effect of (air-product) temperature difference on
emissions is shown in Figure 2.12, where differences of
-15, 0 and +15F° produced only small effects on the
emissions, especially with an ungapped primary seal.

The effect of primary seal gaps on emissions is shown:
in Figure 2.7 for the original primary seal; in Figure
2.12 for the first replacement primary seal; and in
Figure 2.18 for the second replacement primary seal.
Small gaps (i.e. 1 in?/ft dia.) did not seem to have a
significant effect on emissions. It was also observed
that the emissions resulting from the second replacement
primary seal were lower than both the original and first
replacement primary seals.

The effect of primary and secondary seal gaﬁs on emissions
is shown in Figures 2.1l. Some reduction in emissions can
be observed with the use of secondary seals.

The effect of deck fittings on emissions is shown in Figures
2.13 and 2.)8. From Figure 2.13 it can be seen that the
colum well (ungasketed) was the major contributor to the
emissions from the deck fittings used in Phase 1.

The effect of vapor pressure on emissions is shown in Figures
2.19 and 2.20. Although emissions in general appeared to
in¢rease with increasing vapor pressure, the vapor pressure
function cannot be discerned from Figure 2.20 due to the
experimental difficulties experienced during Phase 1 in
stripping propane from the product in the tank. After the
stripper tower was added to the test facility in Phase 3, a
carefully controlled series of emission tests at variable
vapor pressure produced test data that should allow the vapor
pressure function to be determined.
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3.0

3.1

Welded, Contact IFR Emigsion Tests

IFR Description

The welded, contact IFR used during Phases 2 and 2R of
the test program was supplied by Chicago Rridge & Iron
Company. ’

Figure 3.1 is a plan view of the IFR. Since the roof was a
contact type, floatation was provided by product displace-
ment, The roof was 19 ft:1 in. diameter with a 5-1/2 in.
wide rim space. The roof was comstructed of 3/16 in, thick
carbon steel, and had 3 fixed legs. A total of 4 deck
fittings were installed:

(1) guide pole

(2) bleeder vent

(3) colummn well

(4) bolted access hatch

Figﬁre 3.2 is an elevation view of the IFR, where it is
shown flcating at a 36 in. roof elevation position. At
this elevation, the outer edge of the secondary seal ex-
tended to the top of the shell heating panel, and thus the
temperature of the tank shell in the rim space was con-
trolled by the temperature of the circulating liquid in
the tank shell heating panels. The roof was equipped with
a liquid mounted, resilient foam filled primary seal and a

15" in. wide, rim mounted, flexible wiper secondary Séal. ~

Figure 3.1 also shows the thermocouple locatioms. Measure-
ments of the liquid and deck temperatures were made on the

45
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' =~ North, South and West sides of the IFR. The liquid temper-
ature was measured approximately 1 in. below the bottom of
the roof deck. In the rim area of the IFR, measurements
were made of the liquid temperature,and the vapor temper-
ature between the primary and secondary seals on the North,
South and West sides of the IFR.
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3.2 Test Conditions

Table 3.1 summarizes the test conditions used during Phase
2 (Test Nos. API35 through API51) and Phase 2R (Test Nos.
API67 through API172). The chronological sequence of events
is described in Appendix A.

During the performance of Test API44 it was noticed that one
of the deck thermocouple fittings was damp from a small
amount of product seepage. The cause of this seepage was
then sealed, and a few of the previous tests (Tests Nos.
API37 and API44) were repeated (Tests Nos. API4S and API48)
to determine the emissiom contribution from the seeping
product during Tests API35 through API&4. '

Most of the tests performed during Phases 2 and 2R were at
a roof elevation of 36 in. since this permitted the tank
shell in the IFR rim area to be temperature controlled by -
the liquid circulating through the tank shell heating
panels.

Test APIS]1 was performed with the test conditions adjusted
to similate an external floating roof tank (EFRT). The
purpose of this test was to determine the emission rate of
an EFR equipped with a2 liquid mounted, resilient filled
primary seal when the product is a pure component.
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3

Test Results

The measured test data for Phase 2 and 2R are tabulated in
Table B2 in Appendix B, and are plotted on Figures 3.3 throug
3.14.

Again, it was observed that most of the tests showed little
or no dependency of emissions on ambient wind speed, especial
for wind speeds below 20 mi/hr. Table 3.2 tabulates the
average emissions for each test in Phase 2 and 2R for all the
data points with wind speeds less than or equal to 20 mi/hr.
Note that the average emission values listed for Test API35
through Test API44 are corrected for the emission contributio
due to product seepage through a thermocouple fitting using
the results listed in Tables 3.3 and 3.4.

During Phase 2 the effect of roof elevation on emissions was

. again determined. Figure 3.3 shows that roof elevation vari-

ation did not appear to significantly effect emissions.

The effect of primary seal gaps on emissions is shown in
Figure 3.4, where for small gaps (i.e. 1 in?/ft dia.) the
variation did not appear to significantly effect emissions.

The effect of primary and secondary seal gaps on emissions

is shown in Figure 3.5. Comparing the results of Test API40
to those of Test API42 shows some reduction in emissions with
the use of a secondary seal. This effect can also be seen
from Figure 3.12 by comparing Test API71 with Test API70.

The effect of deck fittings on emissions is shown in Figures
3.7 and 3.8.
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The-effect of vapor pressure on emissions is shown in
Fiéure; 3.13 and 3.14, Also plotted on Figure 3.14 are the
results of Test Cl1l9 [2] and Test EPA7 [5], which are tabu-
lated for reference in Tables B4 and BS5, respectively.

Test Cl9, performed with a C3/nC8 mixture agrees well with
the results of the current test program, but Test EPA7,
performed with benzene, has significantly higher emissions.

The effect of wind speed on emissions for a simulated ex-
ternal floating roof (EFR) with a liquid mounted primary
seal and nC8 product is shown in Figure 3.9. During this
test, the EFR was simulated with the contact, welded IFR by
increasing the air flow rate through the test tank to simu-
late ambient wind effects on the EFR. It should be noted,
however, that during this test the IFR deck fittings were
not sealed, and the product was contamirated with 0.15 mole

%1 propane.
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TABLE 3.3.SUMMARY OF TESTS USED TO DETERMINE THE EMISSIONS
DUE TO THE THERMOCOUPLE FITTING SEEPAGE

Test Seal Gap Area Average Vapor Molecular Thermocouple
No. Emissions Weight Seepage
éin’[ft dia.). (lbm/day) (1lbm/lbmole)
ti. ec.
API44 sealed 0.863 46.4 yes
APT4S sealed 0.366 46.4 no
API37 0 - 1.36 47.5 yes
API48 ) - 0.944 46.6 no
Roof Type: Welded, Contact IFR
Product Type: C3/nC8
Nom. Vap. Press.: 5.0 psia
Deck Fittings: Sealed
Roof Elev.: 36 in

Notes: [1l]. Emission values tablulated are the average emission values
ggr i}% data points with -wind speeds less than or equal to
m r.

Determination of Emissions Due to .the Thermocouple Fitting Seepage,'ETc

1

Zc - [[n.?sa - o.?éfi+ (%?%g - 0.?5&’]-

Epc = 0.00954 lbmols/day (at 5.0 psia vap. press.)
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4.0 Bolted, Contact IFR Emission Tests

4.1 IFR Description

The bolted, contact IFR used during Phases 3 and 3R of the
test program was supplied by Petrex, Incorporated.

Figure- 4.1 is a plan view of the IFR. Since the roof is
a contact type, floatation was provided by product dis-
placement. The roof was 19 ft:0 in. diameter with a 6 in.
wide rim space and was equipped with 6 fixed legs. The
roof deck was constructed of 1-1/2 im. thick, aluminum
honeycomb core panels, each 60 in. by 90 in. These panels
were bolted together with clamping bars to form a rigid
roof deck. The total length of clamped deck seams was 89
ft. The roof was equipped with only one deck fitting, a
column well. '

Figure 4.2 is an elevation view of the IFR, where it is
shown floating at a 36 in. roof elevation position. At
this elevation, the outer edge of the secondary seal ex-
tended to the top of the shell heating panel, and thus the
temperature of the shell in the rim space was controlled by
the temperature of the circulating liquid in the tank shell
heating panels.

The roof was equipped with a vapor mounted, resilient foam
filled primary seal and a resilient foam filled secondary
seal (of idemtical comstruction to the primary seal), which
was mounted 6 in. above the primary seal. The rim side face
of these seals was attached to a series of aluminum clamping
plates, which were clipped to the IFR rim.




7n

Figure 4.1 also shows the thermocouple locations. Measure-
~ment of the liquid and deck temperatures were made on the
North, South and West sides of the IFR. The liquid temper-
ature was measured approximately 1 in. below the bottom of
the roof deck. In the rim area of the IFR, measurements
were made of the liquid temperature ,the vapor temperature
below the primary seal, and the vapor temperature between the
primary and secondary_seals on_the Morth, South and West
sides of the IFR.
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4,2 Test -Conditions

Table 4.1 summarizes the test conditions used during Phase
3 (Test Nos. API52 through API65) and Phase 3R (Test Nos.
API65R and 66. The chromological sequence of events is
described in Appendix A.

Preliminary emission tests (Test Nos. APIS52A, B, C, D, E,
APIS3A, B, C and APIS54A, B) indicated that during the tank
£1lling operation, product had probably inadvertently gotten
into the primary seal through the vertical gaps between the
aluminum clamping plates on the rim face of the primary seal.
This product was removed from the primary seal before com-
mencing Test API52. The emission test data from these pre-
liminary tests is not included in Table B3,

Since the IFR rim plate for use with a secondary seal was
fabricated from two rolled aluminum extrusions joined in a -
circumferential seam, an attempt was made (Test Nos. 56

and 57) to determine the emission contribution of the seam.
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4.3 Test Results

“ The measured test data for Phases 3 and 3R are tabulated
in Table B3 in Appendix B, and are plotted on Figures 4.3
through 4.12. Table 4.2 is a summary of the average
emissions for each test in Phases 3 and 3R for all data
points with wind speeds less than or equal to 20 mi/hr.

The effect of primary seal gaps on emissions is shown in
Figure 4.6, where again for small gaps (i.e. 1 in?/ft dia.)
the variation did not appear to significantly affect
emissions.

The effect of primary and secondary seal gaps on emissions
is shown in Figure 4.3. Comparing the results of Test API60
to those of Test API53 shows some reduction in emissions
with the use of a secondary seal.

The effect of deck fittings and deck seams on caissions is
shown in Figure 4.5. The deck seam emissions are summarized
in Table 4.3 for both the Bolted, Noncontact IFR (which

had 36 ft. of deck seam) and the Bolted, Contact IFR (which
had 89 ft. of deck seam). |

The effect of vapor pressure and product type on emissions
is shown in Figures 4.7, 4.10, 4.11 and 4.12.
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5.0

5.1

89

IFR Combonent Tests

Deck Fitting Emission Tests

A series of bench scale deck fitting emission tests were per-
formed in order to quantify the emissions from IFR deck fit-
tings not tested in the 20 ft. dia. test tank, Also, the
colum well fittings used with each of the IFR's tested in
the 20 ft. dia. test tank were also tested on the bench

scale test apparatus in order to correlate the emission data
from the bench scale tests with that obtained in the test tank.

Appendix E contains a schematic diagram for each of the
deck fitting tests. The wooden pallet and test drum shown
in each of the diagrams was placed on one of the five (5)
scales, and a themocouple was installed in the product to
monitor the test temperature.

The five scales used in the deck fitting tests were as
follows:

Scale No.: 1, 2, 3 ‘ 4, 5
Scale Type: Electronic Mechanical
Manufacturer : Circuits & Systems, Inc. Toledo Scale Corp.
Model No.: SX-1000 4180
Range: 0 to 1000 lbm 0 to 1000 1bm
Readability: e 0.2 1bm % 0.5 1bm

The test. apparatus remained on the scale for a period of
about thirty days. Each day, the time, weight and product
temperature were recorded. These data are tabulated in
Appendix E, and the results of these tests are summarized




9(

in Table 5.1 The emission rates shown in this table were
calculated by applying a linear least squares regression
to the test data in Appendix E. Note that the weight
change values listed in the tables in Appendix E are
cumulative weight changes referenced to the initial weight

measurement.,

—~u

Table 5.1 also lists the average emission rates in lbmole/y=>
normalized to a nominal vapor pressure of 5.00 psia. This
normalization was performed using the same vapor pressure
function ratio as was used to normalize the Test Tank
Concentration change readings (see Page 10).
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5.2

5.2.1

5.2.2

Laboratory Evaporation Tests

-Objective

The objective of the Laboratory Evaporation Tests was

to determine the evaporation rates of flasks filled with
various liquid hydrocarbons to determine if the evapora-
tion rates followed a systematic pattern related to the
vapor pressure and vapor molecular weights of the liquid
hydrocarbons. Each of the flasks were to be fitted with
stoppers equipped with vertical tubes through which the
evaporated hydrocarbon could diffuse. In some flasks the
tube was to terminate above-the liquid surface, and in other
flasks the tube was to extend below the liquid surface.
Both single component and multicomponent hydrocarbon
liquids were to be tested.

Test Description .
Four separate series of tests were performed: Series 1, 2,

3 and 4. The basic differences among the tests involved
apparatus modifications (see Figures 5.1 and 5.2). Series
l, 2 and 3 were performed with neoprene closures. Series
4 was performed with brass closures because it was dis-
covered that neoprene was permeable to hydrocarbon wvapors.

The hydrocarbons were allowed to diffuse upward through
vertical tubes into the atmosphere. In all cases, the

‘apparatus was maintained at 70°F, (21.1°C) in a constant

temperature bath, and the ambient conditions were recorded
daily. The average ambient conditions were as follows:




5.2.3

" Series 1-3 (Neoprene Closures):

Temperature 76 .9°F (24.9°C)
Relative Humidity 63.81
Atmogpheric Pressure 750.1 mm. Hg (29.52 in. Hg)

Series 4 (Brass Closures):

Temperature 75.8°F (24.3°C)
Relative Humidity 44.23%

Atmospheric Pressure 748.8 mm Hg (29.48 in. Hg)

Throughout the duration of the tests, periodic weighings
were made to determine the rate of hydrocarbon loss due to
evaporation (diffusion through the vertical tubes).

Test Apparatus
The apparatus used during Series 1-3 was as follows:

1.

Aminco Water Bath (with heating, cocoling, and cir-
culating capabilities)

Erlenmeyer Flasks (125 ml. graduated capacity)
Neoprene Stoppers (#6 and #6%)
Zinc Granules For Flask Ballast (20 mesh)

Reagent Grade Hydrocarbons (n-Pentane, n-Hexane,

. n-Heptane, n-Octane; i-Octane, Benzene)

Stainless Steel Diffusion Tubes (2" x X" 0.D. x 11/64"
1.D. and 4" x X" 0.D. x 11/R4" I.D.)

Teflon Plugs and Vinyl Tubing Caps
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... The apparatus used during Series 4 was as follows:
1. Aminco Water Bath (same as above)

2. Erlenmeyer Flasks (24/40 Standard Taper Necks, 125 ml.
graduated capacity)

3. Brass Stoppers (24/40 Standard Taper)
4. Zine Granules for Flask Ballast (éO mesh)
5. Vinyl Tubing Caps

6. Stainless Steel Diffusion Tubes (2-1/2" x 1/4" 0.D. x
0.180" I.D. and 5" x 1/4" 0.D. x 0.180" I.D.)

7. Structural Weld Epoxy (Greem), 3M Co.

8. Hydrocarbons (n-Hexane, Benzene, Regular Grade Unleaded
Gasoline, Propane/n-Octane Mixture):. The gasoline had
an experimentally determined Reid Vapor Pressure of
11.45 at 100°F and the Propane/n-Octane mixture had an
experimentally determined True Vapor Pressure of 4.854
psia at 70°F.

5.2.4 Test Results

The test results are summarized in Tables 5.2 and 5.3.
with results from Series 1, 2 and 3 as follows:

Series 1: Apparatus Type I (n-Pentane, n-Hexane, n-Heptane,
n-Octane, i-Octane, and Benzene)

Series 2: Apparatus Type Il (n-Pentane, n-Hexane, n-Octane,
and Benzene)
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Series 3: Apparatus Types I and III (Equimolar
-=- n-Pentane/n-Octane Mixture)

Series 4: Apparatus Types I and III (n-Hexane,

Benzene, Regular-Unleaded Gasoline, and Propane/

n-Octane Mixture)

The results for Series 1-3 include the measured correction
for the permeability of the neoprene closures. No correc-
tion was necessary for the Series 4 results because solid

brass closures were used.

The measured test data for the Laboratory Evaporation Tests
are tabulated in Appendix F as follows:

Table Fl: Series 1 (Type I, Neoprene Closures)

Table F2: Series 2 (Type 11, Neoprene Closures)

Table F3: Series 3 (Types I and III, Neoprene Closures)
Table F4: Series 4 (Types I and 1III, Brass Closures)

Note that the weight change values listed in these tables
are cumulative welght changes referenced to the initial
weight measurement.

In general, the test results shown in Tables 5.2 and 5.3
agree in trend with what may be expected from evaporation
and diffusion theory. As the vapor pressure decreases,
and as vapor molecular weight increases, the rate of dif-
fusion-controlled evaporation decreases. This confirms
that evaporation rates generally vary in a systematic:
manner dependent on product vapor pressure and product
vapor molecular weight.
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Table 5.3 lLaboratory Evaporation Test Results For Series 4

W

Hydrocarbon Apparatus e Diffusion Rate¥*
v PP R 1(Ave. Cumulative),
{Grams/Day)
. : : @70°F
P | S —
- , 0.126 (28)
n-Hexane I c= 0.0125
| 111 0.144 (35)
c= (0.0084
I 0.069 (28)
Benzene o= 0.0056
III 0.087 (35)
.o = 0.0100
Gasgoline, I 0.295 (21)
Regular-Unleaded g = 0.0349
(RVP = 11.45 at )
100°F) III o 0.228 (35)
(TVP=7.2 psia) ' = 0.0419
Propane/Octane I 0.084 (28)
Mixture : c= 0.0305
(TVP=4 854 at70°F)y I1I 0.089 (28)
: : g = 0.0141

* Evaporation Rate. Values enclosed by parentheses are
the number of results contributing to the Average.

RVP: ReidIVSPOt Pressqre. psig.

TVP:

True Vapor Pressure, psia.
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Laboratory Permeability Tests

) A series of preliminary laboratory permeability tests were

performed on samples of 0.020 in. thick polyurethane-coated
nylon fabric to determine its permeability to normal hexane
(nCé) vapor.

A modified version of test procedure ASTM-E96-f6 (''Standard
Test Method for Water Vapor Transmission of Materials in
Sheet Form") was used. This modifiecd procedure involwed the
use of an evaporation pan containing liquid nCé. The material
be tested was sealed to the mouth of the pan. The assembly
was placéd in a controlled temperature and humidity en-
vironment and periodically weighed. To determine the loss
rate through the sample edges seal to the pan, control
samples were used consisting of sheet aluminum samples

which were sealed to the mouth of the pan in the same fashion
as the test material samples. The average measured loss
rate of the control samples was subtracted from the average
measured loss rate of the test material samples to deter-
mine the test material permeation rate to nCé vapor.

Figure 5.3 shows the construction of a typical laboratory
permeability test assembly. The materials used in this
assembly consgisted of:

1. Evaporation Pans

Rectangular aluminum pans supplied by Chicago
Metallic Co., Cat. No. C587, having a mouth area of
0.467 fri2, '

2. Test Material Samples

Polyurethane-coated nylon fabric supplied by McMaster-
Carr Co., Cat No. 86, Item No. 8809K14.




lo1

3. Control Samples

Aluminum plates 1/32 in, thick cut to fit the mouth of
the evaporation pan.

4. Sample Edge Sealant
Polysulfide type sealant supplied by Petrex Inc.

5. Product Liquid
Reagent grade normal hexane

6. Sample Fill Opening Sealant

The 3/16 in. dia. sample fill opening was sealed with
a small cork astopper covered with structural weld
epoxy supplied by 3M Co.

A total of 5 test material sample assemblies and 5 control
sample assemblies were used.

