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SUMMARY 
ii 

The American Petroleum Institute ( M I )  intends to revise their 
Bulletins 2519 [11* and 2523 [81 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 h Iron Company (CBI) under CBI 
Contract 05000 for the AFT. The Test Program was divided into four 
(4) phases: 

Phase 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: 

i "Numbers in brackets indicate reference numbers at the end 
. +; 

of this report. 
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0 Primary Seal Type 
0 -Primary Seal  Gaps 
0 Secondary Seal Type 
0 Secondary Seal Gaps 
0 Roof Seams 
0 Roof F i t t i n g s  
0 I n t e r n a l  A i r  Flow Dis t r ibu t ion  
0 Roof Elevation 
0 Product Type (Both S ingle  Component Products and Mixtures) 
0 Product Vapor Pressure 

Phase 4 involved measuring the  emissions from se l ec t ed  generic 
types of t y p i c a l  roof f i t t i n g s  including: column w e l l ;  roof 
dra in ;  ad jus tab le  leg ;  sample w e l l ;  etc. 

The Test Program w a s  performed a t  C B I ' s  Emission Test Tank F a c i l i t y  
located a t  t h e i r  Research Department i n  P l a i n f i e l d ,  I l l i n o i s .  
Phases 1 through 3 were performed i n  a 20 f t .  diameter IFR t e s t  
tank. Phase 4 was performed i n  a t e s t  room equipped with f i v e  (5) 
s imi l a r  apparatus t o  measure deck f i t t i n g  emissions under con- 
t r o l l e d  environment conditions.  

In addi t ion  t o  the t e s t  work described above f o r  Phase 1 through 
4, the  scope of the  program was  later expanded t o  include: 
laboratory and bench scale permeation rate t e s t s  on se l ec t ed  s e a l  
f a b r i c s ;  and laboratory evaporation tests on severa l  types o f  
products. 

The e n t i r e  IFRT Test Program in  the  p i l o t  IFR tes t  tank extended 
from August, 1980 through October, 1981. After  t he  completion of 
Phases 1, 2 and 3 in August, 1981, a complete review by t he  API 
of the  t e s t  data indicated the  need t o  supplement the  r e s u l t s  with 
addi t iona l  t e s t s .  These add i t iona l  tests involved a l l  th ree  of 
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The IFR's previously - *- tested, and the additional tests were per- 
formed as Phases lR, 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. 
detailed description of the chronological sequence of events during 
the program is contained in Appendix A. 

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 
w i l l  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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.Symbol 

A% 

AcN 

E 

M 

pM 

pN 

Q 
V 

lbm 

lbf 

lbmole 

P P W  

SCfm 

psia 

c3 

nC 5 

nC6 

Nomenclature 

Description 

Measured (outlet-inlet) total by hydrocarbon 
concentration change referred to the basis on 
which the THA is calibrated (normally a propane 
basis) 

Normalized (outlet-inlet) total hydrocarbon con- 
centration change referred to the basis on which 
the THA is calibrated (normally a propane basis) 

Emission rate 

Molecular weight of the hydrocarbon used to 
calibrate the THA 

Vapor pressure of the product at its test tem- 
perature 

Vapor pressure of the product to which the THA 
concentration change readings are normalized 

Air flow rate 

Ambient wind: speed 

Unit Description 

Pound mass 

Pound force 

Pound mole 

Parts per million on a volume basis 

Standard cubic feet per minute 

Pound force per square inch, absolute 

Chemical Compound Notation 

Propane 

Normal pentane 

Normal hexane 

iv 

Units 

P P W  

P P W  

lbmldzy 

lbm/ lbm 

psia 

psia 

SCfm 

milhr 
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Symbol 

C6H6 

nC 7 

nca 

Nomenclature 
(Continued) 

Chemical Compound Notation 

Benzene 

Normal heptane 

Normal octane 

ISO octane 

Propane and normal octane mixture 

Normal pentane and normal octane mixture 
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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 IFEt test tank using three ( 3 )  dif- 
ferent types of I n ’ 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: 
scale hydrocarbon permeation rate tests on selected seal 
fabrics; and iaboratory evaporation tests on several types 
of hydrocarbon products. 

laboratory and bench 



2 

1.2 Test F a c i l i t y  Description 
-. 
The emission t e s t  program was performed i n  a covered 
f l o a t i n g  roof t es t  tank a t  CBI's P l a i n f i e l d ,  I l l i n o i s ,  
Research F a c i l i t y .  Figure 1.1 i s  a process and in s t ru -  
mentation schematic of the  t e s t  tank f a c i l i t y .  

The t e s t  tank i s  20 f t . i n  diameter and has a 9 f t . she l1  
height .  
with a heating/cooling j acke t  through which a heated o r  
cooled waterlethylene glycol  m i x t u r e  i s  continuously c i r -  
culated t o  cont ro l  t h e  product temperature. 
i s  insu la ted  ex te rna l ly ,  and the  tank r e s t s  on Foamglas load 
bearing in su la t ing  blocks.  . 

The lower 5 ft.-3 i n .  of the tank s h e l l  i s  provided 

This j acke t  

Access i n t o  the  i n t e r i o r  of t he  t e s t  tank f o r  the  purpose 
of interchanping the  types of i n t e r n a l  f l o a t i n g  roofs  i s  
provided by means of a flanged and bol ted  e x t e r i o r  cone 
roof. Personnel access  i n t o  the  t e s t  tank is  provided by 
means of a 30 in, .d iameter  manhole in the  cone roof .  

The t e s t  tank has numerous f i t t i n g s  provided f o r  i n s t r u -  
mentation, product a d d i t i o n  o r  withdrawal, and product 

- 
mixing. 

Since these t e s t s  included product mixtures of propane and 
normal octane (C3/nC8), mixing w a s  pe r iod ica l ly  required.  
The mixing system i s  comprised of a rec i rcu la t inR p ipe l ine  
and a product c i r c u l a t i o n  pump. 
taken a t  the  sample poin t  located a t  the  discharge of t he  
c i r cu la t ion  pump. To increase  the  vapor pressure of t he  
C3lnCa mixture, propane w a s  i n j ec t ed  i n t o  the product a t  
the suct ion of t he  c i r c u l a t i o n  pump. To reduce the  vapor 
pressure of the  C31nC8 mixture, a s t r i p p e r  tower w a s  added 
t o  the t e s t  f a c i l i t y  during Phase 3. The s t r i p p e r  tower was 
1 0  in. d ia .  by 12 f t r 6  in. long and was packed with 318 i n .  
dia .  P a l l  Rings. The product w a s  t ransfer red  by the  c i r cu la -  
t i o n  pump t o  the  top of the  s t r i p p e r  tower. where it  flowed 

Samples of the  product were 
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downward over the packing countercurrent to air, which 
stripped the propane out of the product. 
of the elevated stripper tower the product flowed by 
gravity back to the test tank. 

-- 
From the bottom 

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 outlet to the 
test tank air inlet distribution plenum. 
temperature, pressure and air flow rate were measured. A 
pitot tube was-utilized to measure the air velocity in the 
duct . 

The blower outlet 

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 specifieb.uafuei3. 