Each sample (fabric or aluminum) was sealed to the mouth
of the evaporation pan with a 1/2 in. bead of polysulphide
sealant and allowed to cure for 4 days. After the sealant
had cured, each pan was filled with normal hexane liquid
through the 3/16 in. dia. sample fill openings. These
openings were then plugged with a small cork stopper and
each stopper was completely covered with an epoxy seal.
The completed agsemblies were allowed to cure for 2 addi-
tional days before begimming the test.

The measured laboratory permeability test data is
recorded in Tables Gl and G2 in Appendix G. Table 5.4
lists the test results, which gave an average net perme-
ability rate of 0.0522 lbm/ft? day to nCé vapor.




10

Although additional laboratory permeability tests were
planned, it was decided to perform these permeability
tests using the Deck Fitting Emission Test Apparatus,
where larger permeability samples could be accommodated
in the test apparatus. The results of these additional
permeability tests are described in the next sectionm.
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Sample Fill
/,r Opening (3/16"«"
Epoxy Sealed

Top View of Test Assembly

Test Sample

Sample Edge
Sealant

Evaporation Pan

Produet Liquid

ittt & L L Ty r—rn

Cross-Sectional View of Test Assembly

Figure 5.3 Laboratory Permeability Test Assembly
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Bench Permeabili:z Tests

During certain emission tests performed in the test tank,
some of the roof components (i.e. deck fittings, deck

seams and floating roof rim area) were sealed using 0.020
in. thick polyurethane coated nylon fabric which was taped
in place using aluminum backed duct tape. Typically, it
required about 100 ft? of fabricto seal all of the roof com-
ponents. During the tests where all of the roof components
were sealed (i.e. Test API77 in Phase 1R, Test API45 in
Phagse 2, and Test APISS in Phase 3), there remained residual
emissions which were suspected to be due to the hydrocarben
vapor permeation of the fabric used to seal the roof com-
ponents.

To determine the permeation rate of this fabric to hydro-
carbon vapor, a series of permeability tests were performed.
In addition to testing the 0.020 in. thick polyurethane
coated nylon fabric used to seal the roof compoments, it
was also decided to test the 0,037 in. thick polyurethane
coated nylon fabric, which was used as the primary seal
envelope material in Phases 2 and 2R during this test
program and during earlier tests [2,5]. Since these
earlier tests included dbenzene product, the permeabilicy

of this material was also tested with benzene.

A preliminary laboratory permeability test was performed,
and is described in Section 5.3. The rest of the permea-
bility tests were performed using the Deck Fitting Emission
Test Apparatus, since larger permeability samples could be
accommodated in this test apparatus. This test apparatus
is described in Section 5.1. Figures El4, E15 and E16 in
Appendix E show the test apparatus assembly details as it
was used during the bench permeability tests.




106

The bench permeability tests are identified as Bench Test
Nos. 16 through 24. The measured test data is tabulated

in Appendix E, and the test results are listed in Table 5.5.
Note that the weight change values listed in the tables in
Appendix E are cumulative weight changes referenced to the
initial weight measurement. |

The permeability test results confirm that the residual
emissions measured when all roof components were sealed
were probably due to hydrocarbon vapor permeation of the
fabric used to seal the roof components. For example,
Bench Permeability Test No. 20 indicates a permeation
rate of about 0.03 lbm/ft? day, and for 100 £t? of seal-
ing fabric this could result in residual emissions as
high as 3 1lbm/day if product saturation conditions were
present under the sealing fabric.. This compares, for
example, with the measured residual emissions of about 2
lbm/day in Test API77.
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APPENDIX A

Chronological Sequence of Events




Al

Ot

Ryyryoes Ises

8l

coyesax ..o..!.ﬂ..-z_ puv a:..nl_

_\.N _om

\14

| 44

4

Joos Buyiwoly uy seydnod

~ouseqy petieisur  rAarryows el

1c

_ UOTESTEZ PAUSIGINIEI DU ITINqQEd " 4

be ™" o
) ]

Sl

LY

9l

143

A3yryovns yeng

DOyseTEE peYsIMjes puw I{Ingey _

€l 2l

i

oL

A¥11008 1088

_ COTSSTEE PR IGINI &Y puw ITYNqeY _

IS G

HiH | H[E

9 T 9 L9 T 9 ¢

144 _

13

woyesTNg PeUSTGIMFUL PUT I[Ny

A31r1008 388

0¢

N H N | N
HOHL _ adM _ ans

8¢

9 2T 9 TT 9 Tr 9 1 oﬂm 9 Mﬁo Al

|

NIREPE I X 4

RoW |

N
NNB

anr

Figure Al Calender of Events for August, 1980




A2

‘usyey atdwes jonpoid sajesypur /5\

..-- 31 . .R.. ue Cﬂ.q X . — -
o.u:.—u.a Jo1 cnue"— 1oa0 Laa””mm“m (Pere poes pur sureid perey T 14V 39w peIzmIeen - nanu-uuu-u-uo“nuu"""
ﬂu “u“-u-uﬂ.ﬁwu&:wn- vw.u.:vwz I /
T ¢ 1dV 2 VLo 2 1dV
v 4 L 100]|0¢t 6¢ 8¢
j o1y 2w T edig, sat¥ o1
sexnso]d wnusyd ...::.o.m " yUe3 3893 pesoln ¥ pelnedsuy 1
ql..:...-w””ﬂ“
(7Y 3 Iy
L2 92 ,_.mm vz A |ee 2z A iz
N surio0 3.!-..3..&.3.4.{ - e300 WA YOOy _.o:s...V . e oo

o2 61 8l - 91 st 4!

L .nr...q: e wmnsessy .
qUTF WO TMICA PRUTRIG )
- S$Ld 7 }d "N sInTRAag LA 9 €32 ¥I89] ensesay
yion ;e .u-!'ﬂyu'— “. m
€L 2L Iy lot I6 8 L
sydwafoyond uoe.-_.-no- Jooz Ny
. AVOINI0H
IPIWA QITA YUEI 3893 POTTIA - )
,._L - : - ' ‘
9 S
N_MGMA@ (A A TT 9 219 C1 9 ¢TI 92 19 21
H N H N H N H N R N H N |, | N H
— hA {] _ I¥a _ dNHL _ aam _ a0 _ ROH \_ NOIS _

Figure A2 Calender of Events for September, 1980




. ‘uejyel aTdwes 3Jonpoad eajedjpul mmw

¥ 1 1 ] '
uy eded 3o ,uy o “H-uuuﬂ wORINqIAIN|P AotF 1)w aedosdm) 61 14¥ 2991 priavg
fodud Jo &} gy peacusy i 1 / jonpoid mo3) wawdoad peddyang
§ 14¢ 399% peramIeey
T A\ —- /
% Ol IV IdvY .
| AONJLE Ot _ 62 A 8¢ L2 92
“uu-o .“un u“ "u.- J0 _J- .J.-..-&
¥npeid wosy eusdord voss-uu.N .. asnpoad -!"las . h —&(
|
— . g 1dv M
Ge b2 €2 22 A e 0Z bl
Ty c3ad qnL 10774 VITA Gme1qazd — . 1000024 peNTH suvdond ..83 = o3 -!aﬂ.uw.-.“onu_uuuaa.ﬂ
Sdvs 35 483 or perivassy | _ - _ etapaany yoep perees
tanyy age -l prioiesy
: 1 A 3
Z 1dv 9 1dv |- elote—1 LA Gav
21 4L A ol Gt A 14! LA 41
Hnu_uﬁ".wuhr.—unuuouuu“uuﬂ wnuetd aoTeq ut pf
. d O3 TEAR] 30N peonpey NIOR 0310 "OSTH
avapoad penyy
| IdV P idY
o1 oL A [ 8 A L
4 9 T9 21 < 9 2T 9 219 TT 92 TT 9 TT1 9 219 Tt 9 ¢ 9 T9 21
W N H N H N H N H N H N H N H
— L¥g _ Ida \P HNH, \F aim _ anl — NOH — NNs _

Figure A3 Calender of Events for October, 1980




Ab

‘usxe)l oydwes jonpoxad se3zeofpur /g\

1
39npoad o3 suvdoad peppy

62 8¢

AVOITOH

Ty edky,
01 Royj I1v PerFTpoRN

. AvQINOH

153u231] %28p peyeesuy
isdeS peacery
taanposd 03 susdoxd peppy

UADSHANTH L™
Ll s I'd

- bl IdV

114

v A

A’-s-u. 7o ,97 o2
y s ST
1 X4

Tebs ~ya2d by,
peLIvIFUI g

ede? pracmsy—}-

ut sde? jo ,ul p7 peyIvIsn]

tees ‘jad

sonpoad peivsy
L]

{Ld 1991 eaneevag

_ :
¢l E(\%\ . b

¢l

IdV

cc T e

6l

IdV
oc

8l

A

ole ol

3npoad moi) susdosd peddyalg

) oﬁ.eu-ur saneeesy
) 1173 peyejuiy

Ll g

4 9oL

1npoad woay suvdoad peddyasg

quey gl penujived

Rawry Sujqqy
wellsg tywes Lawwpa
sasswiden 30x53 pervIsug

tyuey Suydades peysturs
f ”
{voe Livepad peacwey
ﬂ.-:—-o-oe payeILI S

g--urﬂ ..-_uc-.

ey Supdades penupivey)

h 3y Surdydee welleg

Gl 14! €l cl i Ot 16
. odvd _ .
JFUOIILBIUTUN 1|V SIFUTE]]S O3 odel yiv poacusy
: S03jASp pRL{¥INU] pUP PRISIFAqUy B .
. I ,_ -
A THEL Ol IdV
8 L& |9 S A I €A

jves “jad uy
sdeb 3o U7 oy perivasul
..-&-o 39 U1 09 peacwny

9 TIT9 TT9 Z1 9 71 9t 19 21
H N H N H N H N N N W R H N W
— RA'S: ] _ 184 _ HOHL _ aim _ and _ NOW _ NOS _

Figure A4 Calender of Events for November, 1980
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Figure A5 Calender of Events for December, 1980
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Figure A6 Calender of Events for January, 1981
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. Figure A7 Calender of Events for February, 1981
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Figure A8 Calender of Events for March, 1981
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f’igura A9 Calender of Events for April, 1981
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Figure Al0 Calender of Events for May, 1981
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Figure All Calender of Events for June, 1981
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Figure Al2 Calender of Events for July, 1981
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Figure Al3 Calender of Events for August, 1981
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Figure Al4 Calender of Events for September, 1981
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Figure AlS Calender of Events for October, 1981
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APPENDIX C

Vapor Space Velocity Surveys
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Appendix C

Vapor Space Velocity Surveys

This appendix summarizes the results of velocity surveys which
were performed in the vapor space (the ventilated space above
the internal floating roof) of the 20 ft. diameter test tank to
determine the air flow patterns and local velocities for air
flow distribution T&pes 1 through 4. It was the purpose of
these surveys to better understand the air flow patterns caused
by each of the types of air flow distribution. Also, it was
intended to compare these air flow patterns and local velocities
with those measured on field tanks to help relate the test tank
results to f£ield tanks.

Test Procedure

For each velocity survey, the air flow rate into the test tank
was kept constant at 525 scfm (corresponding to an ambient wind
speed equivalent of 10 mi/hr for the Type 1 air flow distribution)

The velocity surveys were performed at essentially two elevations:
(1) at the level of the center of the air plenum, and (2) at
the level just above the top of the IFR seal.

As shown on Figure Cl, a position grid was established inside the
test tank at the level of the center of the air plenum. This
grid consisted of points located at a radius of 4 ft, 6 ft, and

8 ft.from the center of the tank. A series of eighty radial
lines were utilized in establishing the locations of the measure-
ment point positioms. Utilizing this method, positions were
located on four rings, identified as Rings A, B, C, and D on
Figure Cl. ‘

c2
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It was-&;cided, however, to perform air speed and direction
measurements at only half of these positions, with the thought
that additional air speed and direction measurements could be
performed at the other locations later, if necessary.

To determine the air speed at a particular location, an air

speed probe was mounted on a special stand, which was placed

at the measurement position. Also mounted on this stand was a
protractor and a vertically hanging fine thread which was posi-
tioned by the air flow in the direction of air movement at the
measurement location. For each measurement, the air speed probe
was rotated until a maximum reading was obtained, which occurred
in the direction indicated by the deflected thread. The direction
of air movement was referenced to due North, which was identified
as 0 degrees.

Air Speed Instrumentation

The instrument which was utilized to sense the air speed was an
Alnor Type 8500 Thermo-Anemometer air speed measuring instrument.
This instrument is especially designed to measure the speed of
slowly moving air or gas.

The instrument utilizes a heated thermocouple in a Type 1520
Probe. The probe is attached to a battery powered indicator
through a five foot long extension cable. The indicator has
two scales: 10 through 300 ft/min (0.114 through 3.41 mi/hr)
and 100 through 2,000 ft/min (1.14 through 22.7 mi/hr).
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Test Results

Tables Cl through C5 contain the tabulated measurements, where
both the air speed and direction at each location are listed.

Figures C2 through C5 indicate the air flow pattern for each

of the four air distribution types. At some locations, it was
not possible to determine the exact direction of air movement
since at that particular measuring location the reading of air
movement direction appeared to be-too variable. This probably
indicated the presence of a local turbulence eddy at the measur-
ing location. Figures C2 through C5S also
indicate the air inlet and outlet plenum opening conditions which
were present during each of the velocity surveys.

Figures C6 through C9 show the velocity profile om both the -
inlet and outlet side of the tank for air distribution Types I
.and 2 at the measuring locations which were 4 ft, 6 ft, and 8 ft
from the center of the tank. '

Observations

The lowest velocity which could be measured with the anemometer
was approximately 0.1 mi/hr. At this air velocity, the air
movement is so low that it does not even disturb the vertically
hanging fine thread which was used to indicate air flow
direction.

It should be noted, that when measurements were taken above the
seal for air distribution Type 1, all measurements were less
than 0.1 mi/hr.

In air distribution Types 2 through 4, where the air was
forced to flow through only a few of the plenum openings, it was
possible to measure an air speed at the locations above the seal.




It should be noted, however, that in these air distribution
types the air speed at which the air exited the inlet air
plenum openings were significantly higher than those measured
in Type 1. With these higher inlet air speeds, it should be
expected that more disturbance of the air present in the vapor
space above the internal floating roof would take place.

Also, this level of turbulence might be expected to affect the
air speed just above the seal.

Although for an actual 20 ft. diameter IFR tank ome would
probably have only four shell vents, it should be néoted that
one should be trying to simulate the type of air distribution
which would be expected to occur in the broad population of
IFR tanks, where for larger tank diameters a more uniform dis-
tribution of inlet air flow takes place. It would thus seem
that the air distribution pattern which occurs in Type 1 is
more indicative of this broad population of IFR tanks.

C5
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APPENDIX D

Product Composition and Vapor Pressure Data

D1




TABLE D-1 SUMMARY OF PRODUCT COﬂPOSITION AND VAPOR PRESSURE

D2

Temp., (*P)

- 30
40

S0

60

70

80

90

100

Test No:
Notes:

Calculated Product

Vapor Pres

sure,

Sample Date 9-22-80 | 9-24-80 9-30-80 10-02-80 | L0-08-80

Sample Time I 0730 0800 1430

Component Measured Product Vapor Composition, (mole %)

* Methane 0.0214 | 0.0149 0.0000 0.0086 0.0000
Ethane 2.0328 | 1.8774 0.6090 1.5656 1.0560
Propane 17.5543 |16.8137 11.3025 17.4649 | 16.6248

i-Butane 0.1014 | 0.0898 0.0770 0.1067 0.0954

n-Butane .0.0266 | 0.0206 0.0184 0.0343 0.027%

n-Octane 0.6001 | 0.5439 0.6657 - 0.5102 0.674%
Ooxygen 15.8552 [15.4477 17.2479 15.4245 | 15.9849
Nitrogen 63.8082 [65.1920 70.0795 | 64.8852 | 65.5345

Total 100.0000 J100.0000 |100.0000 |100.0000 | 100.0000

-

Component Calculated Product Liguid Compositicn, (mole %)
Methane 0.0001 | 0.0001 0.0000 0.0000 | 0.0000
Ethane 0.0923 | 0.0882 0.0268 0.0747 0.0467
Propane 3.2912 | 3.3003 2.0363 3.5096 2.985%

i-Butane 0.0610 | 0.0571 0.0442 0.0698 0.0552

n-Butane 0.0246 | 0.0202 0.0162 0.0347 0.0243

n-Octane 96.5308 P6.5340 97.8765 96.3112 |96.8883

Total 100.0000 | 100.0000 [100.0000 ([100.0000 |100.0000

(psia)

.590
.026
.513
.056
.658
.325
. 061
.873

W LN

API 1,2
[1l]

2,583
.018
.504
047
.648
.315
.050
.861

v O Wn & & W W

APT 1,2

1.539
1.810
2.116
2.461
2.847
3.282
3.769
4.313

APT 1,2

NV oW W N

APl

687 2.245
.143 2.631
.652 3.063
.218 3.546
.848 4.084
.544 4.R82
.313 5.345
.159 £.078

3,4 API 3,4




TABLE D-1 SUMMARY OF PRODUCT COMPOSITION AND VAPOR PRESSURE

Calcula

(continued) D3
Sample Date 10-10-80 | 10-13-80 | 10-15-80 10-17-80 10-20-80
Sample Time 1245 1430 1025 1045 1125
— T
Component Measured Product Vapor Compesition, (mole %)
Methane H 0.0054 0.0000 ¢.0014 0.0000 0.0009
Ethane 1.4538 0.9520 1.1119 1.0250 1.2768
Propane 20.8684 18.0539 17.6800 17.7748 19.1074
i-Butane 0.1169 0.1062 0.1054 0.1049 0.1041
n=-Butane 0.0326 0.0286 0.0297 0.0277 0.0293
n=0Octane 0.8561 0.7442 0.6509 0.5419 0.6298
Oxygen 14,7393 14.9765 15.4173 15.3064 14.5467
Nitrogen 61.9275 65.1386 65.0034 65.2193 64.3050
Total 100.0000 |100.0000 100.0000 | 100.0000 [L00.0000
e ]

ted Preduct Liquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 | 0.0000
Ethane 0.0594 0.0408 0.0496 0.0479 0.0574%
Propane 3.3725 3.1086 3.2177 3.4721 3.5197
i-Butane 0.0586 0.0574 0.0610 0.0664 0.0612
n-Butane 0.0248 0.0236 0.0264 0.0271 0.0293
n-Octane 96.4847 96.7696 96.6453 96.3865 96.3323
100.0000 109.0000 100.0000 [00.0000

"Vapor Pres (psia)

[« TNV NNV R R 7 R VI R S I S ]




TABLE D-1 SUMMARY OF PRODUCT coﬁPOSITION AND VAPOR PRESSURE D&
(continued) .

Sanmple Date H 10-22-80 | 10-28-80 | 10-29-80 | 10-31-80 | 11-03-80

Sample. Time 1000 1040 1500 1030 1020
e—— s —
Component Measured Product Vapor Compesition, (mole %)
Methane I 0.0000 0.0000 0.0000 0.0000 0.0000
Ethane 1.20671 0.0593 | 0.0505 0.0573 0.0441
Propane _ 16.7321 2.0649 1.8000 1.5819 1.4257
i-Butane 0.0822 0.0295 0.0241 0.0259 0.0253
n-Butane 0.0249 0.0115 ¢.0121 0.0128 0.0112
n=-0Octane 0.5279 0.4686 0.4418 0.4096 0.7064
Oxygen 15.0265 19.4209 20.0213 19.9152 | 19.7056
Nitrogen 66.3993 77.9453 77.6502 77.9973 78.0817
Total 100.0000 | 100.0000 | 100.0000 | 100.0000 {100.0000
————————— .
Component Calculated Product Liquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 T 0.0000
Ethane 0.0576 0.0029 0.0025 0.0030 0.0019
Propane 3.3438 0.4377 . 0.3904 0.3545 0.2519
i-Butane 0.0533 0.0206 0.0173 | 0.0193 | 0.0142
n-Butane 0.0249 - 0.0125 0.0136 0.0150 0.0096
n-Octane 96.5204 99.5262 99.5761 99.6082 99.7224
Total 100.0000 100.0000 100.0000 | 100.0000 hO0.0000

Vapor Pressure, (psia)

Temp,, (°F)
" 30 2.520 0.378 0.345 0.322 0.248
40 2.950 0.459 0.420 0.394 0.307
S0 1 3.431 0.556 0.510 0.480 0.379
60 3.967 0.671 0.619 0.584 . 0.468
70 4.563 0.809 0.749 0.709 0.577
80 5.224 0.973 0.905 0.860 0.711
90 5.954 1.169 1.093 1.042 0.873
100 6.760 1.401 1.316 1.259 1.071




TABLE D-1 SUMMARY OF PRODUCT COﬁPOSITION AND VAPOR PRESSURE D5

Calculated Product

Vapor Pres

(continued)
Sample Date 11-05-80 | 11-07-80 | 11-18-80 [ 11-21-80 | 11-24-80
Sample Time 1100 0900 1155 1015 1245
Component Measured Product Vapor Compogition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 0.0000
Ethane 0.0368 0.0391 0.0363 0.0348 0.0269
Propane 1.3004 1.2577 0.0499 0.0282 0.0285
i-Butane 0.0070 0.0240 0.0000 0.0000 0.0000
n-Butane 0.0032 0.0094 0.0000 0.0000 0.0000
n-Octane 0.6702 0.5599 0.6675 0.5569 0.6886
Oxygen 19,6943 19.6497 19.8208 19.8930 19.1496
Nitrogen 78,2881 78 .4602 79.4255 79.4871 80.1064
Total 100.0000 100.0000 100.0000 | 100.0000 1100.0000
ke —— e
Component Calculated Product Ligquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 '0.0000
Ethane 0.0016 0.0018 0.0016 0.0016 0.0012
Propane 0.2358 0.2433 n.0091 0.0056 0.0051
i-Butane 0.0040 0.0151 0.0000 0.0000 0.0000
n~Butane 0.0028 : 0.0091 0.0000 0.0000 0.0000
n~Octane 99,7558 99,7307 99.9893 99.9928 99.9937
Total 100.0000 100.0000 100.0000 {100.0000 [L00.0000

sSure,

(psia)

API

o O 0O O O O 0O O
. & & & &« & = >

13,14




TABLE D-1 SUMMARY OF PRODUCT COﬁPOSITION AND VAPOR PRESSURE

Temp., (°P)

30
- 40
50
60

D6
(continued) ‘
sample Date 12-01-80 | 12-03-80 |12-05-80 12-08-80{ 12-10-80"
Sample Time 0930 0930 0940 1225 0900
A— e —

Component Measured Product Vapor Composition, (mole %)
Methane 0.0044 0.0000 0.0000 0.0000 0.0000
'Ethane P 1.9631 1.6521 1.9555 1.8527 1.8912
Propane 18.9462 18.0954 23.4113 | 22.1691 | 22.3659

i-Butane 0.0570 0.0575 0.0790 0.0761 0.0718

n=Butane 0.0059 0.0111 0.0152 0.0145 0.0103

n=Octane 0.7312 0.7614 0.5973 0.6375 0.5906

oxygen 15.1109 15.3239 14,5092 | 16.7969 | 14.6282

Nitrogen 63.1813 64.0986 59.6352 | 58.4532 '} 60.4420

Total 100.0000 | 100.0000 | 100.0000 | 100.0000 { 100.0000
.

Component Calculated Product Liguid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 | 0.0000
Ethane 0.0842 0.0710 0.0893 0.0828 0.0868
Propane 3.2760 3.1120 4.4078 6.0583 { 4.2386

i-Butane 0.0310 0.0309 0.0476 0.0444 0.0436
n-Butane 0.0049 | - 0.0091 0.0141 0.0130 0.0096
n-Octane 96.6039 96.7770 95.4412 | 95.8015 | 95.6214

| 100.0000 | 100.0000 | 100.0000 | 100.0000 l00.0000

Vapor Pressure.vfiéi;

2.545 2.395 3.332 3.075 3.209
2.975 2.802 3.893 3.59¢4 3.749
3.455 3.257 4.518 4.173 4.352
3.990 3.764 5.212 4.816 5.021
4,584 4,329 5.980 5.528 5.762
5.242 4,955 6.827 6.315 6.579
5.969 - 5,648 7.757 7.180 7.478
6.770 6.412 8.776 8.130

API 15,16 AP

API 17-194A
(1)




TABLE D-1 SUMMARY OF PRODUCT COMPOSITION AND VAPOR PRESSURE

(continued) D7

Sample Date 12-12-80 1-28-811] 1-30-81 2-02-81| 2-18-81

Sample Time 1200 1000 0945 0950 0900

Component Measured Product Vapor Composition, (mole §%)

' Methane 0.0000 0.0000 0.0000| 0.0000 | 0.0000
Ethane 1.7702 1.6008 1.1630 1.2636 2.1664
_Propane 22.4517] 11.9935 25.4810 | 22.3220 | 35.6394

i-Butane 0.0851 0.0826 0.0962 0.0962 0.1620

n~-Butane 0.0213 0.0136 0.0166 0.0172 0.0230 i

n~Octane 0.5987 0.6399 0.8535 0.7900 0.6554 |
Oxygen 14.8906f 16.3980 14.7123 | 17.4473 | 12.2886
Nitrogen 60.1824| 69.2716 57.6774 | 58.0637 | 49.0652

Total 100.0000| 100.0000 | 100.0000 | 100.0000 | 100.0000

SRR e

Component Calculated Product Liquid Composition, (mole %)
Methane |  o0.0000| 0.0000 0.0000| 0.0000 | ©.0000
Ethane 0.0803 0.0717 0.0484 0.0530 0.0957
Propane f 4.2023 2.2012 4.1746 3.7322 6.4068

i-Butane { o0.0511 0.0484 0.0487 0.0502 0.0921

n=Butane : 0.0196] - 0.0122 0.0127 0.0137 0.0200

n~-Octane 95.6467| 97.6665 95.7156 | 96.1509 { 93.3854

Total 100.0000| 100.0000 | 100.0000 | 100.0000 |[L00.0000

Calculated Product Vapor Pressure, (psia)
Test No: API 17-194 API 21 API 23-25
Notess [2])




TABLE D-1 SUMMARY OF PR

ODUCT COMPOSITION AND VWAPOR PRESSURE

Calculated Product

100.0000

{continued) D8
Sample Date 2-20-81 2-25-81 2-27-81
Sample Time 0900 - 0700 0755
Component ﬂ Measured Product Vapor Composition, (mole %)
Methanae ﬂ 0.000 0.0000 0.0000 0.0000 °| 0.0000
Ethane 2,196 0.1595 0.0336 0.0144 0.0193
Propane 32.225 18.2265 10.9705 2.7642 2.7859
i-Butane 0.170 0.1157 0.0881 0.0490 0.0561
n-Butane 0.024 0.0167 0.0096 0.0058 0.0105
n-Octane 0.604 0.6204 0.5843. 0.6003 0.6494
Oxygen 12.981 17.0330 20.5853 20.1337 20.7094
Nitrogen 51.798 63.8282 67.7286 76.4326 75.7694
100.0000{ 100.0000 100.0000 L00.0000

0.0008[ 0.0000

Ligquid Composition, (mole %)

Methane 0.0000 0.0000 0.0000
BEthane 0.0994 0.0072 0.0018 0.0007 0.0009
Propane 5.9982 3.3896 2.1011 0.5229 0.5106
i-Butane 0.1011 0.0687 0.0543 0.0298 0.0329
n=Butane 0.0222] - 0.0152 0.0091 0.0054 0.0094
n~-0Octane 93,7791 96.5193 97.8339 | 99.4412 99,4462
Total 100.00008 100.0000 100.0000 |100.0000 100.0000
Calculated Pro&ﬁég Vapéé_;;gssure, fbsi;?__ -
Temp., C‘?)
30 5.453 2.406 1.511 - 0.431 0.424
- 40 5.201 2.824 1.781 0.521 0.513
50 6.032 3.294 2.086 0.627 0.618
60 6.953 3.818 2.430 0.754 0.743
70 7.969 4.402 2.817 0.903 0.892
80 9.084 5.050. 3.252 1.081 1.068
90 10.304 5.767 3.740 1,291 1.2786
11.635 6.560
APT 27-28 APT 27-2¢
Notes: _ [2]




TABLE D-1 SUMMARY OF PRODUCT COﬂPGSITION AND VAPOR PRESSURE

(continued) _ D9
Sample Date 3-09-81 | 3=12-81 | 3-16-81 |3-23-81 | 3-26-81
Sample Time 0920 0900 2- 5 4-03281
Component Measured Product Vapor Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 | -~eee--
Ethane 0.0126 0.0132 0.0176 0.0251 cemoe=
Propane 2.7162 0.1438 0.1116 0.0965 | <~ceo---
i-Butane 0.0330 0.0132 0.0118 0.0065 | =~=-==-
n-Butane 0.0067 0.0048 0.0032 0.0008 | -we~--
n-Octane 0.6669 0.5189 0.5580 0.5498 | <«ce---
Oxygen 20.4902] 21.3368 20.7711{ 20.1181 | -e===-
Nitrogen 76.0544 77.9693 78.5267 | 79.2032 | --=-- -
Total 100.0000| 100.0000 | 100.0000 | 100.0000 |v~e-eecee=-
e e
Component Calculated Product Liquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 .
Ethane 0.0006 0.0006 0.0008 0.0012 | n-Hexane
Propane 0.4970 0.0290 0.0219 0.0190 }{L00.0000
i-Butane 0.0308 0.0087 0.0075 0.0042
n-Butane 0.0060] . 0.0049 0.0032 0.0008
n-Octane 99.4655| 99.9567 99.9666 | . 99.9748
Total 100.0000{ 100.0000 }100.0000 |100.0000 [100.0000
Calculated Product Vapor Pressure, (psia)
Temp., (*F)
30 0.413 0.091 0.086 0.083 0.873
40 0.500 0.124% 0.118 0.115 1.162
50 0.603 0.168 0.161 0.157 1.527
60 0.726 0.225 0.218 0.213 1.980
70 0.872 0.300 0.291 0.286 2.540
80 1.046 0.396 0.387 0.380 3.224
90 1.252 0.519 0.508 0.501 4,051
100 1.494 0.673 0.661 0.653 5.047
Test No: APT 27,28 API 29-314 API 29-314 API 29-3 APT 32-342

Notas: ‘ (3]




TABLE D-1 SUMMARY OF PRODUCT COﬁPOSITION AND VAPOR PRESSURE

(continued) D10
Sample Date 4-20-81 | 4-22-81 |4-28-81 | 4-29-81 | 4-30-81 .
Sample Time 2030 2030 1200
Component Measured Product Vaper Composition, (mole $%)
Methane 0.0000 0.0000 0.0000 0.0000 0.0037
Ethane . 0,7795 0.8340 1.4533 [ 1.3569 | 1.4454
Propane 15.5691 15.9358 21.7928 | 20.7359 | 21.0132
j-Butane 0.0790 0.0887 0.1075 0.1119 0.1054
n-Butane 0.0487 0.0603 0.0550 0.0622 0.575
n~Octane 0.5714 0.6210 0.7755 0.5914 | 0.5600
Oxygen 17.4508 | 17.6060 | 15.2738| 16.3982 | 14.4532
Nitrogen 65.5015 64.85462 | 60.5421 | 60.7435 | 62.3616
Total 100.0000 100.0000 100.0000 | 100.0000 |100.0000
Component I Calculated Product Liquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 0.90000
Ethane 0.0360 0.0374 0.0610 0.0619 0.0670
Propane 2.9919 2.9401 3.6565 3.9102 4.0533
i-Butane 0.0490 0.0524 0.0565 0.0677 0.0656
" n~Butane 0.0466 - 0.0548 0.0441 0.0580 0.0552
n-Octane 96.8766 96.9155 96.1820 95.9023 95.7590
Total 100.0000 100.0000 100.0000{ 100.,.0000 |100.0000

_Calculated Product Vapor Pressure, (psia)

Temp., (°F)
- 30 3.059
40 3.578
50 4.157
60 4,801
70 5.515
80 6.303
90 7.171 :
100 8.124 ;
Test No: APT 35-39 |APT 35-39 |API 39-49 | API 39-49 | APTI 39-49:

Notess: (41 (4] [4]




TABLE D~.1 SUMMARY OF PRODUCT COHPOSITION AND) VAPOR PRESSURE
(continued)

D11
Sample Date I 5-01-81 | 5-04-81 |5-05-81 5-06-81 | 5-07-81
Sample Time 1445 1600 1700 1730 1500
b — __ S
Component Measured Product Vapor Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 0.0000
Ethane 1.4484 1.3548 1.3570 1.4355 1.4357
Propane 20.9201 20.5292 20.2459 20.8412 20.3589
i-Butane 0.1090 0.1075 0.1077 0.1110 0.1093
n-Butane 0.0567 0.0561 0.0631 0.0542 0.0620
" n=Octane 0.5702 0.790%9 0.6477 0.7126 0.5827
Oxygen 15.6789 15.7921 15.5844 15.0131 | 15.4376
Nitrogen 61.2167 61.3694 61.9942 61.8324 62.0138
Total ! 100.0000 100.0000 100.0000 | 100.0000 {100.0000
-]
Component Calculated Product Ligquid Composition, (mole %)
Methane "~ 0.0000. 0.0000 0.0000 0.0000 0.0000
Ethane 0.0671 0.0557 0.0605 0.0624 0.0663
Propane 4.0194 3.4257 3.6851 3.6546 3.8877
i-Butane 0.0674 0.0560 0.0624 0.0613 0.0670
n-Butane 0.0541 . 0.0446 0.0561 0.0458 0.0586
n-Octane 95.7920 56.4181 96.1360 | 96.1760 95.9205
Total £ 100.0000 100.0000 100.0000 | 100.0000 |100.0000
Calculated Pré&&&%ﬂéap;; Presggfgzw-bsi;"
2.749 2.922
© 3,217 3.418
3.740 3.973
4.322 4,588
4.968 5.272
5.683 6.028
6.472 6.681
7.340 | 7.776
gest No: JAPT 39-49 | API 39-49|API 39-49 [ API 39-49 | API 39-40
otes: (4] [4) [4] (4] (4]




TABLE D-1 SUMMARY OF PRODUCT COﬁPOSITION AND ﬁAPOR PRESSURE D12

(continued) _
Sample Date 5-11-81 | 5-12-81 | 5-13-81 | 5-14-81 | 5-15-81
Sample Time 1700 1700 2000 1945 1845
ST R, R e S
Component H Measured Product Vapor Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 0.0000
Ethane 1.4359 1.4292 1.3691 1.3545 | 1.3430
Propane 20.8368 20.9769 20.1396 1 20.2730 | 19.9480
i-Butane 0.1083 0.1104 0.1086 0.1100 0.1071
n-Butane 0.0535 0.0654 0.0575 0.0622 0.0564
n=-Octane 0.5134 0.5216 0.5753 0.7457 0.7314
Oxygen 14,8258 14.3533 15.5691 | 15.5880 | 15.9400
Nitrogen 62.2263 62.5441 62.1808 | 61.8666 | 61.8740
Total 100.0000 | 100.0000 {100.0000 | 100.0000 {100.0000
———————— e ————
Component Calculated Product Liquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 | 0.0000
Ethane 0.0687 0.0681 0.0632 0.0577 0.0577
Propane 4.1866 4.1881 3.8512 3.4719 3.4513
i-Butane 0.0707 0.0715 0.0668 0.0592 0.0583
n-Butane 0.0541 | - 0.0656 0.0546 0.0511 0.0469
n-Octane 95.6200 95.6067 95.9642 | 96.3602 | 96.3859

Temp., (°F)

30
40
50
60
70
80
90

Notess

100.0000

Calculated Product

100.0000

100.0000 | 100.0000

.0000

Vapor Pressure, (psia)

3.132 3.133
3.663 3.
4.256 4.
4.914 4.
5.644 5.
6.449 6.
7.335 7.

8.

(4]

APT 39-49

2.877 2.612 2.597
3. 3.
3. 3.
4. 4,
4, 4,
5. 5.
6. 6.
6. 6.

APT 39.49
[4] (4] [4)

APT 39-49



TABLE D-1 SUMMARY OF PRODUCT COMPOSITION AND WAPOR PRESSURE D13

(continued)
Sample Date 5-16-81 { 4-27-81 | s5_29.a1 | 6-25-81 | 7-01-81
Sample Time 1500 5.f2.81 1930 0840 1045
S— S —C T —
Component Measured Product Vapor Composition, (mole %)
Methane 0.0000 0.0003 0.0000 0.0000 0.0000
Ethane 1.3290 1.3961 0.0400 1.2517 | 1.1461
Propane [ 19,9698 | 20.6129 0.8085 | 16.3649 | 16.0835
i-Butane 0.1092 0.1087 0.0168 0.0808 0.0753
n-Butane 0.0630 0.0589 0.0189 0.0298 0.0303 |
n-Octane 0.8355 0.6539 0.6416 0.5141 0.5108 |
Oxygen 16.2065 15.4367 20.3448 | 17.1281 | 16.8956
Nitrogen 61.4870 61.7324 78.1294 | 64.6306 | 65.2584

Total

00.0000 100.0000 100.0000 | 100.0000 [100.0000
—————————————

Co nent Calculated Product Ligquid Composition, (mole %)

Methane 0.0000 0.0000 0.0000 | 0.0000 | 0.0000
Ethane 0.0550 0.0627 0.0018 | 0.0601 | 0.0551
Propane 3.2736 3.7690 0.1497 | 3.2986 | 3.2517

i-Butane 0.0556 0,0631 0.0099 | 0.0530 | 0.0496

n-Butane 0.0488 . 0.0524 0.0172 | o0.0302 | 0.0309

n-Octane 96.5671 |=96.0529 {%°99.8213 | 96.5581 | 96.6127

}uoo.opoo’f 1100.0000 | 100.0000 | 100.0000 [1.00.0000

- Calculated Product Vapor Pressure, (psia)

Temp., (°P) .
30 2.468 2.829 0.178 2.497 2.450
40 2.890 3.310 0.225 2.923 2.869
50 3.363 3.848 0.285 3.400 3.338
60 3.889 4646 0.360 3.930 3.860
70 4.475 5.110 0.454 4.521 4,441
80 5.124 5.844 0.571 5.176 5.086
90 5.843 6.654 0.716 5.899 5.799

6.635 7.544 0.895 6.697 6.586

API 39-49 | APT 39-49] API 30,51} API 52-61 |-APT 52-61
14l £51] :

Notess




TABLE D-1 SUMMARY OF PRODUCT COﬂPOSITION AND VAPOR PRESSURE

Tegp., ('P)

Test No:
Notes:

Calculated Preduct

Vapor Pres

sure,

(psia)

(continued) D14
Sample Date 7-10-81 7-13-81 | 7-17-81 | 7-20-81 }7-21-81
Sample Time 0930 0920 0920 1235 1000
e ————
Component Measured Product Vapor Compositien, {(mole &)
Methane 0.0000 0.0000 0.0000 0.0000 0.0000
Ethane 1.1016 1.1158 0.7732 0.7634 0.3723
Propane 15.8834 15.8143 13.4051| 13.2884 8.7380
i-Butane 0.0818 0.0797 0.0708 0.0690 0.0543
n-Butane 0.0317 0.0247 0.0260 0.0214 0.0161
n-Octane 0.5131 0.5077 0.6119 0.4902 0.4931
oxygen 16.8470 16.6485 17.7995] 17.6359 | 18.5499
Nitrogen 65.5414 65.8093 67.3135] 67.7317 | 71.7763
Total 100.0000 100.0000 | 100.0000 | 100.0000 |100.0000 ‘
_lm
Component Calculated Product Liquid Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.0000 {- 0.0000
Ethane 0.0529 0.0535 0.0351 0.0369 0.0180
Propane’ 3.2044 3.1941 2.5130 2.7166 1.7961
i-Butane 0.0537 0.0525 0.0425 0.0462 0.0366
n-Butane 0.0322 . 0.0252 0.0240 0.0222 0.0168
n-Octane 96.6568 96.6747 97.3854 | 97.1781 | 98.1325
100.0000 100.0000 | 100.0000 | 100.0000 }100.0000

[« JUEV BNV N B PV I VR X R )
*» @« a & & s & @

API 52-61

API 52-61

API 52-61
(1) .