The total hydrocarbon concentration of both the test tank 
inlet and outlet air were continuously measured u s i n ~  two 
Beckman Instruments, Inc., Model 4 0 0 ,  Total Hydrocarbon 
Analyzers (THA). These instruments were zeroed and spanned 
durinp 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. 
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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: 

0 Roof Type 
0 Primary Seal Type 

Primary Seal Gap Condition 
Secondary Seal Type 

0 Secondary Seal Gap Condition 
0 Roof Elevation 
0 Air Flow Distribution Type 
0 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 milhr. 
The test facility was manned three 8 hr.shifts per day ( 2  
technicians per shift), and test data was recorded every 112 hr. 
The test data included: 

0 Inlet Air Flow Rate (i.e. blower discharge duct air 

0 Total Hydrocarbon Concentrations (air inlet and outlet) 
0 System Temperatures (ambient, product liquid, product 

velocity, pressure and temperature) 

rim vapor, product deck vapor, etc.) . 
Although the total hydrocarbon analyzers operated continuously, 
their readings were logged every 112 hr. 
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Steady State Cr i te r ia  

After a given wind speed se t t ing  was established, the average of 
three (3)  previous consecutive 112 hr .  ou t le t  concentration read- 
ings was compared t o  a new concentration reading. 
reading was within 5 %  of the average of the three previous readings 
the system was considered t o  be a t  essent ia l ly  steady s t a t e .  The 
wind speed would then be adjusted t o  a new value, and again read- 
ings would be  taken u n t i l  t h e  above c r i t e r i a  for steady s t a t e  was 
m e t .  Normally, it would take about 4 hrs .  for  the system t o  meet 
the steady s t a t e  c r i t e r i a .  

:=. 

If the new 

Seal Gap Placement 
During cer ta in  t e s t s ,  intentional gaps were placed between a seal 
(e i ther  the primary o r  secondary seal)  and the tank she l l .  
gap areas used were e i ther  1 o r  3 in ' l f t .  dia. ( i . e . ' f o r  the 20 f t .  
diameter t e s t  tank, 20 o r  60 in?,  respectively).  For t e s t s  with 
20 in. ' of gap area,  two 1 0  in. ' gap area spacer bars were- used, 
one each located on the NE and SW positions of the tank she l l .  For 
t e s t s  with 60 in. ' gap area,  four 15 in. gap area spacer bars were 
used, one each located on the NE, SE, SW and NW posit ions of the 
tank she l l .  

The 

Roof Component Sealing 

During t e s t s ,  it was necessary t o  seal  off certain roof components. 
This was accomplished by using pieces of 0.020 in.  thick poly- 
urethane coated nylon fabr ic  which w a s  taped over the roof cornponen 
with aluminum backed duct tape. 
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Propane/Normal Octane nixture Vapor Pressure Determination 

Most of the emission tests performed in the test tank and several 
of the deck fitting emission tests utilized a product which was a 
mixture of propane (Comercia1 Grade) and normal octane (High 
Purity Grade). 
adding propane to the mixture or stripping propane from the 
mixture. 

The product vapor pressure was varied by either 

During the course of the emission testswhich utilized the mixture of 
propane/normal octane (C3InC8). product samples were periodically 
taken. The dates and times when the test tank product was sampled 
are indicated on the Calendar of Events (Figures A 1  through A15 in 
Appendix A) by the symbol 
lated tank emission test numbersare also listed on the vapor 
pressure maps (Figures DL through D3 in Appendix D). 

\s/ . These sample dates and the re- 

Precautions were taken in sampling the product to insure that it 
represented the contents of the test tank. 
product recirculation pump was turned on for a period of about 1 
hour to m i x  the contents of the test tank. 
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 lid of the 
sample bottle was screwed tightly in place to prevent contamina- 
tion or loss of sample product vapor. 

Prior to sampling, the 

The product sample was 

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. 
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After,a period of about 1 hri, 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 liquid to the bottom of 
the sample bottle and was used for sparging a small quantity of 
air through the sample. 
demister in the sample boftle vapor space. 

The other tube was connected to a 

The sample was sparged with a controlled small flow rate of air 
for a short period of time to produce a saturated airlhydrocarbon 
vapor mixture at 32°F in the sample bottle vapor space and effluent 
tube. 
jection port of a Carle Instruments, Inc., Model 111 Gas Chroma- 
tograph. 

The sample bottle effluent tube was connected to the in- 

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 barometric pressure, the computer program calculated 
the corresponding liquid composition at its dewpoint condition. 

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 l O O O F  are listed in 
Table D1. 
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A l s o  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. In 
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). 

n 

\ 

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. 
were plotted as a function of vapor pressure and temperature, it 
was found that a generalized plot could be constructed for C3/nC8 
mixtures. Figure D4 is the resulting plot, and this plot was used 
to determine the product vapor molecular weight for each test. 

When these vapor molecular weights 

Test Data 

Tables B1, B2 and B3 in Appendix B summarize the measured test tank 
data. The values of air flow rate (scfm), product temperature (OF) 
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 
A% was normalized to a concentration change ACN at a coannon vapor 
pressure by means of following equation: 
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= 
+ l 1  - p ~ q  J 

where: A$ - 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) 

PM - 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): 

where: V = Equivalent ambient wind speed, (mi/hr) 
Q = Air flow rate, (scfm) 



The emission rate E was determined from the following equation: 

E = (3.79X10-6) QMACN 

where: Q = Air flow rate (scfm) 

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

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, 
(Ibm/day) 
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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. 
roof was provided by 8 sealed tubular floats of varying 
lengths from 4 ft. to 16 ft.-4 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. 

Floatation of the 

The roof was 18 ft..-10 in 

The roof was equipped with 3 deck fittings: 

(1). access hatch 
(2). column well 
( 3 ) .  vacuum 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. 



13 

Figure- 2.3 shows the thermocouple locations. Measurements 
of the liquid, vapor and deck temperatures were made on the 
North, Sauth, 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 Vest sides of the IER. 



Figure 2.1 
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Figure 2.3 
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2.2 Test Conditions .. 

Table 2.1 s-rizes the test conditions used during 
Phases 1 (Tests Nos. APIl through API34) and Phase 1R 
(Test Nos. AP173 through MI77 
contact IFR. 
during these phases is described in Appendix A. 

on the bolted, non- 
The chronological sequence of events 

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

They are referred to 

Pressure tightness tests were performed on both the primary 
seals and the roof deck. 
ness tests aresummarized in Appendix I. 

The results of the pressure tight- 

The initial tests performed during Phase 1 indicated some 
dependence of emissions on the temperature difference 
between the tank inlet air and the product. 
inlet air temperature depended on the varying ambient 
temperature, a heater was installed in the inlet air duct 
after Test M I 1 9  to permit the inlet air temperature to be 
controlled. 
difference (air inlet-product) was systematically varied at 
-15, 0 and +UFO to determine the affect of this temperature 
difference on emissions. For the majority of the subsequent 
tests this temperature difference was kept at about OF". 

Since the tank 

Tests were performed where the temperature 
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A i r  Flow Distribution Tyues 

During Phase 1 of the t e s t  program, an attempt was  made t o  in- 
vestigate the affect  of 4 different  types of a i r  flow distribution on 
emissions. Figure 2.4 is a summary description of a i r  flow d i s -  
tr ibution Types 1 through 4. 

There are  1 0  openings in ei ther  the a i r  i n l e t  o r  outlet plenum, 
each about 1 f t '  in area. 
cf the i n l e t  and outlet plenum openings were used, and ver t ica l  
s l a t s  were positioned in certain plenum openings t o  shape the 
in l e t  and outlet a i r  flow dis t r ibut ion more closely t o  that  
determined from wind tunnel tests 141. Based on measured wind 
tuunel pressure coefficient data, Appendix H describes the de- 
rivation of the relationship between the a i r  flow r a t e  Q 
(scfm) 
m e  1 a i r  flow distribution. 

For Type 1 air  flow dis t r ibut ion,  a l l  

. .  _ _  and equivalent ambient wind speed V (mi/hr) fo r  t h e -  

For a small diameter IFRT, the number of shel l  ventswould be 
limited t o  only a few (a minimum of 4). 
few she l l  vents were oriented re la t ive  t o  the ambient  wind 
direction, they could give internal  flow dist r ibut ion patterns 
which are  different  than those in larger  diameter tanks ( i . e .  
tanlswhich have many she l l  vents would-Ee expected t o  have-a - 
Twe 1 a i r  flow-distribution) . 