APTI 62




TABLE D-1 SUMMARY OF PRODUCT COﬁPOSITION AN} VAPOR PRESSURE D15

(continued)
Sample Date 7-27-81 8-04-81 8'23'81 9-08-81 9-10-81
Sample Time 1155 1030 §-29-81 2145 1700
R SR e T T
Component Measured Product Vapor Composition, {(mole %)
Methane - 0.0000 0.00000|  ------ 0.0000 | 0.0000
Ethane 0.0176 0.01836] ==~--- 0.0612 0.0030
Propane 1.5226 0.00244] e-e--- 0.3275 0.0227
i-Butane 0.0254 0.00086| <—==--- 0.0024 0.0000
n-Butane 0.0121 0.00056] --=e-- 0.0007 0.0000
n-Octane 0.4836 0.47361l] ~em=-- 0.5093 0.5643
Oxygen 20.4884 21.03528] ~e-v-- 18.0558 | 20.7637
Nitrogen 77.4503 78.46889] ------ 81.0431 | 78.6463
Total 00.0000 100.0000 | ~cecvceue 100.0000 |100.0000

Calculated Product Liquid Composition, (mole %)

Methane 0.0000 0.0000 | ==m--- 0.0000 | 0.0000
Ethana 0.0009 0.0009 |n-Hexane 0.0030 | 0.0001
Propane 0.3186 0.0005 |100.0000 0.0668 | 0.0044
i-Butane 0.0174 0.0006 | --=--- 0.0016 | 0.0000
n-Butane 0.0129 |- 0.0006 | ------ 0.0007 | o0.0000
n-Octane 99.6501 | 99.9974 | ------ 99.9279 | 99.9955

00.0000 100.0000 3106.0000 100.0000 [100.0000
‘Calculated Product

Vapor Pressure, (psia)

Temp., (*F)
30 0.291 0.070 0.873 0.121 0.070
40. 0.358 0.099 1.162 0.159 0.100
50 0.438 0.139 1.527 0.208 0.140
60 0.536 0.192 1.980 0.271 0.193
70 0.655 0.263 2.540 0.352 0.263
a0 0.800 0.354 3.224 0.455 0.355
90 0.974 0.471 4.051 0.584 0.472
100 1.184 0.619 5.047 0.746 0.620

Test No: APT 63 API 64 APT 65,6~ | APT 67A API 67
Notes: {31




TABLE D-1 SUMMARY OF PRODUCT COﬁPOSITION AND VAPOR PRESSURE

{(continued) D16
Sample Date 9-16-81 | 9-25-81 | 10-1-81 | 10-14-81 | 10-21-81
Sample Time 9-21-81 | 1715 1010 1800 1030
e — T
Component Measured Product Vapor Composition, (mole %)
Methanea | «ccec-- 0.0033 0.0000 0.0036 0.0000
Ethane [ «=v==- ©2.7953 0.6159 2.7117 2.4093
Propane ] emeee- 22.1621 8.3489 19,0345 17.5126
i-Butanea 2 | ~~~--- ©0.0801 0.0466 0.0808 0.0725
n-Butane @ | -ee-e- 0.0172 0.0114 0.0172 0.0170
n=-Octane RS- 0.5276 0.5644 _ 0.4073 0.4884
Oxygen | =«cv=- 15.9322 19.1826 16.2730 16.8337
Nitrogen | <-e~-- 58.4822 71.2302 61.4719 | 62.6665
Total = | ______ 100.0000 | 100.0000 100.0000 ]100.0000
Component Calculated Product Ligquid Compesition, (ﬁole %)
Methane | ------ 0.0000 0.0000 0.0000 |: 0.0000
Ethane n-Hexane 0.1319 0.0286 0.1390 0.1177
Propane 100.0000 4 ,3805 1.6180 4,2165 3.6150Q
i-Butane @ | ~-=-==-- 0.0513 0.0292 0.0595 0.0489
n-Butane | ------ . 0.0170 0.0110 0.0198 0.0178
n=Octane @ | -<=e==- 95.4193 98,3131 95.5653 96,2006

------- 100.0000 | 100.0000| 100.0000

Calculated Product Vapor Pres (psia)

sure,

Temp., (*F)
- 30 0.873 3.439 1.257 3.351 2.878
40 1.162 4.012 1.480 3.907 3.358
80 1.527 4,648 1.733 4.526 3.894
60 1.980 5.355 2.020 5.214 4,490
70 2.540 6.136 2.344 5.973 5.150
80 3.224 6.996 2.710 6.810 5.878
90 4.051 7.940 3.123 7.729 6.681
100 5.047 8.973 3.588 8.735 7.563

Test No: API 68,69 |API 70-71A{APTI 72 API 73-77 1 API 73-77
Notes: (3] ,




TABLE D-1 SUMMARY OF PRODUCT COﬂPOSITION ANDD VAPOR PRESSURE

(continued) _ D17
Sample Date | 14 59_g
Sample Time 1300
[r— "

cOmggnent1 Measured Product Vapof Composition, (mole %)
Methane f 0.0000
Ethane 2.1300
Propane 16.3446
i-Butane 0.0680
n-Butane 0.0163
n-Octane . 0.4721
Oxygen 16.6690
Ritrogen 64.3000
100.0000

Component Calculated Product Liquid Composition, (mole %)
Methane 0.0000 | '
Ethane 0.1048
Propane 3.5178

i-Butane- 0.0466
n-Butane 0.0173
n=0Octane 96.4135

 100.0000

Calculated Pféduct Vaper Pres




(1].

{21,

[31.

D18

ce Notes for Table D1

Sample was not used by the contractor to reduce the
emission test data. The vapor pressure data from this
sample does not follow the normal pattern of decay with
respect to time when compared with other samples in the
same time period.

Sample was not used by the contractor to reduce the emission
test data. This sample indicates an excessively high

propane loss.

Example}

Sample Time Total lbmoles 7 C3 lbmoles 1bm

Date In Tank In Liquid of C3 of C3°
1-30-81 0945 ~ 703 4.17 29.3 1293
2-02-81 0950 ~ 703 3.73 26.2 1156

Loss of C3 indicated by Samples = 1293-1156 = 137 lbm
Loss of C3 indicated by Emission Test API22
~ 8 lbm/day X 3 days = 24 lbm
(excluding non-equilibrium points)

In general, a sample was not used if;
(loss indicated by sample) > 3X (loss indicated by

emission Testing)

Product was purchased as high purity n-Hexane. A gas

chromatograph analysis was not performed.




D19

[4]. The decay of vapor pressure with respect to time was not
detectable due to the normal scatter in the vapor pressure
‘data, The low emission levels throughout this time period
made it possible to use an average vapor pressure curve
without introducing any appreciable error.

[5]. The vapor composition shown is the average vapor composition
for all samples in the time period from 4-27-81 to 5-16-81.
The liquid composition and vapor pressure were calculated
in the usual manmer.
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TABLE D2 TPRODUCT COMPOSITION AND VAPOR PRESSURE FOR IFR DECK

FITTING AND PERMEABILITY TESTS D24
Sample Date 9-2-81 | 9-10-81 | 9-24-81 |9-28-81 | 9-2-81
saimple Time 2310 2130 1720 2230 2320

Calculated Product

Component Measured Product Vapor Composition, (mole %)
Methane 0.0000 0.0000 0.0004 0¢.0000 0.0000
Ethane 0.6530 0.1943 0.4347 0.1077 0.8939
Propane 15.1953 10.9305 34,2872 R1.1243 16.8290

i-Butane 0.0816 0.0705 0.1613 0.1404 0.0857
n-Butane 0.0173 0.0145 0.0202 0.0275 0.0202
n-Octane 0.6034 0.5271 0.5756 0.6163 0.5108
Oxygen 17.5486 18.7198 ' |13.9761 6.4360 17.0151
Nitrogen 65.9008 69.5433  ]50.5446 1.5477 P4.6453
Total 100.0000 |100.0000 [100.0000 {100.0000 |[100.0000

Liquid Composition, (mole %)

8 0.0000

Temp. (°F)

Vapor Press. at
Avg. Prod. Temp
(psia)

Vapor Molecular
Vit. at Avg.

Prod. T .
(lbmllb::Ye)
Test No.

Notes:

Average Product.

3.85

48.3

9A
{ Initial

| Sample

2.94
50.1

94
. Final

Sample

8.12

46.1

9B
Initial

Sample

9B
Final
Sample

Methane 0.0000 0.0000 0.0000 '0.0000

Ethane | 0.0297 0.0092 0.0199 0.0049 0.0428

Propane '2.8574 2,1800 6.4873 3.9291 3.3879
i~-Butane ! 0.0492 0.0457 0.0978 0.0834 0.N562
n-Butane 0.0160 0.0145 0.0188 0.0252 0.0205
n-Octane 197.0477  |97.7506  [93.3762 T5'9573 p6.4926
Total 100.000 100.0000 | 100.0000 |100.0000 |100.0000

68.3

4,45

47.4

10
Initial

Sample




TABLE D2 PRODUCT COMPOSITION AND VAPOR PRESSURE FOR IFR DECK D25
FITTING AND PERMEABILITY TESTS (continued)

COmEnent

Calculated Product

Sample Date 9-10-81 9-24-81 9-3-81 9-11-81 9-23-81
Sample Time 1730 1530 1430 1430 1500
| S - -
r-;:;;;nent ' H Measured Product Vapor Composition, (mole %)
Methane 0.0000 0.0000 0.0000 0.1000 0.0000
Ethane 0.6677 0.4704 0.7441 0.5129 0.3321
Propane 15.9082 14.2366 14.9626 [12.9359 12,3846
i-Butane 0.0785 0.0832 0.0769 | 0.0672 0.0759 -
n-Butane 0.0131 0,0129 0.0171 0.0127 0.n1478
n-Octane 0.4846 0.4693 0.4777 0.5069 0.5333
Oxygen 17.1347 17.3089 | 17.2314 |[17.4411 18.1950
Nitregen 65.7132 67.4187 66.4902 |68.5233 £8.4642
Total 100.0000 |100.0000 {100.0000 |100.0000

Liquid Composition, (mole %)

|

Average Product
Temp. (°F)

Vapor Press. at
Avg. Prod.Temp.
(psia)-=-

Vapor Molecular
Wt. at Avg.
Prod. Temp.
(1lbm/1lbmole)
Test No,

Notes:

10

Sample

Mathane 0.0000 0.0000 0.0000 0.0000 - n.n0nn
Ethane 0.0324 0.0233 0.0363 0.0247 n.nls8
Propane 3.2802 2.9991 3.1024 2.6258 2.4746
i-Butane 0.0530 0.0575 0.0523 0.0445 0.0492
n-Butane 0.0137 0.0138 0.0180 0.0130 f.0148
n=-Octane’ 96.6207 96.9063 96.7910 |97.2920 97.4456
100.0000 100.0000 [100.0000 [100.000N

11
Initial

Sample

11 11
IntefmediaTe Final

Sample Sample




TABLE D2 PRODUCT COMPOSITION AND VAPOR PRESSURE FOR IFR DECK D26
FITTING AND PERMEABILITY TESTS (continued)

Calculated Product

A ' sample Date 10-5-81 10-21-81 {12-22-81 |12-22-81 | 12-22-81
Sample Time 2230 2100 2100 2100 2130
Component Measured Product Vapor Composition, (mole %)

Methane 0.0000 0.0000 0.0000 0.0000 0.0000
Ethane 0.1913 0.1736 0.4028 0.4330 0,4724
Propane 31.8965 30.1565 19.0887 17.9150 21.9871
i-Butane 0.1839 0.1718 0.0779 0.0706 0.0939
n-Butane 0.0320 0.0204 0.0103 0.0103 0.0102
n=Octane 0.4632 0.4337 0.5488 0.4697 0.4278
oxygen 13.6292 13.8483° | 17.0054 17.0581 | 16.2778
Nitrogen 53.6039 55.1957 62.8661 64.0433 60.7308
Total JL00.0000  {100.0000 {100.0000 |100.0000 |100.0000

Liquid Composition, (mole %)

Methane 0.0000 0.0000 0.0000 0.0000 n,nnno
Ethane 0.0094 0.0087 0.0189 0.0213 n.0238
Propane 6.6385 6.4981 3.7361 3.7470 4.7677
i-Butane 0.125L 0.1216 0.0493 0.0484 0.M673
n=Butane 0.0338 0.0225 0.0l00 0.0110 0.0114
n=-Octane 93.1931 93.3491 96.1857 96.1723 95.1297
100.0000 |[100.0000 |100.0000 |100.0000

Average Product
Temp. (°F)

Vapor Press. at

Avg. Prod.Temp. |

(psia)

Vapor Molecular
Wt. at Avg.
Prod. Temp.
(1bm/lbmole)
Test No.

Notes:

16
Initcial

Sample

7.05

45.9

16
- Final
Sample

53.8
3.86

46.6

19
Initial

Sample

48.1

3.56

46.3

20
Initial
Sample

50.9
4.68

45.9

21
Initial
Sample




APPENDIX E

- w—roo . Bench Scale_ __ __

Deck Fitting Emission Test Data
and

Permeability Test Data
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IFR Deck Fitting Emission Data Sheet

Scale No.: 1 Sheet No.: 1
Test Mo.: 1
Test Description: Access Hatch Cover, Ungagketed —
Date Time Elapsed| Temo. Height Weight
Time Change Notes
(hrs.) (°F) (1lbm) (1bm)
5-20-81 1530 0.0 64.7 299 .8 0.0 Begin test
5-21 0930 18.0 62.4 299.8 0.0 g
5-21 1530 24.0 65.6 299.6 -0.2
5-22 0930 42.0 63.5 299.8 0.0
5-22 1530 48.0 66.2 299.8 0.0
5-23 0630 63.0- 65.8 299.8 0.0
5-26 0900 137.5 65.2 300.0 +0.2
5-26 1600 144.5 67.7 300.0 +0.2
5-27 0900 161.5 64.3 299.8 0.0
5-28 0930 186.0 60.5 299.6 -0.2
5-28 1600 192.5 63.9 299.8 0.0
5-29 0900 209.5 66.2 299.8 0.0
5-29 1600 216.5 68.2 300.0 +0.2
6-1 0900 281.5 61.5 299.4 -0.4
6-1 1600 288.5 64.0 299 .4 -0.4
6-2 0900 305.5 66.1 299.8 0.0
6-2 1600. 312.5 67.6 300.0 +0.2
6-3 0900 329.5 67.4 300.0 +0,2
6-3 1600 336.5 69.5 299.8 0.0
6-4 0900 353.5 67.1 299.8 0.0
6-4 1600 360.5 69.2 299.8 0.0
6-5 0900 377.5 67.0 299 .8 0.0
6-5 1600 384.5 69.6 300.0 +0.2
6-8 0900 449.5 73.0 299.4 -0.4
6-8 1600 456.5 74.8 299.6 -0.2
6-9 0900 473.5° 67.6 299.6 -0.2
6-9 1600 480.5 68.0 299.6 =-0.2
6-10 0900 497.5 65.2 299.6 -0.2
6-19 1600 504.5 66.8 299 .6 -0.2
6-11 0900 521.5 65.5 299.4 -0.4
6-12 0900 545.5 67.8 299.4 -0.4
6-12 1600 552.5 69.4 299 .6 -0.2
6-15 1600 624.5 77.1 300.2 +0.4
6-16 0900 641.5 72.3 300.0 +0.2
6-16 1600 648.5 70.9 299.8 0.0
6-17 0944 €65.5 64,1 299.6 -0.2
6-17 1600 672.5 67.5 299.6 -0.2
6-18 0900 689.5 66.8 299.6 -0.2
6-18 1600 696.5 70.3 299.6 -0.2
6-19 1600 720.5 70.3 299.2 -0.6

Contract 05000 Pafe No.: E2




IFR Deck Fitting Fmission Data Sheet

Scale No.: _1 ' Sheet No.: _2
Test ¥No.: -~ _1
Test Description: Access Hatch Cover, Ungasketed

Date Time Elapsed| Temp. | Weight | Weight
Time Change Notes
(hrs.) (°F) (1bm) (1bm) '

P:W

6-22-811 0900 - | 785.5 64.2 299.4 -0.4
6-22 1600 792.5 66.3 299.2 -0.6
6-23 0900 809.5 64.7 299.2 -0.6
6-23 1600 816.5 €6.4 299.2 -0.6
6-24 0900 833.5 67.9 299.2 -0.6
6-24 1600 840.5 70.8 299.4 -0.4
6-25 0900 857.5 69.9 299.4 -0.4
7-1 2100 RO13.5 74.7 298.6 -1.2
7-6 0900 [1121.5 70.7 298.2 -1.6 End test

Contract 05000. ' Pape No.: E3




e IFR Deck Fitting Fmission Data Sheet

Scale No.: 2 ' Sheet No.: 1
Test MNo.: 2
Test Description: Access Hatch Cover, Gasketed and Clamped
Date Time Elapsed] Temp. | VWeight | Weight
Time Change Notes
(hrs.?) (°F) (1lbm) (1bm) ,
5-20-811] 1530 . 0.0 63.9 293.6 0.0 Begin test
5-21 0930 18.0 62.0 293.4 -0.2
5-21 1530 24.0 64.9 293.6 0.0
5-22 0930 $2.0 63.1 293.4 -0.2
5-22 1530 48.0 65.8 293.4 -0.2
5-23 0630 63.0 65.6 293.2 -0.4
5-26 0900 137.5 65.0 293.6 0.0
5-26 1600 | 144.5 67.4 293.6 0.0
5-27 . 0900 161.5 64.0 293.4 -0.2
5-28 0930 186.0 60.0 293.4 -0.2
5-28 1600 192.5 63.4 293.6 0.0
5-29 0900 209.5 66.2 293.6 0.0
5-29 1600 216.5 68.0 293.8 +0.2
6-1 0900 281.5 61.2 293.0 -0.6
6-1 1600 288.5 63.6 293.4 -0.2
6-2 0900 305.5 66.0 293.4 -0.2
6-2 1600 | 312.5 67.3 293.6 0.0
6-3 0900 329.5 67.3 293.6 0.0
6-3 1600 336.5 69.1 293.4 -0.2
6-4 0900 353.5 67.0 293.4 -0.2
6-4 1600 360.5 68.8 293.4 -0.2
6-5 0900 377.5 66.7 293.4 -0.2
6-3 1600 384.5 69.0 293.6 0.0
6-8 0900 449.5 73.0 293.2 -0.4
6-8 1600 456.5 74.4 293.4 -0.2
6-9 0900 473.5 67.2 293.2 -0.4
6-9 1600 480.5 67.7 293.2 -0.4
6-10 0900 497.5 64.8 293.2 -0.4
6-10 1600 504.5 66.5 293.2 -0.4
6-11 0900 521.5 65.2 293.2 -0.4
6-12 0900 545.5 67.8 293.2 -0.4
6-12 1600 552.5 69.1 293.4 -0.2
6-15 1600 .624.5 76.9 293.6 0.0
6-16 0900 641.5 71.9 293.2 -0.4
6-16 1600 648.5 70.8 293.2 -0.4
6-17 0900 665.5 63.6 293.0 -0.6
6-17 1600 672.5 66.7 293.0 -0.6
6-18 0900 689.5 | 66.4 293.0 -0.6
6-18 1600 696.5 69.8 293.2 -0.4
6-19 1600 720.5 70.1 292.8 -0.8

Contra;t 05000 . Pape Mo.: F4




Scale'ﬁo.:
Test No.:

Test Description:

IFR Deck Fitting Enission Data Sheet

2
2

Sheet No.:

Access Hatch Cover, Gasketed and Clamped

2

T ———

_Date

Time

Elapsed
Time

(hrs.)

Temp.

(°F)

Teight
(1bm)

Weight
Change
(1bm)

Notes

6-22-81| 0900 785.5 63.9 293.0 | -0.6
6-22 1600 792.5 65.8 293.0 | -0.6
6-23 0900 809.5 64.2 292.8 | -0.8
6-23 1€00 816.5 66.0 293.0 | -0.6
6-24 0900 833.5 68.0 293.0 | -0.6
6-24 1600 840.5 70.4 293.4 § -0.2 End Test

Contract 05000 Page Mo.: ES




Scale No.:

IFR Deck Fitting Fmission Data Sheet

Sheet No.: _1
Test No.:
Test Description: 1-1/2 in, Nia, Adjugtable Raof leg

Date Time Elapsed] Temp. | Weight | Weight

Time Change Notes

(hrs.) (°F) {1bm) (1bm)
6#-5-81 1600 0.0 69,2 327.8 0.0 Begin Test
6~-8 0900 65.0 73.0 327.4 -0.4
6-8 1600 72.0 74.7 327.6 -0.2
6-9 0900 89.0 67.4 327.4 -0.4
6-9 1600 96.0 67.9 327.4 -0.4
6-10 0900 113.0 €4.9 327.4 -0.4
6-10 1600 120.0 66.7 327.4 -0.4
6-11 0900 137.0 65.0 327.4 -0.4
6-12 0900 161.0 67.8 327.4 -0.4
6-12 1600 168.0 69.4 327.6 -0.2
é-15 1600 240.0 77.0 327.0 -0.8
6-16 0900 257.0 71.9 326.6 -1.2
6-16 1600 264.0 70.8 326.4 -1.4
6-17 0900 281.0 63.5 326.2 -1.6
6-17 1600 288.0 67.0 326.2 -1.6
6-18 0900 305.0 66.4 326.2 -1.6
6-18 1600 312.0 70.0 326.2 -1.6
6-19 1600 336.0 70.2 - 326.0 -1.8
6-22 0900 401.0 64.1. 326.2 -1.6
6-22 1600 408.0 66.2 326.2 -1.6
6-23 0900 425.0 64.2 326.0 -1.8
6-23 1600 432.0 66.2 326.0 -1.8
6-24 0900 449.0 68.0 326.2 -1.6
6-24 1600 456.0 70.6 326.4 -1.4 End Test

Contract 05000 Pape No.: Fb6




IFR Deck Fitting Fmission Data Sheet

Scale No.: 4 Sheet No.: __1
Test No.: =~ &
Test Description: 8 in. Dia. Slotted Pipe Sample Vell
Date Time Elapsed| Temp. | Weight | Weight
Time Change Notes
(hrs.) (°F) (1bm) (lbm)
5-20-81] 1530 0 65.7 339.5 0 Begin Test
5-21 0930 18.0 61.6 339.0 -0.5
5-21 1530 24,0 66.0 339.0 -0.5
5-22 0930 42.0 62.6 338.5 -1.0
5-23 0630 63.0 65.6 338.0 -1.5
5-26 0900 137.5 64.6 338.0 -1.5
5-26 1600 144.5 68.2 | 337.5 -2.0
5-27 0900 161.5 63.0 336.5 -3.0
5-28 0930 186.0 - 58.5 336.5 -3.0
5-28 1600 192.5 64.0 336.5 -3.0
5-29 0900 209.5 66.3 336.5 -3.0
5-29 1600 216.5 68.9 336.5 -3.0
6-1 0900 281.5 60.4 335.0 =4.5
6-1 1600 288.5 64.4 335.0 -4.5
6-2 0900 305.5 66.2 334.5 -5.0
6-2 1600 312.5 68.0 334.5 =5.0
6-3 0900 - 1329.5 67.3 334.5 -5.0
6-3 1600 336.5 70.0 333.5 -6.0
6-4 0900 353.5 66.8 333.0 -6.5
6-4 1600 360.5 69.6 333.0 -6.5
6-5 0900 377.5 66.4 333.0 -6.5
6-5 1600 384.5 69.9 333.5 -6.0
6-8 0900 449.5 73.5 330.5 -9.0
6-8 1600 456.5 75.7 330.5 -9.0
6-9 0900 473.5 66.4 330.5 -9.0
6-9 1600 480.5 67.2 330.5 -9.0
6-10 0900 497.5 64.0 330.5 -9.0
6-10 1600 504.5 66.8 330.5 -9.0
6-11 0900 521.5% 64.4 329.5 | -+10.0
6-12 0900 545.5 67.6 329.5 -10.0
6-12 1600 552.5 69.0 329.5 |-10.0
6-15 1600 624.5 78.4 327.5 |-12.0
6-16 0900 641.5 71.4 327.5 |-12.0
6-16 1600 648.5 79.0 327.5 |-12.0
6-17 0900 665.5 62.0 326.5 |-13.0
6-17 1600 672.5 67.3 326.5 }-13.0
6-18 0900 689.5 65.8 326.5 -13.0
6-18 1600 696.5 71,0 326.5 |-13.0
6-19 1600 720.5 70.5 325.5 }-14.0
Contract 05000 . Pape No.: E7




o IFR Deck Fitting Fmission Data Sheet

Scale No.: 4 ' Sheet No.: 2

Test No.: 4 _
Test Description: 8 in. Dia. Slotted Pipe Sample Vell

Date Time Elapsed| Temp. Veight | Weight
Time Change Notes
(hrs.) (°F) (1bm) (1bm)

w

6-22-81| 0900 785.5 63.0 324.0 -15.5

6-22 1600 792.5 66.1 324.0 -15.5

6-23 0900 809.5 63.4 324.0 -15.5

6-23 1600 816.5 66.3 324.0 -15.5

6-24 0900 833.5 67.9 323.0 ~16.5

6-24 1600 840.5 71.4 323.0 -16.5

6-25 0900 857.5 69.8 324.5 -15.0

7-1 2100 1013.5 75.2 319.5 -20.0

7-6 0900 1121.5 70.4 316.5 | ~-23.0 .
7-16 1600 1368.5 77.0 311.5 -28.0 } End Test

Contract 05000 . Pape No.: E8




IFR Deck Fitting Emission Data Sheet

Scale No.: 5 Sheet No.: 1

Test No.: 3
Test Description: _8 in, Dia. Pipe Columm Well
Date Time Elapsed| Temp. | Veight | Weipht
Time Change Notes
(hrs.) {°F) (1bm) (1bm)
5-20-81| 1530 0.0 65.2 340.5 0.0 | Begin test :
5-21 0930 18.0 61.3 340.5 0.0
5«21 1530 24.0 65.6 340.5 0.0
5-22 0930 42,0 62.3 340.5 0.0
5-22 1530 48.0 66.7 340.0 -0.5
5-23 0630 63.0 65.4 340.0 -0.5
5-26 0900 137.5 64.4 340.0 -0.5
5-26 1600 144 .5 67.9 340.0 -0.5
5-27 0900 161.5 62.6 340.0 -0.5
5-28 0930 186.0 58.2 340.0 -0.5
5-28 1600 192.5 63.5 340.0 -0.5
5-29 0900 209.5 66,2 340.0 -0.5
5-29 1600 216.5 68.8 340.0 -0.5
6-1 0900 281.5 60.3 - 339.5 -1.0
6-1 1600 288.5 64,2 339.5 -1.0
6-2 0900 305.5 66.2 339.0 -1.5
6-2 1600 312.5 68.0 338.5 -2.0
6-3 0900 329.5 67.5 339.0 -1.5
6-3 1600 336.5 70.1 338.5 -2.0
6-4 0900 353.5 66.8 338.5 -2.0
6-4 1600 360.5 69.6 338.0 -2.5
6-5 0900 377.5 66.4 338.0 -2.5
6-5 1600 384.5 69.9 338.0 -2.5
6-8 0900 449.5 73.8. 337.0 =3.5
6-8 1600 456.5 75.8 337.0 -3.5
6-9 0900 473.5 66.0 337.0 -3.5
6-9 1600 480.5 65.0 337.0 -3.5
6-10 0900 497.5 63.8 337.0 -3.5
6-10 1600 504.5 66.6 337.0 -3.5
6-11 0900 521.5 64.4 336.5 =4.0
6-12 0900 545.5 67.6 336.5 -4.0
6-12 1600 .552.5 70.0 336.5 -4.0
6-15 1600 624.5 78.6 335.5 -5.0
6-16 0900 641.5 71.3 335.5 -5.0
6-16 1600 - 648.5 70.2 335.5 =5.0
6-17 0900 665.5 61.8 335.0 -5.5
6-17 1600 672.5 66.8 335.0 -5.5
6-18 0900 689.5 66.0 335.0 -5.5
6-18 1600 696.5 70.9 335.0 -5.5
6-19 1600 720.5 70.3 -+ 335.0 -5.5

Contract (05000

Pape No.:




ae IFR Deck Fitting Emission Data Sheet

Scaie No.: 5 : Sheet No.: 2
Test No.: S ’
Test Description: _8 in, Dia. Pipe Columm Well
Date Time Elapsed| Temp. Ueight | Weight
Time Change Notes

(hrs.) (°F) (1bm) (1bm)

_—

6-22-811 0900 785.5 62.8 334.5 -6.0
6-22 1600 792.5 65.8 334.5 -6.0
6-23 0900 809.5 63.4 334.0 -6.5
6-23 1600 816.5 66.0 334.0 -6.5
6-24 0900 833.5 67.9 334.0 -6.5
6-24 1600 840.5 71.3 334.0 -6.5
6-25 0900 857.5 69.8 334.0 -6.5
7-1 2100 1013.5 75.2 331.5 -9.0
7-6 0900 1121.5 70.3 331.0 -9.5
7-16 1600 1368.5 76.7 328.0 | -12.5 End test

Contract 05000 _ _ Pape No.: El10




o IFR Deck Fitting Emission Data Sheet

Scale No.: 1 ; Sheet No.: 1
Test No.: -
Test Description: 1l in. Dia., Stub Drain
Date Time Elapsed|{ Temp. | Veight | Weight
Time Change Notes
(hrs.) (°F) (1bm) (1bm)

F

]
1
[+ <}
-

(R I D I D IO D D R O I I |
HOWOYLHLrWNFORWO

]

HOOOMO W

mmmmmmmmmmmmm?quqquq--4-4-.1-4-4-4-4-4--1
FUWRWRNRRNRDHEFEOWUM SWWW R AR R R R P O 00~y

0900
0900
0900
0900
0900
1600
0900
0900
0900
0900
1700
1700
0930
1700
1700
1600

1600

1600
1600

- 0830

1000

900.

1830
1600
300
900
900
1700
1330

0.
24,
48,
72.

144,
223,
336.
360.
384.
408.
488.
512.
528,
560.
584,
655.
679.
703,
727.
887.
913.
984,
1065.
1087,
1200.
1224,
1248,
1328,
1348.

VOoOOoOOOOoOULOOUNOOOOOOUVODOODODODO0ODO0O0OOOD

75.8
8l.6
83.3
76.3
83.8
76.4

- 75.8

70.6
70.6
70.8

71.0
73.2
77.6
78.4
78.4
77.0
75.4
77.4
67.9

71.1
75.8
75.1
74.9
78.0
75.8

385.6
385.6
385.2
385.2
384.8
385.6
385.6
385.4
385.4
385.4
385.2
385.2
385.0
385.0
385.2
385.2
385.0
385.0
384.6
384.6
384.0
383.8
383.8
383.8
383.8
384.0
383.8
383.8

o0
OO0 0

1
(=]
VOV ONROOPRTENTNMELESNNNN

© 385.6

Begin Test

}No temp. indicator

End Test

Contract 05000

Page Mo.: El&_




1FR Deck Fitting Emission Data Sheet
gcale No.: 4 o Sheet No.: 1

_ . e
Test MNo.:

Test Description: Phage 1 Columm Well , Ungasketed

r
Date Time 1 Elapsed Temp. 1 Veight Veight

Time Change Notes
(hrs.) (°F) (1bm) (1bm) ®

7-24-81 . 0 . Begin Test
7-27 1700 80.0 - .
7-28 1700 104.0 - 417.5 5
7-29 0930 120.5 - 417.5 -2.5
7-30 1700 152.0 71.5 416.5 -3.5
7-31 1700 176.0 74.2 415.5 4.5
8-3 1600 247.0 77.7 413.8 -6.5
8-4 1600 271.0 78.5 | 413.5 -6.5
8-5 1600 295.0 78.1 412.0 -8.0
8-6 1600 319.0 77.0 412.0 -8.0
g-13 0830 479.5 74.9 408.5 -11.5
g-14 1000 505.0 77.0 408.0 -12.0
8-17 900 576.0 65.5 406.90 -14.0
g8-20 1830 657.5 - ~ 405.0 -15.0
8-21 1600 679.0 71.6 405.0 -15.0
8-26 900 792.0 75.3 402.0 -18.0
g-27 - 900" 816.0 74.3 401.5 -18.5
8-28 900 840.0 74.1 401.0 -19.0
8-31 1700 920.0 78.4 199.5 -20.5
9-1 1330 940.5 75.4 399.0 -21.0
9-2 1500 966.90 72.2 399.0 -21.0 End Test

Contract nsn00 _ Pape Mo.




* IFR Deck Fitting Fmission Data Sheet

Scale No.: 5 Sheet No,: 1
Test Mo.: 8
Test Description: %" Gap Around Built-Up Column
Date Time Elapsed| Temp. | Weight | Weight
Time Change Notes
(hrs.) (°F) (1lbm) (1bm)
7-24-81 ) 0900 0.0 70.6 480.0 0.0 Begin Test
7-27 1700 80.0 - 478.5 -1.5
7-28 1700 104.0 - 478.5 -1.5
7-29 0930 120.5 - 478.5 -1.5
7-30 1700 152.0 71.2 477.5 -2.5
7-31 1700 176.0 73.8 476.5 -3.5
8-3 1600 247.0 77.8 475.0 -5.0
8-4 1600 271.0 78.6 474.5 -5.5
8-5 1600 295.0 78.4 474.5 =5.5
8-6 1600 319.0 77.1 473.5 -6.5
8-13 0830 479.5 74.9 469.0 | -11.0
8-14 1000 505.0 77.0 468.5 | -11.5
8-17 0900 576.0 65.6 466.0 | -14.0
8-20 1830 657.5 - 464.0 | -16.0
§-21 1600 679.0 71.4 464.0 | -16.0
8-26 900 792.0 75.3 460.0 | -20.
8§-27 900" 816.0 74.4 459.5 | -20.5
8-28 900 840.0 74.1 459.0 { -21.0
8§-31 1700 920.0 78.4 457.5 | =-22.5
9-1 1330 940.5 75.4 457.5 | -22.5
9-2 1500 966.0 71.9 455.5 | -24.5
9-2 2330 974.5 72.1 455.5 | -24.5
9-3 1430 989.5 - 454.5 Y -25.5
9-3 2330 998.5 66.3 454.5 | -25.5
9-4 930 1008.5 69,2 454.5 } -25.5
9-5 1130 1034.5 68.3 454.5 | -25.5
%-6 1130 1058.5 66.4 454.0 1 -26.0
9-7 1130 1082.5 68.9 454.0 | -26.0
9-8 1600 1111.0 68.2 452,53 | -27.5
9-9 1600 1135.0 67.2 451.5 | -28.5 End Test
i
{

Contract 05000 Pape No.: El3




1FR Deck Fitcing Fmission pata Sheet

Scale Mo.: 1 : Sheet No.: 1

f

Test o.: 9A

f

Test Description: 33§se 1 Columm Vell, gasketed

Date Time Elapsed TemD. Veight Weight
Time Change Notes
(hrs.) (°F) (1bm) (1bm)

—_— B — - —— =

9-2-81 2310 - 72.5 - - product gample
taken

9-2 2330 0.0 72.5 £51.0 0.0 Begin Test

9-3 930 10.0 69.9 450.8 -0.2

9-3 1430 15.0 - 450.8 -0.2

9-3 2330 24.0 66.8 450.6 -0.4

Q-4 930 34.0 70.5 450.4 -0.6

9-4 1600 60.5 71.1 450.2 -0.8

Q-4 2330 48.0 72.1 450.0 -1.0

9-5 1130 60.0 69 .4 450.0 -1.0

9-6 1130 84.0 67.7 449.6 -1.4

9-7 1130 108.0 69.6 449.6 -1.4

9-3 1600 136.5 68.7 449 .0 -2.0

9-8 2330 144 .0 67.5 448 .8 -2.2

9-9 1600 160.5 67.4 448 .8 -2.2

9-9 2300 167.5 70.0 448 .6 -2.4

9-10 1300 181.5 70.0 448 .8 -2.2

9-10 1700 185.5 72.0 448 .8 -2.2

9-10 2130 190.0 70.9 4L48.8 -2.2 gnd Test .
product gample
Taken

Contract 05000 Pape ¥




Q
o IFR Deck Fitting Fmission Data Sheet
Scale No.: 1 . Sheet No.: 1

Test No.: 9B
Test Description: Phase 1 Column Well, Ungasketed

Date Time Elapsed| Temp. | Weight | Weight
Time Change Notes
(hrs.) (°F) (1bm) (1bm)

| | ,

9/24/31} 1720 Product Sample Taken

9/24 1730 0.0 68.6 450.0 0 Begin test
19/24 1900 1.5 67.6 449.7 -0.3

9/24, 2100 3.5 65.8 - -

9/25 0300 9.5 - 449.5 -0.5

9/25 0700 13.5 - 449.3 -0.7

9/25 1100 17.5 - 449.5 -0.5

9/25 1500 21.5 74,3 449.1 -0.9

9/25 1920 26.0 71.4 449.1 -0.9

9/25 2315 29.75 69.2 449.1 -0.9

9/26 0600 36.5 64.2 449.3 -0.7

9/26 1000 40.5 75.8 448.9 -1.1

9/26 1400 44,5 73.5 448.6 -1.4

9/26 1800 - 48.5 72.9 448.6 -1.4

9/28 1100 89.5 63.0 446.2 -3.8

9/28 2230 101.0 64.4 446.0 -4.0 End test

Product Sample Taken

Contract 05000 " Page MNo.: E15




1FR Deck Ficting Foission Data Sheet
Scale No.: _2 : o Sheet No.: _1

T ——————————— e ———

Test No.: 10
Test Description: Phase 2 Column Well

Date Time Elapsed| Temp. Weight | Weipht

Time Change Notes
'(hrs.) (°F) (1bm) (lbmg

9-2-81 2320 . ' Product Sample
Taken. '
9-9 2330 0.0 72.7 | 125.6 0.0 | Begin Test
9-3 830 9.0 69.8 | 125.4 -0.2
9-3 1430 15.0 - 125.4 | -0.2
9-3 2330 24.0 66.8 | 125.4 -0.2
a-4 930 34,0 70.4 | 125.2 | -0.4
9-4 1600 0.5 71.0 | 125.2 | -0.4
9-4 2330 48.0 72.0 | 125.0 |} ~-0.6
9.5 1130 60.0 69.3 | 125.0 | -0.6
9-6 1130 84,0 67.6 | 124.8 -0.8
9-7 1130 }108.0 69.4 | 124.8 | -0.8
9-8 1600 | 136.5 68.6 | 124.4 -1.2
9-8 2330 | 144.0 67.5 | 126.2 | -1.4
9-9 1600 | 160.5 £7.2 | 124.2 | -l.4
9-9 2300 |167.5 69.6 | 126.2 | ~-l.b
9-10 1700 . {185.5 1.6 | 126.6 | -1.2
R |k |k | | ) O e
- 6.0 70.4 - - ucy §ample Taken
9-10 1735 | 186.1 7004 | 122.8 | -1l.2 o855
9-11 1430 207.0 7272 | 123.0 | -1.0
9-14 1100 275.5 74,2 | 122.8 | -1.2
9-15 2100 |309.5 639 | 121.8 | -2.2
9-17 1730 |354.0 60.7 | 121.6 | ~-2.4
9-18 .1630 | 377.0 s9.3 | 121.4 | -2.6
9-22 1800 | 474.5 63.0 | 121.2 | -2.8
9-23 1500 | 495.5 s6.9 | 121.0 | -3.0
9-24 1530 520.0 52.3 | 121.4 -2.6 | End Test
- Product Sample
Taken.