Depending on how these 

- 
- _. - 

A i r  flow dis t r ibut ion Types 2, 3 and 4, -&ichmay apuly t o  small 
diameter IFRT's, were selected fo r  evaluation. For these types 
of a i r  flow distribution. most of the plenum openings were com- 
pletely closed. Fi.gure 2.4 Bummarizes the number, area and loca- 
tion of plenum openings used for  Types 2. 3 and 4. Also shown 
on Figure 2.4 a re  the relationships between a i r  flow r a t e  Q and 
equivalent ambient wind speed v f o r  each type of a i r  flaw d i s -  
tr ibution. These relationships w e r e  derived from measured wind 
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tunnel-pressure coefficient data in a manner similar to that 
shown in Appendix H for Type 1 air flow distribution. 

To better understand the internal air flow patterns caused by 
air 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 rest of 
ttie-enissibn te'st prqgram. 

. . -. - - - . . -. - - - -. __ 
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-: Figure 2.4 
Air flow Distribution Types 

Type 1 

10 INLET VENTS 
10 OUTLET VENTS 

SLATS USED TO ADJUST 
VUOCIM PROFILE 

Q=53.0 v 

Type 3 

A, OUT - 3.0 F T ~  
A, IN - 1.0 FTZ 
P ,  TOT = 4,O 02 

(A, QUT/P., IN) 3 

Typa 2 

A, OUT - 2.0 FTZ 
A, IN - 2.0 F T ~  

0.44.3 V 

Type 4 

0.4 n 2  1,o FT2 

A, OUT 2.8 FTZ 
A, IN 1.4 F T ~  
A, TOT = 4.2 F T ~  

(A, OUT/A, I N )  - 2 
QtS3.1 V Q=55.3 V I 
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2 . 3  Test Results 

The measured test data for Phase 1 and 1R are tabulated in 
Table-B1 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 2 5 1 9 .  

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 milhr. 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 milhr. Thus, to determine the effect of a particular 
parameter on emissions for wind speeds less than 20 milhr, - 
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.L7. 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 . 1 0  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. 



25 

The efEect of (air-product) temperature difference on 
emissions is shown in Figure 2.12. where differences of 
-15, 0 and +15Fo 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 p r h r y  seal; in Figure 
2.12 for the first replacement primary seal; and in 
Figure 2.1~ -_ for the second replacement primary seal. 
Small gaps (i.e. 1 in2/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 gaps on emissions 
is shown in Figures 2.11. S m e  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;1.8. 
column well (ungasketed) was the major contributor to the 
emissions from the deck fittings used in Phase 1. 

From Figure 2.13 it can be seen that the 

The effect of vapor pressure on emissions is shown in Figures 
2.x9 and 2.20, Although emissions in general appeared to 
increase with increasing vapor pressure,the vapor pressure 
function cannot be discerned from Figure2.20 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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Wind Speed, (mifir) 
Figure 2.8 Effect of Primary Seal Gaps on 

Emissions for the Original Primary 
Seal With a 0.5 p s i a  Vapor Pressure 
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Figure 2-13 Effect of Deck Fittings 09 Emissions 
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3.0 Welded, Contact IFR Emission Tests 

3.1 IFR Description 

The welded, contact IFR used durinn Phases 2 and 2R of 
the t e s t  program w a s  supplied by Chicago Fridge h Iron 
Company. 

Figure 3.1 is  a plan view of the IFR. 
contact type, f l oa t a t ion  w a s  provided by product displace- 
ment. The roof was 19 f t r l  in. diameter with a 5-1f2 in. 
wide rim space. The roof was  constructed of 3/16 in . thick 
carbon s t e e l ,  and had 3 f ixed  legs .  A t o t a l  of 4 deck 
f i t t i n g s  were installed: 

Since the  roof was a 

(3) 
(4) 

Figure 3 

(1) guide pole 
(2 )  bleeder vent 

colunm w e l l  
bolted access hatch 

2 is an elevation view of the IFR, where it  is 
shown f loa t ing  a t  a 36 in. roof elevation posit ion.  A t  
t h i s  elevation, the outer edge of the secondary s e a l  ex- 
tended t o  the  top of the  s h e l l  heating panel, and thus the 
temperature of the tank s h e l l  in the rim space w a s  con- 
t r o l l e d  by the temperature of the  c i rcu la t ing  l i qu id  in  
the tank s h e l l  heating panels. The roof was  equipped with 
a l i q u i d  mormted, r e s i l i e n t  foam f i l l e d  primary seal and a 
15- in. w i d e ,  riii~%Oiin€eC, fIexibre'-wiper se-condary- sear: 

.. . . 

. .  - -. . .  . . . . . - . . - . -. , . . . . . .- .. 
. .- . -  

.~ . .- - .- . . . . .- - . .  . . .  

Figure 3.1 a l so  shows the thermocouple locations.  
ments of the l i qu id  and deck temperatures were made on the 

Measure- 



' - ?  North, South and West sides of the IFR. The liquid temper- 
ature was measured approxhtely 1 in. below the bottom of 
the roof deck. In the rim area of the IFR, measurements 
were made of the liquid temperaturerand the vapor temper- 
ature between the primary and secondary seals on the North, 
South and Vest sides of the IFR. 
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PLAN VIEW O F  CONTACT WELDED I F R 
Figure 3.1 



‘T 

I 

Elevation View Of Contact 
Welded I F R In Test Tank 

Figure 3.2 



3.2 Test Conditions 

Table 3.1 summarizes the t e s t  conditions used during Phase 
2 (Test Nos. HI35 through AP151) and Phase 2R (Test Nos. 
API67 through API72). 
is described i n  Appendix A. 

The chronological sequence of events 

During the performance of TestAPI44 - it w a s  noticed tha t  one 
of the  deck thermocouple f i t t i n g s  was damp from a small 
amount of product seepage. 
then sealed, and a few of the  previous t e s t s  ( T e s t s  Nos. 
MI37 and API44) were repeated (Teats Nos. AFT45 and API48) 
t o  determine the  emission contribution from the  seeping 
product durlng T e s t s  API35 through API44. 

The cause of t h i s  seepage was 

Most of the  t e a t s  performed during Phases 2 and 2R were a t  
a roof elevation of 36 in. since this permitted the tank 
she l l  in the  IFR rim area t o  be temperature control led by- - 

the  l i q u i d  c i rcu la t ing  through the  tank s h e l l  heating 
panels. 

Test MIS1 was performed with the test conditions adjusted 
to  simulate an external f loa t ing  roof tank (EFRT). The 
purpose of t h i s  t e s t  was t o  determine the emission ra te 'o f  
an EFR equipped with a l i q u i d  mounted, r e s i l i e n t  f i l l e d  
p r imary  s ea l  when the product is a pure component. 
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3.-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 milk. 
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. 

Table 3.2 tabulates the 

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 sham in 
Figure 3.4, where for small gaps (i.e. 1 in2/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. 
to those of Test API42 shows some reduction in emissions with 
the use of a secondary seal. 
from Figure 3.12 by comparing Test MI71 with Test API70. 

Comparing the results of Test MI40 

This effect can also be seen 

- The effect of deck fittings on emissions is shown in Figures 
3.7 and 3.8. 
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Thezeffect of vapor pressure on emissions is shown i n  
Figures  3.13 and 3.14. Also plot ted on Figure 3.14 a r e  the 
r e su l t s  of T e s t  C19 [21 and Test EPA7 151 ,  which a re  tabu- 
la ted  f o r  reference in  Tables B1 and B5. respectively.  
T e s t  C19, performed with a C3fnC8 mixture agrees w e l l  with 
the r e s u l t s  of the  current t e s t  program, but Test EPA7, 
performed with benzene. has s igni f icant ly  higher emissions 

The e f f e c t  of wind speed on emissions f o r  a simulated ex- 
ternal f l o a t i n g  roof (EFR) with a l i q u i d  mounted primary 
seal and nC8 product is shown in Figure 3.9. 
test, the  EFR was simulated w i t h  the  contact ,  welded IFR by 
increasing the  a i r  flow rate through the test tank t o  simu- 
l a t e  ambient wind e f f e c t s  on the EFR. 
however, t h a t  during this tes t  the IFR deck f i t t i n g s  were 
not  sealed,  and the  product was  contaminated with 0.15 mole 
X propane. 