Centract 05000 Page No.:




IFR Deck Fitting Emission Data Sheet

Seale No,: 3 : Sheet No.: 1

Test YMo.: 11
Test Description: Phase 3 Columm Well, 30 in Dia. Test Drum

Date Time Elapsed| Temp. Veight | Weight
Time Change Notes
(hrs.) (°F) (1bm) (1bm)

— ]

9-.3-81 1430 - - - - roduct Sample
Taken

9-3 1430 0.0 - 845.0 0.0 Begin Test

9-3 2330 9.0 67.0 845.8 0.0

9-4 930 19.0 71.0 845.4 -0.4

9-4 1600 25.5 71.90 845.4 -0.4

9-4 2330 33.0 71.7 845.2 -0.6

9-5 1130 45.0 70.1 845.2 -0.6

9-6 1130 69.0 638.4 845.0 -0.8

Q.7 1130 93.0 69.6 844.8 -1.0

9-8 1600 121.5 68.8 844.4 -1.4

9.8 2330 129.0 67.6 844 .2 -1.6

9-9 1600 145.0 67.4 844.2 -1.6

9-9 2300 152.0 69.3 844.2 -1.6

9-10 1300 166.5 69.4 844.2 -1.6

9-10 1700 170.5 70.9 844.4 -1.4

9-11 1430 192.0 71.9 844.2 -1.6

9-11 1430 192.0 71.9 - - Product Sample Taken

9-11 1435 192.1 71.9 842.4 -1.6 {(1.8 1lbs)

9-14 1100 260.5 74.4 842.2 -1.8

9-15 2100 294.5 69.4 841.2 -2.8

8-17 1730 339.0 6l1.2 840.8 -3.2

9-18 1630 362.0 59.3 840.6 -3.4

9.22 1800 459.5 63.2 840.0 -4.0

9-23 1500 480.5 . 57.6 | 839.8 -4.2 End Test
Product Sample
Taken

Contract 05000 . Pape No.: El7




IFR Deck Ficting Fmission

S

e E———

e ————————

1/8" Gap Around Built-Up

Data Sheet

Sheet No.: 1

Colum

Scale No.: No.

Test MNo.:

Test Description:
Date Time
9-9-81 2300
9-10 1700
9-11 1430
9-14 1100
9-15 2100
9-17 1700
9-18 1630
9-22 1800
9-24 1500
9-25 1920
9-26 1800
9-28 1100
9-28 2230
9-28 1645
9-30 1645
10-02 2300
10-05 0900
10-05 2300
10-06 0900
10-07 0900
10-08 0900
10-09 1000
10-12 1030
10-13 1600
10-14 1630
10-15 1615
10-19 1130
10-20 1730
10-21 2100
10-27 0900
10-28 1600
10-30 1500
11-2 1400

Elapsed
Time
(hrs.)

TemD.

(°F)

72.6
72.6
74.2
70.3
59.0
58.2
62.5
63.0
72.0
73.3
60.8
63.4
62.9
67.1
52.3
59.2
71.2
65.2
51.0
49.3
50.4
54.6
60.8
63.4
62.3
46.2
55.4
53.5
60.8
67.0
71.1
77.8

(1bm)

eight

Weight
Change
(1lbm)

Notes

|
1

Begin test

End test

Contract nsooo

Pape MNo.:




= IFR Deck Fitting Emission Data Sheet

Scale No.: 4 Sheet No.: L

Test No.: 13
Test Description: Access Hatch Cover With 1/8 in Gap

Date Time Elapsed| Temp. Height Weighﬁ
Time Change Notes
(hrs.) (°F) (1bm) {1bm)

;
F=l=====m==—ﬂ=__==——_4

‘| Begin Test

9-24-81 | 1830 0.0 - 310.5 0.0
9-25 1920 25.0 7L.9 310.0 -0.5
9-26 1800 47.5 73.2 309.5 -1.0
9-28- 1100 88.5 6l.2 308.5 -2.0
9-28 1645 94.3 63.2 308.0 -2.5
9-30 . 1645 142.3 67.2 308.0 -2.5
10-1 1830 168.0 68.2 - -
10-02 2300 196.5 52.9 306.0 4.5
10-05 0900 254.5 59.2 304.5 -6.0
10-05 2300 268.5 71.4 304.0 -6.5
10-06 0900 278.5 65.2 304.0 -6.5
10-07 0900 302.5 51.4 303.0 -7.5
10-08 0900 326.5 49.9 302.5 -8.0
10-09 1000 351.5 50.6 302.5 -8.0
10-12 1030 424.0 54.7 302.0 -8.5
10-13 1600 453.5 61.2 300.5 -10.0
10-14 1630 478.0 63.4 300.0 -10.5
10-15 1615 501.8 62.4 299.5 -11.0
10-19 1130 593.0 46.4 798.0 -12.5
10-20 1730 623.0 36.0 297.0 -13.5
10-21 2100 650.5 53.6 297.0 -13.5
10-27 0900 782.5 | 60.9 294.5 ~16.0
10-28 1600 813.5 67.4 293.5 -17.0
10-30 1500 860.5 71.4 . 293.0 -17.5
11-2 1400 931.5 78.5 290.5 ~20.0 |}End of Test

Contract 05000 ' Page Mo.: E19
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LFR Deck Fitting mission Data Sheet

gcale No.: gheet No.: 1

Test MNo.:
Test P

3!

gample Y 11 With 10% G A
escription: mple Well *= ap Area -

10-6-81 .
10-7 0900 23.5
10-8 0900 47.5 51.4 186.6
10-9 1000 72.5 52.2 386.8
10-12 1030 145.0 56.0 186.6
10-13 1600 174.5 62.4 386.8
10-14 1630 199.0 | 63.9 386 .6
10-153 223.0 63.4 386.8
10-19 315.0 | - 48 .4 385.6
10=-20 345.0 57.9 386.0
10-21 373.5 54.8 385.8
10-27 405.5 62.4 385.4
10-28 436.5 69.8 385.2
10-30 483.5 72.8 385.0
11-2 552.5 g0.8 | -
11-2 554.5 80.9 384.6
11-3 580.0 77.7 384.4
11-5 624.0 77.8 384.0
11-6 646.0 71.0 383.6
11-10 750.5 67.7 382.8
11-11 773.0 67.9 382.8
11-13 821.0 - 382.6
11-16 882.5- 70.9 382.4
11-17 911.5 - 68.9 382.2
11-19 961.5 71.9 392.0 End Test
contract nsnoC pape MO.




IFR Deck Fitting Fmission Data Sheet

Scale No.: 2 Sheet No,: 1

Test No.: 15
Test Descriptionm: 1/8" Gap Around Built-Up Column, 30 in dia. Test Drum

Date Time Elapsed] Temo. Veight | Weight
Time Change Notes
(hrs.) (°F) (1bm) {1bm)

| |

9-25-81f 2330 0 65%.4 778.4 0.0 Begin test
9-26 1800 18.5 73.9 778.2 -0.2
9-28 1100 59.5 63.0 776.8 -1.6
9-28 2230 71.0 64.3 776.6 -1.8
9-.28 1645 65.3 65.0 776.8 -1.6
9-30 16845 113.3 69.6 777.4 -1.0
10-1 0800 128.5 - 776.8 -1.6
10-1 1830 139.0 68.3 - -
10-2 2300 167.5 54.2 775.0 -3.4%
1n0-5 Nano 225.5 59.3 775.4 -3.0
10-5 2300 239.5 72.6 775.8 -2.6
10-6 0900 249.5 64.7 775.2 -3.2
10-7 0900 273.5 52.8 774.2 -4,2
10-8 0900 297.5 51.8 774.0 =4.4
10-9 1000 322.5 52.6 774.0 4.4
10-12 1030 395.0 56.3 773.8 -4.6
10-13 1600 424.5 £3.0 773.6 -4.8
10-14 1630 449.0 63.5 773.6 -4.8
10-15 1630 473.0 63.4 773.6 -4.8
10-19 1130 564.90 49.2 771.0 -7.4
10-20 1730 594.0 58.2 771.6 -6.8
10-21 2100 621.5 54.4 771.0 -7.4
10-27 0900 753.5 6l.2 770.0 -8.4
10-28 1600 784.5 69.8 770.0 -8.4
10-30 1500 831.5 72.0 769.0 -9.4
7 768.6 -9.8 ,]End test

11-2 1400 902.5 79.

Contract 03000 - Pape No.: B2l




Scale No.:
Test No.:

Test Description:

=
16

Permeability Data Sheet

Sheet No.:

Permeability of 0.020 in Thick Fabric

1

i ————

Date Time

Elapsed
Time
{hrs.)

Temp.

(°F)

Ueight
(1bm)

Veirht
Change
(1bm)

Notes

10-5-811 2230 - - - - Sample taken

10-5 2300 0 73.6 364.6 0.0 | Begin test

10-6 900 10.0 63.6 364.4 -0.2

10-6 1630 17.5 65.1 364.2 -0.4

10-7 0900 34.0 50.5 363.8 -0.8

10-8 0900 58.0 51.0 363.8 -0.8

16-9 1000 83.0 53.6 363.8 -0.8

10-12 1030 155.5 57.4 363.8 -0.8

10-13 1600 185.0 65.0 363.8 -H.8

10-14 1630 209.5 64.0 363.8 -0.8

10-15 1630 233.5 64.0 364.0 -0.6

10-19 1130 324.5 48.3 363.2 -1.4

10-20 1730 354.5 60.8 363.4 -1.2 ,

10-21 2100 382.0 53.4 363.2 -1.4 {End test
Sample taken

Contract 05000 Page Yo.: lEEE




Scale

Mo, :

Test MNo.:

Test Description:

Permeability Data Sheet

areet No.:

Permeability of 0.037 in. Thick Fabric

Date

11-23
11-24
11-25
11-30
12-1
12-2
12-3
12-4
12-7
12-9
12-10
12-11
12-14
12-15
12-16
12-21

Time

0800
0800
1100
1645
1600
0900
0800
0930
1000
1300
1630
1630
1730
1300
0900
0900

Elapsed
Time
(hrs.)

0.0 62.4 . .0
66.0 56.6 541.6 -0.6
90.0 64.0 541.6 -0.6

117.0 64.0 541.4 -0.8
243.0 - 540.4 ~-1.8
266.0 - 540.4 -1.8
283.0 66.0 540.2 -2.0
30€.0 62.8 540.0 ~2.2
331.5 59.8 540.0 -2.2
404 .0 67.0 539.6 -2.6
455.0 58.6 539.0 -3.2
482.5 56.6 538.8 -3.4
506.5 57.0 538.6 -3.6
579.5 63.1 538.4 -3.8
599.0 55.3 538.0 =4.2
619.0 53.9 537.8 =4.4
739.0 - 537.6 <4.6

Temp.

(°F)

Veight
(1bm)

Veight
Change
(1lbm)

Notes

11-20-8} 1400 542.2 0

Begin test

End test

Contract 05000
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permeability pata Sheet
geale No.: 3 Sheet No.: 1

f

Test No.: 18

____-—-'-

Test pescription: Permeability of 0.037 in. Thick Fabric _

Time Elapsed TewD.
Time Hotes
(hrs.)

0 0
0 0
11-24 | 0800 0 0
11.25 | 1100 117.0 . 0
11.30 | 1645 243.0 2o 1 | u18.8 0
12-1 1600 266.0 22’5 | 419.0 +0.2
12-2 0900 283.0 260 | u518.8 0.0
153 - | 0800 306. 0 5.9 | 418.8 0.0
12-4 0930 331.5 25,9 | 418.8 0.0
‘12-7 1000 404.0 6.9 | 419.0 +0.2
12-9 1300 455.0 285 | 418.6 20.2
13.10 | 1630 482.5 2677 | 418.6 0.2
\12-11 1700 506.5 2770 | 418.8 -0.2
13.16 | 1730 \ 579.5 2371 | 418.8 6.0
13-15 | 1300 599.0 2373 | s18.4 0.4
17-16 | 0900 619.0 2379 | 418.2 ~0.6
13.21 | 0900 \ 2390 | .52.0 618% | -0.s |End cest
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Scale No,:
Test MNo.:

Test Description:P

Permeability Data Sheet

1

19 :
ermeability of 0.020 in. Thick Fabric

Sheet No.:

Date

Time

2100
2100
1330
0930
2115
1140
1120

945
1000
1700
1700
1600
1100
0830
1200
0900

Elapsed
‘Time
(hrs.)

16.5
36.5
48.5
63.0
87.0
109.5
133.5
164.5
188.5
211.5
230.5
252.0
280.5
301.5

Temp.

(°F)

52.2
52.2
55.2
52.0
52.9
54.0
56.9
57.0
58.5

51.7
56.8
50.1
52.4
57.9
47.9

Teight
{lbm)

411.6
410.4
409.8
409.6
409.6
409,.6
409.6
409.6
409.6
409.2
409.2
409.h
409.2
409.2
409.4
409.4

Weight
Chanpe
{1lbm)

L]

DN EPENNDOOBNONOD

Notes

] | R —l e ==_=_=% |

Sample taken
Begin test

End test

Contract 05000
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Permeability pata Sheet

gcale No.: 2 Sheet No.: 1
Test MNo.: __gg____
rest Description: permeability of 0020 in. Thick Fabric e
pate Time Elapsed TemD . Vleight Heisht \
Time Change Notes '

(hrs.) (°F) (lbm) (1bm)

i

12-22-8 2100 - 47.8 430.6 - Sample taken
12-22 2100 0 47.%8 429.9 0.0 Begin test
12-23 1300 16.0 - 428.6 -0.4

12-24 0930 36.0 45.5 428.6 -0.4

12-24 2115 48.0 45.6 428.4 -0.6

12-25 1140 62.5 49.8 428.4 -0.6

12-26 1130 86.5 52.3 428.4 -0.6

12-28 1000 133.0 52.9 428.2 -0.8

12-29 1700 164.0 - 427.6 -1.4

12-30 1700 188.0 46.3 427.8 -1.2

12-31 1600 211.0 52.3 428.2 . -0.8

1-1 1100 230.0 43.9 427.6 -1.4

1-2 0830 251.5 46.5 427.6 -1.4

1-3 1200 280.0 54.1 428.0 -1.0

1-4 n9 00 301.0 40.3 1.0 End test

428.0 -

e
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Permeability Data Sheet

Sheet No.: __1_

Test Description: Permeabiliey of 0.020 in Thick Fabric, With Aluminum

Scale No,:. 3
Test Mo.: 21
Thisie
Date Time Elapséd
4 Time
(hrs.)

Temp.

(°F)

eight
(1lbm)

Weipht
Change
{(1bm)

Notes

12-22-81( 2130 - 49.6 424.8 - Sample taken
12-22 2130 0 49.6 423.6 0.0 Begin test
12-23 1300 16.0 - 423.2 -0.4

2-24 0930 36.0 48.4 423.2 -0.4

2-24 2115 48.0 49.0 423.2 -0.4

2-25 1140 62.5 51.6 423,2 -0.4

2-26 1120 86.5 54.7 423,2 -0.4

2-27 945 109.0 54.4 423.2 -N.4

2-28 1000 133.0 54.3 423.2 -0.4

2-29 1700 164.0 - 422.6 -1.0

2-30 1700 188.0 49.2 422.8 -0.8

2-31 1600 211.0 55.1 423.0 -0.6

-1-82 1100 230.0 46.8 422.6 -1.0

-2 0830 251.5 50.0 422.6 -1.0

-3 1200 280.0 54.0 422.8 -0.8

-4 0400 301.0 46.5 422.6 -1.0 End test
Contract 05000 Pape No.: E27




PERMEABILITY DATA SHEET

gcale NoO.: -1 : . : Sheet No.: 1
Test MO.: _____2__2____ A
Test pescription: _I_’irmeability of 0.020 in. Thick Fabric

Date Time Elapsed| TemP- Height Weirht |

Time Change Notes
(hrs.) (°F) (1bm) (1bm)

1-29-82 | 1600 - - - - gample Taken

2-1 1530 0.0 39.4 £17.0 0.0 | Begin Test '

2-3 1700 49.5 52.1 416.6 20.4
_____._—-—"—__-—-——-— s ep— i
2-4 1430 71.0 16.1 416.4 -0.6

2-5 1700 97.5 - 416.54 -0.6

2-6 1100 115.5 24.7 516.4 -0.6

2-8 1400 166.5 36.9 416.2 -0.8

f 4__—"——_
2-10 1630 217.0 36.2 416.2 -0.8
______-——-"'___.--—-—'f e - e
2-11 0830. 233.0 15.9 416.2 | - -0-8

2-15 0930 130.0 50.9 416.6 -0.4

2-16 0930 . 154.0 - 416.6 -0.4

2-18 1700 409.5 51.4 416.5 0.6

2-22 1730 506.0 |- 54.8 416.2 -0.8

9-24 1030 547.0 16.8 | 415-8 21.2

2-25 1630 577.0 45.5 415.8 | - -1

3-1 1130 668.0 54,1 £15.8 -1.2

3-3 1500 719.3 T 50.1 | 4154 1.6 | End Test

\ 1 |

Contract 05000 | | Pape ¢




Scale No.:
Test No.:

Test Description: Permeability of Taped Joints in Sheet Aluminum

PERMEABILITY DATA SHEET

3
23

Sheetr No.:

—1 .

Date Time Elapsed| Temp. Vleight | Weight
(§§§?) (°F) (1bm) f?ggge Notes
1-24- 82 1600 - - - Sample Taken 1
2-1 1530 0.0 40.2 435.2 | 0.0 Begin Test
2-3 1700 49.5 426 435.4 | +0.2
2-4 1430 71.0 37.8 535.0 | -0.2
2-5 1700 97.5 - 435.0 | -0.2
7-6 1100 | 115.5 24.4 434.4 | +0.2
2-8 1400 { 166.5 36.3 435.0 | -0.2
2-10 1630 | 217.0 37.8 434.8 | -0.4
2-11 0830 | 233.0 37.0 434.8. | -0.4
2-15 0930 330.0 52.8 435.4 | +0.2
2-16 0930 | 354.0 . 435.6 | +0.4
2-18 1700 | 409.5 53.4 435.6 | +0.4
2-22 1730 | 506.0 56.2 435.6 | +0.4
2-24 1030 | 547.0 47.1 435.0 | -0.2
2-25 1630 |577.0 47.3 435.2 | 0.0
3-1 1130 | 668.0 55.4 435.2 | 0.0
3-3 1500 | 719.5 49.8 435.0 | -0.2 End Test

Contract 05000

Pape No.: E29




Figures E1 thru E13 - IFR Deck Fitting Emission Tests
Figures E14 thru E16 - Bench Scale Permeability Tests
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E32
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—_l E33
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FIGURE E3
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Table F1 Laboratory Evaporation Test Data, Series 1

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
1 0 234 .53 0 0 n-Pentane,
5 231.12 3.41 0.682 Type I
12 226.33 8.20 0.684
19 - 221.50 13.03 0.686
26 216.52 18.01 0.694  Final
2 0 238,58 0 0 n-Pentane,
5 235.58 3.00 0.600 Type I
12 231.29 7.29 0.607 '
19 226.87 11.71 0.617
26 222:43 16.15 0.622 Final
3 0 236.73 0 0 n-Pentane,
5 233.65 3.08 0.617 Type 1
12 229.32 7.61 0.617
19 224.80 - 11,93 0.629
26 220.32 16.41 0.631 Final
4 n v 244 .09 0 0 n-Pentane,
s " 240.78 3.31 0.662 Tyve I
12 . 236,07 8.02 0.667
.19 231.24 12.85 0.677
26 226.38 17.71 0.682 Final
5 0 242.77 0 0 n-Pentane,
5 239.67 3.10 0.619 Type 1
12 235.32 7.45 0.622 '
19 230.76 - 12.01 0.631

26 226.16 16.61 0.641 Final
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Table F1 Laboratory Evaporation Test Daca, Series 1

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days ) (gm) . (gm) (gm/day)
6 0 229.39 0 0 n-Hexane,
5 228.53 0.860 0.172 Type I
12 227.28 2.11 0.176
19 226.00 3.39 0.178
26 224.72 4.67 0.180 Final
7 0 243.80 0 0 n-Hexane,
5 242,95 0.850 0.170 Type I
12 241.72 2.08 0.173
19 240.44 3.36 0.177
26 239.17 4.63 0.178 Final
8 0 242.95 0 0 n-Hexane,
5 242.08 0.870 0.174 Type I
12 240.85 2.10 0.175
19 239.58 3.37 0.177
26 238.32 4.63 0.178 Final
9 0 Y. 240.69 0 0 n-Hexane,
5 239.93 0.76 0.152 Type 1
12 238.77 1.92 0.160
‘19 237.58 3.11 0.164
26 236.37 4.32 0.166 Final
10 0 239.26 0 0 n-Hexane,
5 238.40 0.860 0.172 Type I
12 237.18 2.08 0.173
19 235.89 3.37 0.177
26 234 .60 4.66 0.179 Final