During t h i s  

It should be noted, 

- 8  

I 
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TABLE 3 . 3  SUlMARY OF TESTS USED TO DETERMINE THE EMISSIONS 
DUE TO THE THERMOCOUPLE FITPING SEEPAGE 

Test Seal Gap Area Average Vapor Molecular Thermocouple 
No. Emissions Weight Seepage 

+ n ' / f t  dit;!. (lbm/day) (lbm/lbmole) 

API44 sealed 0.863 46 .4  
&PI45 sealed 0.366 46 .4  
MI37 0 - 1 . 3 6  47 .5  
~ 1 4 a  0 - 0.944 46 .6  

Roof Type: Welded, Contact Iw .. 
Product Type: C3 /nC8 
Nom. Vap. Press.: 5 .0  peia  
Deck Fi t t ings  : Sealed 
Roof Elev.: 36 in 
Notes: [ll. Emission values tab lu la ted  are the  average emission values 

f o r  a l l  data p o i n t s  wi thwind  speeds less than o r  equal t o  
20 m i f h r .  

- 

Determination of Emissions Due t o  the  Thermocouple F i t t i n g  Seepage. ETc 

1 0.863 1 . 3 6  0.944 

ETc - 0.00954 lholefdap (at 5 .0  peia vap. prase.) 
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4.0  Bofted. Contact IFR Emission Tests 

4.1 IFR Description 

The bolted,  contact IFR used during Phases 3 and 3R of the 
t e s t  program was supplied by P e t r e x .  Incorporated. 

Figure- 4 . 1  is  a plan view of the IFR. 
a contact type, f loa t a t ion  was  provided by product dis-  
placement. 
wide rim space and was equipped with 6 f ixed legs .  The 
roof deck bas constructed of 1-112 in. thick, aluminum 
honeycomb core panels,  each 60 in. by 90 in. 
were bolted together w i t h  clamping bars t o  form a r i g i d  
roof deck. 
f t .  
colrxlnn w e l l .  

Since the  roof i s  

The roof was  19 f t - 0  in. diameter with a 6 in. 

These panels 

The t o t a l  length of clamped deck seams was 89 
The roof was equipped with only one deck f i t t i n g ,  a 

Figure 4.2 i s  an elevation view of the IFR. where it  is 
shown f loa t ing  a t  a 36 in. roof elevation posit ion.  A t  
t h i s  elevation, the  outer edge of the  secondary seal ex- 
tended t o  the top of the shell heating panel ,  and thus the 
temperature of the  s h e l l  in the rim space was controlled by 
the temperature of the c i rcu la t ing  l i qu id  in the tank s h e l l  
heating panels. 

The roof was equipped with a vapor mounted. resilient foam 
f i l l e d  primary seal and a-resilient foam f i l l e d  secondary 
seal (of ideqtical  construction t o  the primiry seal), which 
was mounted 6 in. above the primary seal. The rim s i d e  face 
of these seals was attached t o  a series of aluminum clampina 
p l a t e a ,  which were clipped t o  the  IFR rim. 

I .  



ii Figure 4.1 also shows the thermocouple locations. Yeasure- 
.mnt 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. 
were made of the liquid temperature .thevapor temperature 
belowthe prisnary sea1,and'the . vapor . . .. . . . temperature . . . . . . between . 

pr-im+ry andsecondarp. seals .op-.the- Porth, South . . and. Vest 
sides of the IFR. 

In the rim area of the IFR. measurements 

. . 
the 
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Thermocouple 
Locations 7 

Air  Outlet 

PLAN VIEW OF CONTACT BOLTED I F R  
Figure 4.1 
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4 . 2  Tess  Conditions 

Table-4.1 summarizes the t e s t  conditions used during Phase 
3 (Test Nos. API52 through API65) and Phase 3R (Test Nos. 
API65R and 66, 
described in Appendix A. 

The chronological sequence of events is 

Preliminary emission tests ( T e s t  Nos. APISZA, B .  C ,  b, E.  
API53A. B ,  C and API54A. B )  indicated t h a t  during the tank 
f i l l i n g  operation, product had probably inadvertently gotten 
into the primary seal through the  v e r t i c a l  gaps between the  
aluminum clamping p l a t e s  011 the  rim face of the primary seal. 
This product was removed from the  primary seal before com- 
mencing Test API52. 
liminary t e s t a  is not included in Table B 3 .  

The emission test data from these pre- 

Since the IFR rim p l a t e  for use with a secondary seal was 
fabr icated from two ro l l ed  alrrminum extrusions joined in a- 
c i r d e r e n t i a l  seam. an attempt was made ( T e s t  Nos. 56 
and 57)  t o  determine the  emission cantributim of the seam. 
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4 . 3  Test Results 

-i 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 . 1 2 .  Table 4.2 is a suunnary 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 milhr. 

The effect of primary seal gaps on emissions is shown in 
Figure 4 . 6 ,  where again for small gaps (i.e. 1 in'fft 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 emissions is 
shown in Figure 4.5. The deck seam emissions are sumnarized 
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 . 1 2 .  
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5.0 IFR Comonent Tests 

5.1 Deck FittinR Emission T e s t s  
- =  

A ser ies  of bench scale deck f i t t i n g  emission tests were per -  
formed in order to  quantify the emissions from IFR deck f i t -  
tings not tested in the 20 f t .  dia. t e s t  tank. Also, the 
column well f i t t i ngs  used with each of the IFR's tested in 
the 20 f t .  dia. test tank were also tested on the bench 
scale test  apparatus in order to  correlate the emission data 
from the bench scale tes ta  with that obtained i n  the test tank. 

Appendix E contains a schematic diagram for  each of the 
deck f i t t i n g  tests. 
in each of the diagrams w a s  placed on one of the f ive (5)  
scales, and a themocouple was installed i n  the product t o  
monitor the tea t  temperature. 

The wooden pal le t  and test drum shown 

The f ive scales used in the deck f i t t i n g  tes t s  w e r e  as 
f ollows : 

Scale No, : 1. 2. 3 
Scale Type: Electronic Mechanical 
Manufacturer : Circuits h Systems, Inc. Toledo Scale Corp. 

Range: 0 to  1000 l b m  0 t o  1000 lbm 
Readability: 0.2 lbm f 0.5 lbm 

Model No. : sx-1000 a a o  

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 teats  are  mnmuarized 
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- =  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. 
change values listed in the tables in Appendix E are 
cumulative weight changes referenced to the initial weight 
measurement. 

Table 5.1 also lists the average emission rates in lbmolelyr 
normalized t o  a nominal vapor pressure of 5.00 psia. 
normalization was performed using the same vapor pressure 
function ratio as was used to normalize the Test Tank 
Concentration change readings (see Page 10). 

Note that the weight 

This 
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5._2. Laboratory Evaporation Tests 

5.2.1 -0bj ect ive 

The objective of the Laboratory Evaporation Tests w a s  
t o  determine the evaporation r a t e s  of f lasks  f i l l e d  with 
various l iqu id  hydrocarbons t o  determine if the evapora- 
t ion  r a t e s  followed a systematic pa t te rn  r e l a t ed  t o  the 
vapor pressure and vapor molecular weights of the l i qu id  
hydrocarbons. Each of the f lasks  were t o  be f i t t e d  with 
stoppers equipped with v e r t i c a l  tubes through which the 
evaporated hydrocarbon could diffuse.  
tube was  t o  terminate above.the l i qu id  surface, and in other 
f lasks  the tube w a s  t o  extend below the l i q u i d  surface. 
Both aFngle component and multicomponent hydrocarbon 
l i q u i d s  were t o  be t e s t ed .  