Table F1 Laboratory Evaporation Test Data, Series 1

Flask Test Weight Weight Loss Notes
No. Duration , Change Rate
(Days ) (gm) (gm) (gm/day)
11 0 2643.51 0 0 n-Heptane,
5 243.34 6.170 0.034 Type 1
12 243,04 0.470 0.039
19 242,68 0.830 0.044
26 242.30 1.21 0.046 Final
12 0 246.54 0 0 n-Heptane,
5 246.37 0.170 0.034 Tyve I
12 246.07 0.479 0.039
19 245.74 0.800 0.042
26 245.40 1.16 0.044 Final
13 0 266.31 ] 0 n-~Heptane,
5 266.15 0.160 6.032 Type I
12 245.86 0.450 0.037
19 245.53 0.780 0.041
26 245.18 1.13 0.0643 Final
14 0 Y 267.14 0 0 n-Heptane,
5 246.98 0.160 0.032 Type 1
12 246.70 0.440 0.037
19 246.39 0.750 0,039
26 . 246.06 1.08 0.042 Final
15 0 247.55 0 0 n-Heptane,
5 247.39 0.160 0.032 Type 1
12 247.12 0.430 0.036
19" 246.79 0.760 0.040
26 246.50 1.05 0.040 Final




Table F1 Laboratory Evaporation Test Data, Series 1

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
15 0 247 .26 0 0 n-Octane,
5 246.24 0.020 0.004 Type 1
12 247.15 0.110 0.009
19 247.02 0.240 0.013
26 246.91 0.350 0.013 Final
17 0 247.08 .0 0 n-Octane,
5 247.07 0.010 0.002 Type 1
12 246.99 0.090 0.008 -
19 246.88 0.200 0.011
26 246.78 0.300 0.012 Final
18 0 245.76 0 0 n-Octane,
5 245.73 0.030 0.006 Type I
12 245.66 0.100 0.008 ’
19 245,55 0.210 0.011
26 245,43 0.330 0.013 Final
19 0 .  248.26 0 0 n-Octane,
5 248.24 0.020 0.004 Type 1
12 248.17 0.090 0.008
19 248,07 0.190 0.010
26 247.97 0.290 0.011 Final
20 0 247 .43 0 0 n-Octane,
5 247.41 0.020 0.004 Type I
12 247.34 0.090 0.008
19 247.23 0.200 0.011
26 247.14 0.290 0.011 Final
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Table F1 Laboratory Evaporation Test Data; Series 1

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
21 0 244 .15 n 0 i-Octane,
5 243.92 0.230 0.046 Type 1
12 243.55 0.600 0.050
19 243.15 1.00 0.053
26 242.79 1.36 0.052 Final
22 0 241.54 0 0 i-Octane,
5 241.33 0.210 0.042 Type 1
12 240.95 0.590 0.049
19 240.57 0.970 0.051 -
26 240.19 1.35 0.052 . Final
23 0 247.21 0 0 1-Octane,
5 247.02 0.190 0.038 Type I
12 246.69 0.520 0.043
19 266.35 0.860 0.045
26 .,  246.01 - 1.20. 0.046 Final .
24 0 247.95 0 ) i-Octane,
5 247.77 0.180 0.036 Type I
‘12 247 .45 0.500 0.042
19 247.10 0.850 0.045
26 246.77 1.18 0.045 Final
25 0 247.15 0 0 i-Octane,
5 246.95 0.200 0.040 Type I
12 246.63 0.520 0.043
19 246,30 0.850 0.045
26 245.97 1.18 0.045 Final




Table F1 Llaboratory Evaporation Test Data, Series 1

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
26 0 275.66 0 0 Benzene,
5 275.20 0.460 0.092 Type 1
12 273.96 1.70 0.142
19 272.45 3.21 0.169
26 270.75 4.91 0.189 Final
27 0 274.23 0 0 Benzene,
5 '273.81 0.420 0.084 Type 1
12 272.62 1.61 0.134
19 271.18 3.05 0.161
26 269.59 4.64 0.179 Final
28 0 270.09 0 0 Benzene,
5 269.71 0.380 0.076 Type I
12 268.55 1.54 0.128
19 266.99 3.10 0.163
26 V. 265.15 4.9 0.190 Final
29 0 269.68 0 0 Benzene,
5 269.28 0.400 0.080 Type 1
12 268.17 1.51 0.126
19 266.69 2.99 0.157
26 264 .96 4.72 0.181 Final
30 0 267.41 0 0 Benzene,
5 267.00 0.410 0.082 Type 1
12 265.87 1.54 0.128
19 264.42 2.99 0.157
26 262.68 4.73 0.182 Final
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Table F2 Laboratory Evaporaticn Test Data, Series 2

Flask Test Weight Weight Loss Notes
No. Duraticn Change Rate
(Days ) (gm) (gm) (gm/day)
1l 0 216.27 0 0 . n-Pentane,
7 216.15 0.120 0.017 Type II
14 215.95 0.320 0.023
21 215.69 0.580 0.028
28 215.42 0.850 0.030 Final
2 0 222.20 0 0 n-Pentane,
7 222.14 0.060 0.009 Type 11
14 222.02 0.180 0.013
21 221.84 0.360 0.017
28 221,62 0.580 0.021 Final
3 0 220.08 0 0 n-Pentane,
7 219.94 0.140 0.020 Type 11
14 219.78 0.300 0.021
21 219.57 0.510 0.024
28 219.34 0.740 0.026 Final
& 0 - .226.16 ) 0 n-Pentane,
7 226,05 0.110 0.016 Type Il
14 225,89 0.270 0.019
21 225.67 0.490 0.023
28 225.43 0.730 0.026 Final
5 0 225.90 0 0 n-Pentane,
7 225.78 0.120 0.017 Type 1I
14 225.59 0.310 0.022
21 225.35 0.550 0.026
28 225.06 0.840 0.030 Final
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Table F2 Laboratory Evaporation Test Data, Series 2

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
6 0 224.56 0 0 n-Hexane
7 224.51 0.050 0.007 Type 11
14 224, b4 0.120 0.009
21 224.34 0.220 0.011
28 224,21 0.350 0.013 Final
7 0 239.00 0 0 n~Hexane,
7 238.95 0.050 0.007 Type 11
14 238.91 0.090 0.006
21 238.81 0.190 0.009
28 238.68 - 0.320 0.011 Final
8 0 238.16 0 0 n-Hexane,
7 238.11 0.050 0.007 Type 11
14 238.04 0.120 0.009
21 237.93 0.230 0.011
28 ¥ 237.78 - 0.380 0.014 Final
9 0 236.19 0 0 n-Hexane,
7 236.13 0.060 0.009 Type II
14 236.05 0.140 0.010
21 235.93 0.260 0.012
28 235.78 0.410 0.015 Final
10 0 234.43 0 0 n-Hexane,
7 234.31 0.120 0.017 Type II
14 234,19 0.240 0.017
21 234 .04 0.390 0.019
28 233.88 0.550 0.020 Final




Table F2 Laboratory Evaporation Test Data, Series 2

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
16 0 246.74 0 Q n-Octane,
‘ 7 246.71 0.030 0.004 Type I1
14 246.68 0.060 0.004
21 246.62 0.120 0.006
28 246.55 0.190 0.007 - Final
17 0 246.62 0 0 n-Octane,
7 246.57 0.050 0.007 Type I1
14 246.54 0.080 - 0.006 '
21 246,646 0.160 0.008
28 246.39 0.230 0.008 Final
18 0 245.27 0 - 0 n-Octane,
7 245.23 0.040 0.006 Type 1I
14 245,23 0.040 0.003
21 245,19 D.080 0.004
28 245.12 0.150 0.005 Final
19 0 247.80 . 0 0 n-Octane,
7 247.78 0.020 0.093 Type II
14 247.78 0.020 0.001
21 247.75 0.050 0.002
28 2647.69 0.110 0.004 Final
20 0 246.99 0 0 n-0ctane,
' 7 246.97 . 0.020 0.003 Type II
14 266.97 . 0.020 0.001 '
21 246.95 0.040 0.002
28 246 .90 0.090 0.003 Final
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Table F2 Laboratory Evaporation Test Data, Series 2

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days ) (gm) (gm) (gm/day)
26 0 270.57 0 0 Benzene, .
7 269.54 1.03 0.147 Type II
14 268. 29 2.28 0.163
21 266.83 3.74 0.178
28 265.30 5.27 . 0.188 . Final
27 0 269.43 0 0 Benzene,
7 268.48 0.950 0.136 Type 11
14 267.24 2.19 0.156
21 265.79 3.64 0.173
28 . 264.27 5.16 0.184 Final
28 0 264 .98 0 0 Benzene,
7 263.68 1.30 0.186 Type 11
14 262.15- 2.83 0.202
21 260,48 4.50 0.214
28 ~.  258.75 6.23 0.223 Final
29 0 264.78 0 0 Benzene,
7 263.56 1.22 0.174 Type 11
14 262.16 2.62 0.187
21 260,70 4.08 0.194
28 259.19 5.59 0.200 Final
3 0 262.50 0 0 Benzene,
7 261.24 1.26 0.180 Type 11
14 259.83 2,67 0.191
21 258.24 4.26 0.203
28 256.60 5.90 0.211 Final
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Table F3 Laboratory Evaporation Test Data, Series 3

Flask Test Weight Weight Loss Notes
No. Duration Change Rate :
(Days) . (gm) (gm) (gm/day)
31 ¢ 247.96 0 0 n~Pentane/n-Octane,
6 246.48 1.48 0.247 Type I
13 244,75 3.21 0.247
20 243.02 4.94 0.247
27 241.33 6.63 0.246 Final
32 0 247.53 0 0  n-Pentane/n-Octane,
6 266.14 1.39 0.232 Type 1
13 244 .55 2.98 0.229
20 242.94 4.59 0.230
27 241.37 6.16 0.228 Final
33 0 246.11 0 0  n-Pentane/n-Octane,
6 244 .63 1.48 0.247 Type 1
13 262.91 3.20 0.246
20 241,21 4.90 0.245
27 ¥ 239.56 6.55 0.243 Final
34 0 243.42 0 a n-Pentane/n-Octare,
"6 241.98 1.44 0.240 Type 1
13 240,32 3.10 0.239
20 238.68 b.74 0.237
27 237.09 6.33 0.234 Final
35 0 245.98 0 0 n-Pentane/n-Octane,
| 6 264,62 '1.36 0.227 Type 1
13 243.00 2,98 0.229
20 241.43 " 4,55 0.228
27 239.89 6.09 0.226 Final
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Table F3 Laboratory Evaporation Test Data, Series 3

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(Days) (gm) (gm) (gm/day)
36 0 257 .64 0 0 n-Pentane/n-0Octene,
6 256.88 0.76 0.127 Type 111
13 256,00 1.74 0.134
20 255.11 2.63 0.132
27 254,15 3.59 0.133 Final
37 0 260.03 0 0 n-Pentane/n-0ctane
6 259,25 0.78 0.130 Type II1
13 258,38 1.65 0.127
20 257.50 2.53 0.127
27 256.60 3.43 0.127 Final
38 0 259.84 0 0 n-Pentane/n-Octane,
6 259,10 0.74 0.123 Type 111
13. . 258.23 1.61 0.124
20 257.34 2.50 0.125
27 ¥ 256.46 3.38 0.125 Final
39 0 255.84 0 0 n-Pentane/n-Octane,
6 255.07 10.77 0.128 Type III
13 254.22 1.62 0.125
20 253.36 2.48 0.124
27 252,52 3.32 0.123 Final
40 0 - 259 .48 0 0 n-Pentane/n-Octane,
6 258.69 0.79 0.132 Type III
13 257.79 1.69 0.130
20 256.88 2.60 0.130
27 255,96 3.52 0.130 Final
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Table F&4 Laboratory Evaporation Test Data, Series 4

Flask Test Weight Weight Loss - Notes
No. Duration Change Rate
(days) (gm) (gm) (gm/day)
R S I L =
1 0 341.51 0 0 n-Hexane,
1 341.35 0.160 . 0.160 Type 1
4 341.00 0.510 0.128
8 340,53 0.960 0.120
12 340.06 1.45 0.121
18 339.31 2.20 0.122
25 338.48 3.03 0.121
32 337.62 3.89 0.122
42 336.43 5.08 0.121 Final
2 0 327.67 0 0 n-Hexane,
1 327.52 0.150 0.150 Type 1
4 327.16 0.510 0.128 : :
8 326.72 0.950 0.119
12 326.26 1.41 0.118
18 325.51 2.16 0.120
25 324.68 2.99 0.120 :
32 323.83 3.84 0.120 ‘
42 322.62 5.05 0.120 Final
3 0 329.40 0 0 n-Hexane,
1 329.24 0.160 0.160 Type 1
4 328.90 0.500 0.125
8 328.45 0.950 0.119
12 327.97 1.43 0.119
18 327.22 2.18 0.121
25 326.40 3.00 0.120
32 325.55 3.85 0.120
42 3254.35 5.05 0.120 Final
4 0 329.26 0 0 n-Hexane,
1 329.12 0.140 0.140 Type 1
4 328.76 0.500 0.125
8 328.31 0.950 0.119
12 327.85 1.41 0.118
18 327.11 2.15 0.119
25 326.29 2.97 0.119
32 325.45 3.81 0.119
42 . 324.25 4.01 0.119 Final
0
1
4
8
12
18
25
32
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.. Table F4 Laboratory Evaporation Test Data, Series 4

[y

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(days) (gms) (gm) (gm/day)_
6 0 348,57 0 0 n-Hexane,
1 . 348.42 0.150 0.150 Type III
4 348.02 0.550 0.138
8 347.42 1.15 0.144
12 346.90 1.67 0.139
18 346.01 2.56 0.142
25 345.01 3.56 0.142
32 343.97 4,60 0.144
42 342.19 6.38 0.152 Final
7 0 335.18 0 0 N-Hexane,
1 335.02 0.160 0.160 Type III
4 334.65 0.530 0.133
8 334.08 1.10 0.138
12 333.54 1.64 0.137
18 332.65 2.53 0.141
25 331.66 3.52 0.141
32 330.61 4.57 0.143
42 ' 328.87  6.31 0.150 Final
8 0 333.12 0 0 N-Hexane,
1 332.95 0.170 0.170 Type II1
4 332.57 0.550 0.138
8 331.95 1.17 0.146
12 331.47 1.65 0.138
18 330.62 2.50 0.139
25 329.66 3.46 0,138
32 328.69 4.43 . 0.138
42 326.90 6.22 0.148 Final
9 0 345.37 0 0 n-Hexane,
1 345.21 0.160 0.160 Type III
4 344,83 0.540 0.135
8 344.19 1.18 0.148
12 , 343.63 1.74 0.145
18 342,70 2.67 0.148
25 " 341.66 3.71 0.148
32 340.62 4.75 0.148
42 338.76 6.61 0.157 Final
10 0 327.40 .0 0 n-Hexane,
. 1 327.24 0.160 0.160 Type III
4 326.88 0.520 0.130
8 326.28 1.12 0.140
12 325.63 1.77 0.148
18 324.72 2.68 0.149
25 323.69. 3.71 0.148
32 322.63 4.77 0.149
42 320.73 6.67 0.159 Final
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Table F4 Laboratory Evaporation Test Data, Series 4

s

Fl6

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(days) (gms) (gm) (gm/day)
11 0 354.24 0 0 Benzene,
1 354.15 0.090 0.090 Type I
[A 353.96 " 0.280 0.070
8 353.68 0.560 0.070
12 353.44 0.800 0.067
18 353.04 1.20 0.067
25 352.59 1.65 0.066
32 352.12 2.12 0.066
42 351.44 " 2.80 0.067 Final
12 0 363.26 0 0 Benzene,
1 363.18 0.080 0.080 Type 1
4 362.97 0.290 0.073
8 362.71 0.550 0.069
12 362.44 0.820 0.068
18 362.03 1.23 0.068
25 361.58 1.68 0.067
32 361.10 2.16 0.068
42 360.40 2.86 0.068 Final
13 1] 366.70 Q 0 Benzene,
1l 366.63 0.070 0.070 Type 1
4 366.45 0.250 0.063
8 366.17 0.530 0.067
12 365.93 0.770 0.064
18 365.53 1.17 0.065
25 365.08 1.62 0.065
32 364.60 2.10 0.066
42 363.93 2.77 0.066 Final
14 0 355.40 0 0 Benzene,
1 355.32 0.080 0.080 Type I
4 355.13 .0.270 0.068 _
8 354.86 0.540 0.068
12 354.59 0.810 0.068
18 354.18 1.22 0.068
25 - 353.73 1.67 0.068
32 353.26 2.14 0.067
42 352.57 2.83 0.067 Final
0
1
4
8
12
18
25
32




- Table F4 Laboratory Evaporation Test Data, Series 4

[
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Flask Test Weight Weight Loss Notes
No. Duration : Change Rate
(days) (gms) (gm) (gm/day)
16 0 363.42 0 0 Benzene,
1 363.31 0.110 0.110 Type II1
4 363.02 0.400 0.100
8 362.72 0.700 0.088
12 362.18 1.24 0.103
18 361.58 1.84 0.102
25 360.90 2.52 0.101
32 360.22 3.20 0.100
42 359.21 . © 4.21° 0,100 Final
17 0 378.38 0 0 Benzene,
1 378.29 0.090 0.090 Type III
4 378.01 0.370 0.093
8 377.65 0.730 0.091
12 377.31 1.07 0.089
18 376.85 1.53 0,085
25 376.31 2.07 0.083
32 375.77 2.61 0,082
42 374.93 . 3.45 0,082 .. Final
18 0 368.93 0 0 Benzene,
1 368.85 0.080 0.080 Type III
4 368.59 0.340 0.085
8 368.25 0.680 0.085
12 368.01 0.920 0.077
. 18 367.60 1.33 0.074
25 367.15 1.78 0.071
32 366.69 2.24 0.070
52 ..366.02 2.91° . 0,069 Final
19 0 361.66 0 0 Benzene,
1 361.57 0.090 0.090 Type III
4 361.32 0.340 0.085
8 361.00 0.660 0.083
12 360.72 0.940 0.078
18 360.29 1.37 0.076
25 359.82 1.84 0.074
32 359.35 2.31 0,072
42 358.68 2.98 - 0.071 Final
20 0 378.44 0 0 Benzene,
1 378.36 0.080 0.080 Type III
4 378.09 0.350 0.088
8 377.79 0.650 0.081
12 377.26 1.18 0.098
18 376.74 1.70 0.094
25 376.19 2.25 - 0,090
32 375.64 2.80 0.088
42 374.80 64 0,087 Final

I

—
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Table F4 Laﬁoratory Evaporation Test Data, Series 4

.

Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(days) (gms) (gm) (gm/day)
21 0 339.72 0 0 Gasoline,
1 339.37 0.350 0.350 Type 1
4 338.42 1.30 0.325
8 337.30 2.42 0.303
12 336.18 3.54 0.295
18 334.71 5.01 06.278
25 333.18 6.54 0.262
32 331.78 7.94 0.248
42 329.99 9.73 0.232 Final
24 0 337.62 0 0 Gasoline,
1 337.26 0.360 0.360 Type 1
4 336.32 1.30 0.325
8 335.16 2.46 0.308
12 334.09 3.53 0.294
18 332.61 5.01 0.278
25 331.07 6.55 0.262
32 329.66 7.96 0.249
42 327.82 9.80 0.233 Final
25 0 340.85 0 0 Gasoline,
1 340,50 6.350 0.350 Type 1
4 339.54 1.31 0.328
8 338.39 2,46 0.308
12 337.31 3.54 0.295
18 335.85 5.00 0.278
25 334.32 6.53 T 0.261
32 332.95 7.90 - 0.247
42 331.17 9.68 0.230 Final
0
1
&4
8
12
18
25
32
42
0
1
4
8
12
18
25
32
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Flask Test Weight Weight Loss Notes
No. Duration Change Rate
(days) (gms) (gm) (gm/day)
26 0 346.81 0 0 Gasoline,
1 346,51 0.300 0.300 Type III
4 345.72 1.09 0.273
8 345.09 1.72 0.215
12 343.99 2.82 0.235
18 342.87 3.94 0.219
25 341.68 5.13 0.205
32 340.50 6.31 0.197
42 338.65 8.16 0.194 Final
27 0 342.89 0 0 Gasoline,
1 342,58 0.31¢ 0.310 Type IIL
4 341.85 1.04 0.260
8 341.11 1.78 0.223
12 340.32 2.57 0.214
18 339.23 3.66 0.203
25 338.10 4.79 0.192
32 337.03 5.86 0.183
42 335.35 7.54 0.180 Final
28 0 340.66 0 0 Gasoline,
1 340.33 0.330 0.330 Type III
4 339.59 1.07 0.268
8 338.93 1.73 0.216
12 338,02 2.64 0.220
18 336.95 3.71 0.206
25 335.81 4.85 0.194
32 334.74 5.92 0.185
42 333.08 7.58 0.180 Final
29 0 342,22 0 0 Gasoline,
1 341.91 0.310 0.310 Type 111
4 341.18 1.04 0.260
8 340,54 1.68 0.210
12 339.80 2.42 0.202
18 338.76 3.46 0.192
25 *337.69 4,53 0.181
32 336.68 5.54 0.173
} 42 335.12 7.10 0.169 Final
30 0 347.42 _ 0 0 Gasoline,
1 347.12 0.300 0.300 Type 11I
4 346.461 1.01 0.253
8 345.68 1.74 0.218
12 344.74 2.68 0.223
18 343,55 3.87 0.215
25 342.33 5.09 . 0.205
32 341.15 6.27 0.196
42 339.19 8.23 0,196 Final

—
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Table T4 Laboratory Evaporation Test Data, Series 4

'

Flask Test Weight . Weight Loss Notes
No. Duration Change Rate
(days) (gms) (gm) (gm/day)
31 0 352.08 0 0 Propane/n-Octane,
1 351.95 0.130 0.130 Type I "~
4 351.64 0.440 0.110
8 351.34 0.740 0.093
12 351.12 0.960 0.080
18 . 350.90 1.18 0.066
25 350.74 1.34 0.054
32 350.60 1.48 0.046
42 350.46 1.62 0.039 - Final
32 0 341.17 0 0 _Propane/n-Octane,
1 341.02 0.150 0.150 Type I
4 340,72 . 0.450 n.113
8 340.43 0.740 0.093
12 340.20  0.970 0,081
18 339.99 1.18 0.066
25 339.84 1,33 0.053
32 339.71 1.46 0.046
42 339.58 1.59 0.038 Final
34 0 335.47 0 0 Propane/n-Octane,
1 335.34 0.130 0.130 Type 1
4 335.02 0.450 0.113
8 334.72 0.750 0.094
12 334,51 0.960 0.080
18 334.30 1.17 ‘ 0.065
25 334,13 1.34 : 0.054
32 333.99 1.48 . 0.046
42 333.85 . 1.62. 0.039 Final
35 0 335.87 0 0 Propane/n-Octane,
1 335.74 0.130 0.130 Type I
4 335.41 0.460 0.115
8 335.12 0.750 0.094
12 334.88 0.990 0.083
. 18 334.67 1,20 0.067
25 - -334.51 -1.36 0.054
32 334,38 1.49 0.047
42 334.25 1.62 0.039 Final
0
1
4
8
12
18
25
32
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... Table F4 Laboratory Evaporation Test Data, Series &

Flask Test Weight Weight Loss Notes
No. Duration Change Rate ‘
(days) (gms) (gm) (gm/day)
36 0 338.71 - 0 0 ®ropane/n-Octane,
1 338.61 0.100 0.100 Type III
4 338.28 0.430 0.108
8 337.98 0.730 0.091
12 337.57 1.14 0.095
18 337.15 1.56 0.087
25 336.74 1.97 0.079
32 336.37 2.34 0.073
42 335.85 2.86 0.068 Final
38 0 340.14 0 0 Propane/n-Octane,
1 340.03 0.110 0.110 Type III
4 - 339.74 0.400 0.100
8 339.39 0.750 0.094
12 339.11 1.03 0.086
18 338.73 1.41 0.078
25 338.37 1.77 0.071
32 338.05 2.09 0.065
42 337.59 2.55 0.061 Final
39 0 940.42 . 0 0 Propane/n-0Octane,
1 340.32 0.100 0.100 Type III
4 340.02 0.400 0.100
8 339.66 0.760 0.095
12 339.32 1.10 0.092
18 338.94 1.48 0.082
25 338.55 1,87 0.075
32 338.20 2.22 0.069
42 337.711 2.71 0.065 Final
40 0 340.09 0 0 Provane/n-Octane,
1 339.97 0.120 0.120 Type III
4 339.70 0.390 0.098 : .
8 339.30 0.790 0.099
12 338.99 1.19 0.092
18 338,61 1.48 0.082
25 338.26 1.83 0.073
32 337.94 2,15 0.067
42 337.46 2.63 0.063 Final
0
1
4
8
12
18
25
32
42
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Table G1 Laboratory Permeability Test Data For
Aluminum Plate Control Samples
Sample Test Weight Weight Loss Notes
No. Duration Change Rate
(days) (gm) (gm) (gm/day)
3 0 282.20 - -
1 279.64 2.56 2.56
2 276.91 5.29 2.65
5 269.72 12.48 2.50
6 267.40 14.80 "2.47. Final Value
4 0 270.69 - -
1 268.62 2.07 2.07
2 266.46 4.23 2.12
5 262.01 8.68 1.74
6 260.48 10.21 1.70 Final Value
5 0 277.21 - -
1 275.50 1.71 1.71
2 273.68 3.53 1.77
5 269.09 8.12 1.62
6 267.66 9.55 1.59 Final Value

Average Loss Rate = 1.92 gm/day
Standard Deviation = 25
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Table G2 Laboratory Permeability Test Data For
Polyurethane Coated Nylon Fabrie

Sample - Test Weight Weight Loss Notes
No. Duration Change Rate
(days) (gm) (gm) (gm/day)
puee———— e s —— ]
6 0 189.53 - -
1 172.92 16.61 16.61
2 157.78 31.75 15,88 ‘
5 122.57 66.96 13.39
6 113.42 76.11 12.69 Final Value
7 0 192,78 - -
1 175.36 17.42 17.42
2 159.72 33.06 16.53
5 122.38 . .70.40 14.08 Final Value
8 0 216.12 - -
1 197.19 18.93 18.93
2 182.18 33.94 16.97
5 146,76 69.36 13.87 :
6 137.60 78.52 13.09 Final Value
9 0 217.27 - -
1 200.57 16.70 16.70
2 185.87 31.40 15.70
5 152.29 64 .98 13.00
6 143.63 73.64 12.27 Final Value
10 0 260.79 - -
1 223.97 16.82 16.82
2 209.14 31.65 15.83
5 174 .00 66.79 13.36
6 164.51 76.28 12.71 Final Value

Average Loss Rate = 12.97 gm/day
Standard Neviation = 5.3%
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Wind Speed Calibration of Test Tank
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Symbol

Nomenclature for Appendix H

Description

Vent Discharge Fl;w Coefficient

Pressure Coefficient at a Shell Vent Location
Pressure Coefficient at & = 0 rad.

Pressure Coefficient of the Tank Vapor Space
Pressure Coefficient at & = 0 rad.

Diameter of Tank

Gravitational Constant
(32.2 lbm £t/1bf sec?)

Height of Tank Shell

Vertical Position on Tank Shell
Reynolds Number of Tank

Pressure at a Shell Vent Location
Pressure of the Tank Vapor Space

Reference Pressure
Pressure at & = 0 rad.

Volumetric Flow Rate

Total Volumetric Air Flow Rate Into the
Tank Vapor Space

Total Volumetric Air Flow Rate Out of the
Tank Vapor Space

Width of Circumferential Opening in the Tank
Shell Having an Area Equivalent to
0.20 ft?/ft dia.

Density of Air

Angle Measured From the Windward Side
of the Tank

Angle at Which the Pressure at a Shell Vent
Location Equals the Pressure of the Tank
Vapor Space.

H2

Units

ft
(lbm fr

B

sec
ft
fr

1b£/£t?
1bf/£e?
1b£/fr?
1bf/ft?

ft3/sec
££?/sec

ft/sec

fr

1bm/ft?

deg. or
rad.

deg. or
rad.
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Appendix H

' Wind Speed Calibration of Test Tank

This appendix shows the development of the wind speed cali-
bration of the test tank. The calibration comsists of a
mathematical relationship between the air flow rate, q, which
is passed through the vapor space of the test tank when simul-
ating an internal floating roof tank (IFRT), and the equivalent
ambient wind speed, V, which would cause this air flow rate.
Since the air flow rate through the vapor space of the test
tank can be systematically varied,it is thus possible to simu-
late different ambient wind speeds and measure their affect

on emissions.

An IFRT has both shell vents and a roof vent to permit the tank
vapor space to be ventilated. API Std. 650, Appendix H,
Paragraph H.3.8 requires that the tank shell vents shall be

at least 0.20 ft?/ft dia., that there be at least four shell
vents on each tank, and that the maximum shell vent spacing

be 32 £r. The API further specifies that there be an ocuter
roof vent with a minimum flow area of 50 in?.

As the wind flows over the exterior of the tank, air will
flow into the vapor space through some of the vents and out
of the vapor space through the rest of the vents. Normally,
the amount of air flow through the roof vent is small in com-
parison to the sum of the air flows through the shell vents,
and will thus be neglected in the following analysis.

Based on wind tunnel tests, it has been possible to determine
the pressure coefficient, CP’ variation over the exterior
surface of the tank. 1In particular, pressure coefficients




have been measured at the location of the shell vents. Figure
Hl shows the results of wind tunnel tests reported by Purdy,
et al [6] for the case where D/H = 2 and where h/H = 0.85 and
1.00. Figure H2 shows some of the results of the wind tunmnel
tests performed by FluiDyne Engineering Corporation under CBI
Research Contract R-0150 [4]. Each data point shown on Figure
H2 is based on the average of four tests, as shown in Table Hl.
The smoothed curve shown in this figure is believed to be a
reasonable average of the test data.

The number of shell vents varies with the diameter of the

tank. On large diameter tanks the number of shell vents is
considerable, and the vapor space air flow pattern caused by
rhese shell vents can be approximated by a continuous ¢ircum-
ferential shell opening of the same equivalent shell vent area.

Consider the case where the shell vent consists of a continuous

circumferential opening around the top of the shell of some
width, W, which meets the API shell vent area requirement of
0.20 fc?/fr dia. Thus,

_ (0.20ft?/ft . dia.)(B)  0.20 _
W Tammh £ = 0.0637 fr.

Note that the API criteria would require the same width of con-
tinuous circumferential vent opening, regardless of tank dia-
meter.

The following figure describes the shell vent case under comn-
sideration.

H4
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" Table HL Measured Pressure Coefficients Cp
At Shell Vent Locations [Ref.4]

H7

8 Test Test Test Test Average
No. No. No. No. Value
(deg) 1.004 2.002 3.030 4.002
6 0.5726 1.0529 0.8296 0.8107 0.8164
18 0.9627 0.9643 0.9561 0.9450 0.9570
30 0.1691 0.1614 0.1566 0.1125 0.1499
42 0.4594 0.4458 0.2519 0.2609 0.3545
54 -0.3342 -0.3968 -0.2218 -0.2353 -0.2970
66 -0.5073 -0.5780 -0.4599 -0.5038 -0.5122
78 -0.7683 -0.7024 -0.5802 -0,5294 -0.6451
90 -0.9987 -1.1230 -1.2569 -1.1074 -1.1215
102 -0.5273 -0.6521 -0.5163 -0.5269 -0.5556
114 -0.4674 -0.5807 -0.4524 -0.3581 -0.4646
126 -0.4061 -0,5780 -0,5213 -0.4092 -0.4786
138 -0.3635 -0.4683 -0,3421 -0.2890 -0,3657
150 -0.4141 -0.5040 -0.4937 -0.4233 -0,4588
162 -0.4381 -0.5106 -0.4850 -0.3913 -0.4562
174 -0.3968 -0.4153- - <0.4624 - -0.3811 - -0,4139
D/H 2 2 2 3
Nep 2,82x10° 2,76X10° 2.87X10% 2.83%X10°
IFR Level Low ..”id... _ High. . High.
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The variation of shell pressure coefficient, CP' and extermal
pressure, P, with angle, 6, measured from the windward side of
the tank can be depicted as follows:

+1.0 l I T

k4

o]
l—e—-

:

Note that Cpy and Py refer to the pressure coefficient and
pressure, respectively, of the tank vapor space. Thus, from
8 = 0tog = 8y air will flow into the vapor space, and from

8 = 8y to 8 = 7 air will flow out of the Gapor'space.
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At location 8, where 0 < & <g,, the differential volumetric
flow rate or air into the tank vapor space is:

28, (P-P,) | % :
D [ M (H1)
dq = CDW Z [ ) ] de
Note that:
_(P-Bg | (H2)
(¥ '(p 2 )
2gc
Coy * PH'PR) (H3)
P -
%) '

c

Solving Equation (H2) for P, solving Equation (H3) for Py»
and forming the difference (P-Py), we obtain:

2

(P-Py) = (Cp=Cpyp) (g‘;——) (H4)

e
Combining Equations (Hl) and (H4), we get:

dq=cWiv [ee -cm]* de | (H5)

The total flow into the tank vapor space through the shell
vents, qm' is:




H1ll

Using Equation (H5) we obtain:
G-BM
o=

Similarly, the total flow out of the tank vapor space through °
the shell vents, Qoprr is:

fmf X
oy * chmy‘ [cm -cp] de (H7)

B-OM
Conservation of mass (neglecting the small amount of hydro-
carbon vapor in the air flowing out of the shell vents) requires

that:

UGN = Yur (H8)

Substituting Equations (H6) and (H7) into Equation (H8) we get
the following result which allows us to determine Cpy and 6y,.

foos' Brom]® o <fulhy fmci* e o

Utilizing the relationship between Cp and 6 shown by the curve
in Figure H2, a numerical integration was performed and re-
sulted in: :

Coy =—0.342

eH'- 56.3 deg.

-BM .
f [Cp -cm]k de = 0.830
/o= 0




H12

Putting these results back into Equatiom (H6), we have the
-air flow through the tank vapor space.

g = 0.830CDWDV (H10)

From tests performed on a CBI standard, screened, hooded
shell vent [3), it was found that Cp = 0.570. This may be
compared to the value for ideal flow through a slot.

‘CD’ ideal = v/ (n+2) = 0.611

Applying the above Equation (H10) to the 20 ft. diameter
test tank, and using the API shell vent area criteria for

vent opening height, we get:

q = (0.830) (0.570) (0.0637ft) (20fet) V

£ed \ . ft
( , -s—e;-) 0.602 (v, ?&) (H11)

Or, changing units, we can write:

(q, sefm )= 53.0 (V, mi/hr) (H12)

Equation (H12) 4s the wind speed calibration equation for the
20 ft.diameter test tank which relates air flow rate, q, in
sefmt  to equivalent ambient wind speed, V, in mi/hr for an
internal floating roof tank. '
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Pressure Tightness Tests
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Nomenclature for Appendix I

Desceription

Tank Diameter

Rotameter Correction Factor
Molecular Weight

Pressure

Volumet:ic Flow Rate

Volumetric Flow Rate Per Foot of Tank
Diameter

Temperature

Subscripts
Indicates Alr

Indicates Hydrocarbon
Indicates Air and Hydroéarbon Mixture

Indicates Nitrogen

Indicates Measured Conditions of Rotameter

Indicates Calibration Conditions of
Rotameter

'scfm

I2

Units

ft

1bm/1lbmole
psia

gcfm/ff.dia.

°F
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APPENDIX I

Pressure Tightnegs Tests

During the course of the emission test program performed in the
20 fr. diameter test tank, a number of pressure tightmess tests
were performed on both primary and secondary seals, and on roof
decks. Table Il summarizes the conditions for each pressure
tightness test and Table I2 summarizes the test data. The dates
and times when these pressure tightness tests were performed is
also indicated on the Calendar of Events (Tables Al through AlS
in Appendix A).

The procedure used in performing a pressure tightness test was
essentially the same for use with either a vapor mounted primary=
seal, a secondary seal or a roof deck. During a test, the IFR was
floating on either product or water. The inlet air blower was
shut off, and ocne of the two outer roof man holes was opened to
provide access to the inside of the test tank. A controlled flow
rate of compressed "house" air was passed through a rotameter
ocoutside of the test tank and them introduced beneath the IFR com-
ponent being tested. Rotameters of different flow ranges were
used to cover a wide range of pressure tightness. Pressure taps
were located both beneath and above the IFR component being
tested. In the case where a vapor mounted primary seal or a
secondary seal was being tested, the pressure taps were located
180 degrees from the location of the air supply. An MKS Baratron,
Type 77, Pressure Meter was used to read the pressure differences
across the IFR compoment. |

In reducing the flow data 6f a pressure tightness test, it was
assumed that the air inlet flow became saturated with product vapor
before it passed out of the IFR component. The outlet leakage rate
(Column 7 in Table I2) is thus the measured inlet air flow rate
(Column 6 in Table I2) corrected to product saturation conditions.




I4

For purposes of comparison, the corrected outlet leakage rate was
converted to a nitrogen equivalent leakage rate (Columm 8 in
Table 12). The pressure tightness test results presented in Table
12 were determined using the following flow data reduction
equations.

Flow Data Reduction

The measured volumetric air flow rate thiough the rotameter, Gy,
was first corrected to standard conditions using Eqs. (Il) and

(12).

q = F qu b

[l (2 (]

The outlet leakage flow rate of air and hydrocarbcn,qAH, was
determined by assuming that the outlet air flow rate, qp.Was
saturated with product hydrocarbon vapor using Eq. (I3).

9n _ % (13)
H
-]
Assuming that the openings through which the leakage flow passes
act like small orifices, the nitrogen equivalent leakage flow rate,

Gy WAY be determined using Eq (I4).

M
Gy - qAH("'MéN"H;) & (14)

[



Test Results

But,
P P
H H
Mam = (1 - ?") Ha *(p—) My (13)

Combining Eqs. (I4) and (I5), we have:

B T

Finally, the nitrogen equivalent leakage rate per foot of tank

diameter, qﬁ , may be determined using Eq (I7).
@ =5 | an

The pressure tightness test results of Table I2 are plotted on

Figure Il and 12 as pressure drop (in H;0) versus nitrogen
equivalent leak rate (scfm/ft. dia.). '

Figure 1l shows that a significant improvement in primary seal
pressure tightness occurred when the first replacement primary
seal was installed on the bolted, comtact IFR. Pressure tight-
ness Tests F79 and 80 show that after the inlet air duct heater

was installed, an additional improvement in primary seal tight-
ness was evident:. ,.____;_:_- _‘_*. ?.._‘_,, -

gt

No pressure tightness tests were performed on the second replace-
ment primary seal, but visual observations of the contact area
between the tank shell and second replacement primary seal in-
dicate that it appeared to fit better than both the original

and first replacement primary seals.

I5
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Since the primary seal used with the welded, contact IFR was liquid
mounted, it was nor possible or necessary to perform a primary seal
tightness test. Also, since the roof deck was welded and in con-
tact with the liquid, it was not possible or necessary to perform
a deck tightness test,

Figure I2 shows the results of pressure tightness Test F83 performed
on the vapor mounted primsry seal used with the bolted, contact IFR.
A similar tightness Test F82 performed om the secondary seal (which
was identical in construction to the primary seal) showed that the
primary and seconday seals were of comparable leak tightmess.
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Pressure Drop, (in. Hzo)
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FIGURE Il Leak Tightness of Noncontact, Bolted IFR
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.Pressure Drop, (in. 820)

Sym. Tightness Test il
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FIGURE I2 Leak Tightnesa of Contact, Bolted IFR
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