In some f lasks  the 

5.2.2 Test Descriution 
Four separate series of tests were performed: Series 1. 2. 
3 and 4. The bas i c  differences among the t e s t s  involved 
apparatus modifications (see Figures 5.1 and 5.2). Series 
1, 2 and 3 were performed with neoprene closures.  Series 
I was performed with brass  closures because it was d i s -  
covered that neoprene w a s  permeable t o  hydrocarbon vapors. 

- .  

The hydrocarbons w e r e  allowed t o  d i f fuse  upward through 
v e r t i c a l  tubes into the atmosphere. In a l l  cases, the  
apparatus was maintained a t  70'F. (21.1OC) in a cmstant  
temperature bath, and the ambient  conditions were recorded 
dai ly .  The average ambient  conditions were as follows: 
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;=- Series 1-3 (Neoprene Closures) : 

Temperature 76 .9"F  ( 2 4 . 9 " C )  
Relative Eumidity 6 3 . 8 %  
Atmospheric Pressure 750.1 mm. Hg ( 2 9 . 5 2  in. Hp) 

Series  4 (Brass Closures),: 

Temperature 75.8'F ( 2 4 . 3 ' C )  
Relative Humidity 44.2% 
Atmospheric Pressure 748.8 mm Bg (29 .48  in. Hg) 

Throughout the duration of the t e s t s ,  periodic weighlugs 
were made t o  determine the  rate of hydrocarbon loss due t o  
evaporation (diffusion through the  v e r t i c a l  tubes). 

5 . 2 . 3  Test Apparatus 

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

1. Aminco Water Bath ( w i t h  heating. cooling, and cir- 
culat ing capab i l i t i e s )  

2 .  Erlenmeyer Flasks (125 ml. gradujlted capacity) 

3 .  Neoprene Stoppers (#6 and #6#) 

4. Zinc Granules For Flask Ballast (20 mesh) 

5. Reagent Grade Hydrocarbons (n-Pentane. n-Aexane. 
.. n-Heptane. n-Octane: i-Octane. Benzene) 

6. Stainless  Steel Diffusion Tubes (2" x t" O.D. x 11/64" 
1.0. and 4" x t" O.D.-x 3.I./64" I .D. )  

7. Teflon Plugs and Vinyl Tubing Caps 
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:=. The apparatus used during Series 4 was as follows: 
. 1. 

2 .  

3 .  

4. 

5.  

6.  

7. 

8. 

Aminco Water Bath (same as above) 

Erlenmeyer Flasks (24140 Standard Taper Necks, 125 m l .  
graduated capacity) 

Brass Stoppers (24140 Standard Taper) 

Zinc Granules for Flask Ballast ( 2 0  mesh) 

Vinyl Tubing Caps 

Stainless Steel Diffusion Tubes (2-112'' x 114" O.D. x 
0.180" I.D. and 5" x 114" O.D. x 0.180'' I.D.) 

Structural Weld Epoxy (Green), 311 Co. 

Hydrocarbons (n-Hexane. Benzene, Regular Grade Unleaded 
Gasoline, Propaneln-Octane Mixture):. The gasoline had 
an experimentally determined Reid Vapor Pressure of 
11.45 at 100°F and the Propaneln-@ctane 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 .  
w i t h  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) 

Sertes 2 :  Apparatus Type 11 (n-Pentane, n-Hexane, n-Octane. 
and Benzene) 
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Series 3: Apparatus Types I and 111 (Equimolar 
- =  n-Pentaneln-Octane Mixture) 

- 
Series 4: Apparatus Types I and I11 (n-Hexane, 
Benzene, Regular-Unleaded Gasoline, and Propane1 
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 F1: Series 1 (Type I. Neoprene Closures) 
Table F2: Series 2 (Type 11, Neoprene Closures) 
Table F3: Series 3 (Types I and 111, Neoprene Closures) 
Table F4: Series 4 (Types I and 111. Brass Closures) 
Note that the weight change values listed in these tables 
are cumulative weight changes referenced to the initial 
weight measurement. 

In general, the teat 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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Hydrocarbon Apparatus Type 

n-Hexane I 

Diffusion Rate* 
(Ave. Cumulative). 

(GramslDay) 
@ 70.F 
0.126 (28) 

u - 0.0125 
t I11 0.144 (35) 

I 

a - 0.0084 

Benzene 

Gasoline, 
Regular Unleaded 
(RVP - 11.45 at 
LOO'F) 
(TW-7.2 psia) 

Mixture 
PropanefOctane 

I 0.069 (28) 

I11 0.087 (35) 

I 0.295 (21) 

I11 0.228 (35) 

I 0.081 (28) 

u - 0.0056 
u - 0.0100 
a - 0.0349 
- 0.0419 

u - 0.0305 
* Evaporation Rate. Values enclosed by parentheses are 

tha mrmber of results contributing to the Average. 

RVP: Reid Vapor Pressure, psig. 

TVP: Tnre Vapor Pressure. psia. 
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5.3-  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 n o m 1  hexane 
(nC6) vapor. 

A modified version of test procedure ASTM-E96-66 ("Standard 
Test Method for Water Vapor Transmission of Materials in 
Sheet Form") was used. This mdifie? orocec'ure invoixrpd the 
use of an evaooration pan containinn liquid nC6. The material 
be tested was sealed to the mouth of the pan. 
was placed in a controlled temperature and humidity en- 
vironment and periodically weighed. 
rate through the sample edges seal to the pan, control 
samples were used consisting of sheet aluahum samples 
whichweresealed to the mouth of the pan in the same fashion 
as the test material samples. 
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 aC6 vapor. 

The assembly 

To determine the loss 

The average measured l o s s  

Figure 5.3shorrt3 the construction of a typical laboratory 
permeability test assembly. 
assembly consisted of: 

The materials used in this 

1. Evauoration P a n s  

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

2. Test Material Samles 

Polyurethane-coated nylon fabric supplied by McMaster- 
Carr co.. Cat NO. 86. Item NO. 8809~14. 



1 0 1  

ii. 

3 .  

4. 

5. 

6.  

Control Samples 

A l u m i n u m  p l a t e s  1/32 h t h i c k  cut t o  f i t  the mouth of 
the evaporation pan. 

- 

Sample Edge Sealant 

Polysulfide type sealant supplied by P e t r e x  Inc. 

Product Liquid 

Xeagent grade normal hexane 

Samule F i l l  Opening Sealant 

The 3/16 in. d ia .  sample f i l l  opening was  sealed with 
a small cork stopper covered with s t r u c t u r a l  weld 
epoxy supplied by 3M Co. 

A t o t a l  of 5 test rnaterial sample assemblies and 5 control 
sample assemblies were used. 

Each sample ( fabr ic  o r  aluminum) was  sealed t o  the mouth 
of the evaporation pan with a 112 in. bead of polysulphide 
sealant and allowed t o  cure f o r  4 days. After the  sealant 
had cured. each pan was f i l l e d  with normal hexane l iqu id  
through the 3/16 in. dia.  sample f i l l  openings. These 
openings were then plugged with a smell cork stopper and 
each stopper was completely covered with an epoxy seal. 
The completed assemblies were allowed t o  cure f o r  2 addi- 
t ional.days before beg inn in^ the test. 

The'meaeured laboratory permeability test data is 
recorded in Tables G 1  and G2 in Appendix G. Table 5 . 4  
l ists  the t e s t  results. which gave an average n e t  perme- 
a b i l i t y  r a t e  of 0.0522 lbmlft' day t o  nC6 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 accowmodated 
in the test apparatus. The results of these additional 
permeability tests are described in the next section. 

-, 

.. 
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Top View of Test Assembly 

Sample F i l l  
Opening (3/16"f; '. 
Epoxy Sealed 

Saumle Edge 
Sealant 

Evaporath 

Product L i q u i d  

Croee-Sectional View of Test Assembly 

Figure 5.3 Laboratory Permeability Test Assembly 
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5.4 Bench Permeability Tests 

During certain emission tests performed in the test tank, 
some of the roof components (i.e. deck fittings. deck 
seame 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 fabrictoseal all of the roof com- 
ponents. During the tests where all of the roof components 
were sealed (i.e. Test API77 in Phase lR. Test -145 in 
Phase 2, and Test API55 in Phase 3 ) .  there remained residual 
emissions which were suspected to be due to the hydrocarbon 
vapor penneation of the fabric used to seal the roof c0.m- 
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 Ln. thick polyurethane - 

coated nylon fabric used to seal the roof components, 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 12.51. Since these 
earlier tests included benzene product, the permeability 
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 pennea- 
bility tests were p.erformed using the Deck Fittinn Emission 
Test Apparatus, since larger permeability samples could be 
accommodated in this test apparatus. This test apparatus 
is described in Section 5.1. Figures E14. E15 and E16 in 
Appendix E show the test apparatus assembly details as it 
was used during the bench permeability tests. 
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The bench permeability tests are identified as Bench Test 
Nos. 16 through 24. The measured test data is tabulated 
+I 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. 

-i 

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 1bm/ft2 day, and for 100 ft' of seal- 
ing fabric this could result in residual emissions as 
high as 3 lbm/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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Chronological Sequence of Events 
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Figure A1 Calender of Events f o r  August, 1980 
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A2 

Figure A2 Calender of Events f o r  September, 1980 
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Figure A3 Calender of Events for  October, 1980 
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Figure Ab Calender of Events for November, 1980 
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F i e r e  A5 Calender o f  Events for December. 1986 
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Figure A6 Calender of Events for J m r y .  1981 
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Figure A7 Calender of Events f o r  Februarp, 1981 
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Figure A9 Calender of Events for April, 1981 
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Figure A10 Calender of Events for May, 1981 
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Figure A l l  Calender of Events f o r  June, 1981 
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Figure A12 Calender of Events for July, 1981 
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Figure A13 Calender of  Events for August. 1981 
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Figure  A14 Calender of Events for September, 1981 
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APPENDIX c 

Vapor Space Velocity Surveys 
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Vapor Space Velocity Surveys 

This appendix summarizes the results of velocity s w e y s  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 Types 1 through 4. 
these surveys to better understand the air f l o w  patterns caused 
by each of the types of air flow distribution. 
intended to compare these air flow patterns and local velocities 
with those measured on field tanks to help relate the test tank 
results to field tanks. 

It was the purpose of 

Also, it was 

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 m i l h r  for the Type 1 air flow distribution). 

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

As shown on Figure C1, 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.frm the center of the tank. A series of eighty radial 
lines were utilized in establishing the locations of the measure- 
ment point positions. Utilizing this method, poeitions were 
located on four rings. identified as Rlrqzs A, B, C, and D on 
Figure C1. 
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It was decided, however, t o  perform a i r  speed and d i rec t ion  
measurements a t  only half  of these posi t ions,  with the thought 
that  additional a i r  speed and direct ion measurements could be 
performed a t  the  other locations l a t e r ,  i f  necessary. 

To determine the a i r  speed a t  a p a r t i c u l a r  locat ion,  an a i r  
speed probe w a s  mounted on a spec ia l  stand, which was  placed 
a t  the measurement posit ion.  Also mounted on t h i s  stand was a 
protractor  and a v e r t i c a l l y  hanging fine thread which was posi- 
tioned by the a i r  flow in the d i rec t ion  of a i r  movement a t  the 
measurement location. For each measurement. the a i r  speed probe 
w a s  rotated until a maximum reading w a s  obtained, which occurred 
in the direction indicated by the deflected thread. 
of a i r  movement w a s  referenced t o  due North, which was i den t i f i ed  
as  0 degrees. 

The d i rec t ion  

A i r  Sveed Instrumentation 

The instrument which  was u t i l i z e d  t o  sense the air  speed was an 
Alnor Type 8500 Them-Anemometer a i r  speed measuring instrument. 
This instrument is  especial ly  designed t o  measure the  speed of 
slowly moving a i r  o r  gas. 

The instrument u t i l i z e s  a heated thermocouple in a Type 1520 
Probe. The probe i s  attached t o  a ba t te ry  powered indicator  
through a f i v e  foot  long extension cable. The indicator  has 
two scales: 10 through 300 f t lmin (0.114 through 3.41 milhr) 
and 100 through 2.000 ft lmin (1.16 through 22.7 milhr). 
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Test Results 

Tables C1 through C5 contain the tabulated measurements, where 
both the  a i r  speed and d i rec t ion  a t  each locat ion a re  l i s t e d .  

Figures C2 through CS indicate  the a i r  flow pa t te rn  f o r  each 
of the four a i r  d i s t r ibu t ion  types. A t  some locations,  it was 
not possible t o  determine the exact direct ion of a i r  movement 
since a t  t h a t  pa r t i cu la r  measuring location the reading of a i r  
movement d i rec t ion  appeared t o  be.too var iable .  This probably 
indicated the presence of a l o c a l  turbulence eddy a t  the measur- 
ing location. 
indicate  the a i r  inlet and o u t l e t  plenum opening conditions which 
were present dur ing  each of the veloci ty  surveys. 

Figures C2 through C5 a l so  

Figures C6 through C9 show the veloci ty  p r o f i l e  on both the : 
inlet and o u t l e t  s ide  of the  tank fo r  a i r  d i s t r ibu t ion  Types L. 
and 2 a t  the measuring locations which w e r e  4 f t .  6 f t ,  and 8 f t  
from the center of the  tank. 

Observations 

The lowest veloci ty  which could be measured with the  anemometer 
was approximately 0 .1  milhr. A t  this a i r  veloci ty ,  the air 
movement is so low that it does not  even d i s t u r b  the ve r t i ca l ly  
hanging f i n e  thread which waa used t o  indicate  a i r  flow 
direction. 

It should be noted, t ha t  when measurements were taken above the 
seal f o r  a i r  d is t r ibu t ion  Type 1. a l l  measurements were less 
than 011 milhr. 

In a i r  d i s t r i b u t i o n  Types 2 through 4. where the a i r  was 
forced t o  flow through only a few of the plenum openings, it was 
possible t o  measure an a i r  speed a t  the locations above the seal .  
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It shoula be noted, however, t h a t  in these a i r  d i s t r ibu t ion  
types the a i r  speed a t  which the  a i r  exited the i n l e t  a i r  
plenum openings were s ign i f icant ly  higher than those measured 
in Type 1. 
expected tha t  more disturbance of the a i r  present i n  the vapor 
space above the in t e rna l  f l oa t ing  roof would take place. 
Also, t h i s  leve l  of turbulence might be expected t o  a f f e c t  the 
air speed j u s t  above the seal. 

With these higher i n l e t  a i r  speeds, it should be 

Although fo r  an actual 20 f t .  diameter IFR tank one would 
probably have only four s h e l l  vents. it should be n&ted that 
one should be t rying t o  a i m l a t e  the  type of a i r  d i s t r ibu t ion  
which would be expected t o  occur in the broad population of 
IFR tanks, where f o r  la rger  tank diameters a more uniform d i s -  
t r i bu t ion  of inlet a i r  f low takes place. It would thus seem 
that the  air  d i s t r ibu t ion  pa t te rn  which occurs in Type 1 is 
more indicat ive of t h i s  broad population of IFR tanks. 



2:- . . .  

I .  



o m m s o o m o s m  
nnnnuunnrun 

, 



.. -. 

onanoanonon 
O N N r d O O L O N N  
N N N N N N r - N N N  

nonrnnnoooo 
d & d d & N N C m O O  

dd 

e m r o r m n o n n o  
N N N N N N O m a N O  



a 
bl 
bl 
P 
(I 

I . 
c 
I 

! 
I 



.. . 

ononoononcc m m r n n O n r - G m e  
H d W N N N W N N N C  

o n o o n n n n o o m  m m G - i m r r - o o m  
O d N N N N N N N O N  

n s:: c 
Id  I d  I I I , Id  I 

x o n  a~ 
I d 1  I I I I L C I I  



. -. 



! 

0 

.tN I I I 1  I I I N  
n 0 n 

U 
r 

d ,  I I I I I I C  

0 * 

0 1 

, d ,  I I I I I I. 
W 

. .  



_.. . 
CU 

.. -. 

.I 
C 

r 
E : 

nnnnnnnnno 
*dd*.l..d*dd 

Y 

nnnnoannon 
o m m . . n n n o ~ ~  
L1L1YnNYnNNL*NN 

a o o m o m O n 0 0  
D a * r. * *I a 0 4 01 * 

m. 
.I 



i i 



c15 

ii 

Inkt 

Figure c1 
Velocity Survey 

Measurement Locations 

Plan View Of I F R 
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Figure C2 - 

Veloc i ty  Survey For 
A i r  D is t r ibu t ion  - Type 1 

t 

Plan View Of I F R 
A i r  Flow Rate =525  ~ c f m  
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Figure C 3  

Air  Distr ibution - Type 2 
- =  Velocity Survey For 

Plan View Of IF R 

Air Flow Rate = 525 scfm 



Figure c4 
Velocity Survey For 

A i r  Distr ibut ion - Type 3 

Plan View Of I F  R 
Air Flow Rate =525 sCfm 



Figure c5 
Velocity Survey For 

A i r  Distr ibut ion - TYPQ 4 

Plan View Of I F R 
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For Air Distribution Type 2 
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APPENDIX D 

Product Composition and Vapor Pressure Data 
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TABLE D - 1  SUMMARY OF PRODUCT COMPOSITION ANI) VAPOR PRESSURE D2 

Sample Date 
Sample Time 

9-22-80 9-24-80 9-30-80 10-02-80 10-08-80 
0730 0800 1430 0900 1500 

le 8 )  

o .  nonn 
1.0560 

16.6248 
0 .  0gc1q 

0.0273 
0.6749 

15.9849 
65.5345 

ipor Composition, (F 

0.0000 0.0086 
0.6090 1.5656 

11.3025 17.4649 
0.0770 n. 1067 
0.0184 0.0343 
0.6657 0.5102 

17.2479 15.4245 
70.0795 64 .a852 

Measur 

0.0214 
2.0328 

17.5513 
0.1014 
0.0266 
0.6001 

15.8552 
63.8082 

1 Product 

0.0149 
1.8774 

16.8137 
0.0898 
0.0206 
0.5439 

15.4477 
55.1920 

Component 

. Methane 
Ethan0 
Propane 

i-Butane 
n-Butane 
n 4 c t a n e  

O x M a n  
N i t r o g e n  

Total .oo. 0000 - .oo. 0000 I loo. nooo I LOO. 0000 LOO.  0000 

Calculated Product Liauid Conwsition. (mole 0) CamW nent 

Methane 
E t h a n 0  
Propane 

i-ButMe 
n-Butane 
n-Octane 

0.0001 
0.0923 
3.2912 
0.0610 
0.0246 

96.5308 

0.0001 
0.0882 
3.3003 
0.0571 
0.0202 

b6.5340 

0.0000 
0.0268 
2.0363 
0.0442 
0.0162 

97.8765 

0.0000 
0.6747 
3.5096 
0.0698 
0.0347 

96.3112 

o .  onoo 
o.n4h') 
2.9855 
6.0552 
0.0243 

96.8883 

I 1 I I 

000 100.0000 

Calculated Product vapor Pressure, (psia) 
-. 

T o t a l  

Tcmp., i*P) 

30 
4Q 
SO 
60 
70 
80 
90 
100 

2.590 
3.026 
3.513 
4.056 
4.658 
5.325 
6.061 
6.873 

2.583 
3.018 
3.504 
4.047 
4.648 
5.315 
6.050 
6.861 

1.539 
1.810 
2.116 
2,461 
2.847 

3.769 
4.313 

3.282 

2.687 
3.143 
3.652 
4.218 
4.848 
5.544 
6.313 
7.159 

2.245 
2.631 

3.546 
4.084 
4.682 
5.345 

3.063 

6.  07a 

API 3.4 
- 

Test No: 
Notear 

PI 1.2 API  1.2 I API 3.4 API 1.2  
r 1 1  



T A B U  D-1 SUMMARY OF PRODUCT COMPOSITION AND VAPOR PRESSURE 

Sample Date 
sample Time 

Component 

Methane 
E t h a n e  
Propane 

i-Butane 
n-Butane 
ndctane  

O W =  
loitmgen 

Total 

Component 

Methane 
E t h a n 0  
propane 

I-Butana 
n-mtane 
n-Octane 

Total 

Temp., PPI 

30. 
40 
SO 
60 
70 
80 
90 

100 

rest No: 
Notear 

(continued) D3 

10-10-80 ,10-13-80 10-15-80 10-17-80 10-20-80 
1245 1430 1025 1045 1125 

Measur 

0.0054 
1.4538 

20.8684 
0.1169 
0.0326 
0.8561 

14.7393 
61.9275 

100.0000 - 

1 Product 

0.0000 
0.9520 

is. 0539 

0.0286 
0.1062 

0.7442 
14.9765 
65.1386 

.oo. 0000 

Calculated Product 

0.0000 0 .0000 

0.0594 0.0408 
3.3725 3.1086 
0.0586 0,0574 

96.4847 96.7696 

spor Composition, (mole %) 

0.0014 0.0000 0.0009 

17.6800 17.7748 19.1074 
0.1054 0.1049 0.1041 
0.0297, 0.0277 0.0293 
0.6509 0.5419 0.6298 

15.4173 15.3064 14.5467 
65.0034 65.2193 64.3050 

1.1119 1.0250 1.2768 

100.0000 100.0000 100.0000 

Liquid Conposition, (mole %) 

0.0000 0.0000 0.0000 

0.0496 0.0479 
3.2177 3.4721 
0.0610 0.0664 
0.0264 0.0271 

96.6453 96.3865 

0.0574 
3.5197 

0.0293 
96.3323 

0.11612 

2.546 

3.466 
4.007 
4.608 
5.275 
6.011 

2.980 

6. a23 

API 5 

2.312 
2.709 
3.155 
3.653 
4.208 

5.505 
6.259 

4.823 

API 5 

2.413 2.582 
2.826 . 3,023 
3.289 3. 518 
3.805 4.069 
4.380 4.681 
5 .  oia 5.360 
5.723 6.110 
6.502 6.936 

API 6.7 API’6.7 

2.642 
3.092 
3 3 9 6  
4.157 
4.780 
5.471 
6.233 
7.072 - 

API 8 
I r11 I 



TABLE D-1 SUMHARY OF PRODUCT COMPOSITION AND VAPOR PRESSURE b4 

S w l e  Date I Sdmple. Time 
Component 

Methane 
Ethan0 
Propans 

i-Butane 
n-Butane 
n-0ctane 

N i t r o g e n  

I Total 
1 Component 

Test No: t Notesr 

( con t hued ) 

10-22-80 10-28-80 10-29-80 10-31-80 11-03-80 
1000 1040 1500 1030 1020 

Measured Product Vapor Composition, (mole $1 

0.0000 
1.2071 
16.7321 
0.0822 
0.0249 
0.5279 
15.0265 
66.3993 

0.0000 
0.0593 
2.0649 
0.0295 
0.0115 
0.4686 
19.4209 
77.9453 

Calculated Product 

0.0000 0.0000 
0.0576 0.0029 
3.3438 0.4377 
0.0533 0.0206 

96.5204 99.5262 

0.0000 
0.0505 
1.8000 
0.0241 
0.0121 
0.4418 
20.0213 
77.6502 

0.0000 
0.0573 
1.5819 
0.0259 
0.0128 
0.4096 
19.9152 
77.9973 

0.0000 

1.4257 

0.0112 
0.7064 
19.7056 
78.0817 

0.0441 

0.17253 

I I 

100.0000 100.0000 100.0000 

Liquid Composition, ( d e  %) 

0.0000 0.0000 0.0000 
0.0025 O.OO30 0.0019 
0.3904 0.3545 0.2519 
0.0173 0.0193 0.0142 
0.0136 0.0150 0.0096 
99.5761 99.6082 99.7224 

__ 

Calculated Product Vapor Pressure, (psia) 

2.520 
2.950 
3.431 
3.967 
4.563 
5.224 
5.954 
6.760 

API 8 

0.378 
0.459 
0.556 
0.671 

0.973 
1.169 
1.401 

0.809 

API 9-12 

0.345 0.322 
0.420 0.394 
0.510 0.480 
0.619 0.584 
0.749 0.709 
0.905 0.860 
1.093 1.042 
1.316 1.259 A- API 9-12 API 9-12 

0.248 
0.307 
0.379 

. 0.668 
0.577 
0.711 

1.071 
0.873 - 

API 9-12 



TA3I.E D-1 SUMMARY OF PRODUCT COMPOSITION AM) VAPOR PRESSURE D5 

Sample Date 
Sample T h e  

component 

Methane 
E t h a n 0  
Propane 

i-Butane 
n-Butane 
n-Octane 

O W -  
N i t m g e n  

Total 

Cornpa neat 

Methane 
Ethane 
propane 

I-BUtMe 
n-Butane 
n-<)ctane 

Total 

Temp., C O P )  

30 
40 
so 
60 
70 
80 
90 
100 

rest NO: I Notest 

(continued) 

11-05-80 11-07-80 11-18-80 11-21-80 11-24-8n 
1100 0900 1155 1015 1245 

Measured Product 

0.0000 
0.0368 
1.3004 
0.0070 
0.0032 
0.6702 
19.6943 
78.2881 

100.0000 

0.0000 
0.0391 
1.2577 
0.0240 
0.0094 
0.5599 
19.6497 
78.4602 

apor Composition, (mole a)  

0.0000 0.0000 0 * 0000 
0.0363 0.0348 0.0269 
0.0499 0.0282 0.0285 
0.0000 0.0000 0.0000 
0.0000 0.0000 
0.6675 0.5569 
19.8208 19.8930 
79.4255 79.4871 

0.0090 
0.6886 
19.1496 
80.1064 

I I 

100.0000 100.0000 100.0000 

Calculated Product 

0.0000 0.0000 

0.2358 0.2433 
0.0040 0.0151 

99.7558 99.73 07 

0.0016 0. ooia 

Liquid Conpasition, (mole 8 )  

n. oooo 0.0000 0.0000 
0.0016 0.0016 0.0012 
n .oogi 0.0056 0.0051 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 

99.9893 99.9928 99.9937 

I 

.oooo 100.0 

Calculated Product Vapor Pressure, (psia) 

0.233 
0.289 
0.359 
0.445 
0.551 
0.680 
0.839 
1.032 

API 9-12 

0.242 
0.300 
0.371 
0.459 

0 .'699 
0.860 
1.056 

API 9-12 
[11  

0.567 

0.078 0.075 
0.108 0.105 
0.149 0.146 
0.204 0.200 
0.276 0.271 
0.368 0.363 
0.487 0.481 

I 

0.074 
0.104 
0.144 
0.198 
0.269 
0.361 
0.479 
0.628 
__;_ 
API 13,l 



TABLE D - 1  SUMMARY OF PRODUCT C O ~ O S I T I O N  AISD W O R  PRESSURE D6 
(cont inued)  

S e p l e  Date 
Sample Time 

-. 

Component 

Methane 
E t h a n 0  
Propane 

i-Butane 
n-Butane 
n-Octane 

ui-en 

Total 

component 

Methane 
EthaaO 
Propane 

i-Butane 
n-Butane 
n-Octane 

T o t a l  

Temp., i.4) 

- 30 
1 40 

so 
60 
70 
00  
90 
100 

rest No: 
Notes: 

12-01-80 12-03-80 12-05-80 12-08-80 12-10-80 
0930 0930 0940 1225 0900 

Measux 

0.0044 
1.9631 

18.9462 
0.0570 
0.0059 
0.7312 

15.1109 
63.1813 

,d Produc t  Vapor comp 

0.0000 0.0000 
1.6521 1.9555 

18.0954 23.4113 
0.0575 0.0790 
0.0111 0.0152 
0.7614 0.5973 

15.3239 14.5092 
59.4352 

s i t i o n ,  (I 

0.0000 
1.8527 

22.1691 
0.0761 
0.0145 
0.6375 

16.7969 
58.4532 

Calculated Product Liquid COY 

0.0000 0.0000 0.0000 
0.0842 0.0710 0.0893 
3.2760 3.1120 4.4078 
0.0310 0,0309 0.0476 
0.0049 . 0.0091 0.0141 

96.6039 96.7770 95.4412 

aaosition. 

0.0000 
0.0828 
4.0583 
0.0444 
0.0130 

95.8015 

I I 

00 100.0000 - 
Calculated Produc t  V a p o r  P re s su re ,  (ps: 

2.545 
2.975 
3.455 
3.990 
4.584 
5.24'2 
5.969 

6.770 

2.395 
2.802 
3.257 
3.764 
4.329 
4.955 
5.648 

6.412 

3 -332 
3 .a93 
4.518 
5.212 
5.980 
6.827 
7.757 
8.776 

LPI 15.16 API 15.16 

3.075 
3.594 
4.173 
4.816 
5.528 
6.315 
7.180 

8.130 

P I  17-19, 
r11 

.e a) 

0.0000 
1.8912 

22.3659 
0.0718 
0.0103 
0.5906 

14.6282 
60.4420 

100.0000 

lole a) 

0.0000 
0.0868 
4.2386 
0.0436 
0.0096 

95.6214 

00.0000 - 
3.209 
3.749 
4.352 
5.021 
5.762 
6.579 
7.478 

8.463 
~ 

hP1 17-191 



T A B U  D-1 SUMMARY 0% PRODUCT COMPOSITION AND W O R  PRESSURE 
( continued) D7 

12- 12-80 1-28-81 1-30-81 2-02-81 2-18-81 
1200 1000 0945 0950 ogno 

s a m p k  Date 
Sample T h e  

Component 

Methane 
E t h a n 8  
Propane 

i-But-0 
n-Butane 
n4ctane 
oxyg- 
N l t m g -  

Total 

Total 

Temp., 13) 

30 
40 
so 
60 
70 
80 
90 

100 

Tes't NO: 
Notasi 

Measured Product 

0.0000 0.0000 

22.4517 11.9935 

0.0213 0.0136 
0.5987 0.6399 

60.1824 69.2716 

1.7702 I. 6008 

0.0851 0. 0826 

14.8906 16.3980 

100.0000 100.0000 

ipor Composition, (mole %) 

0.0000 0.0000 0.0000 
1.1630 1.2636 2.1664 

25.4810 22.3220 35.6394 
0.1620 0.0962 0.0962 

0.0166 0.0172 0.0230 
0.8535 0.7900 0.6554 f 

14.7123 17.4473 12.2886 
57.6774 58.0637 49.0652 

~~~~ ~ ~~ 

loo. oooo T loo .  oooo I loo. oooo 

Calculated Product Liquid Composition, 

0.0000 0.0000 n. oooo 0.0000 
0.0803 0.0717 0. 0484 0.0530 
4.2023 2.2012 4.1746 3.7322 
0.0511 0.. 0484 0.0487 0.0502 
0.0196 . 0.0122 0.0127 0.0137 

95.6467 97.6665 95.7156 96.1509 

(mole 8 )  

0.0000 
0.0957 

0.0921 
0.0200 

6.4068 r 93.3854 

ioo.oooo I ioo.oooo I 100.oooo I ioo.0000 1ioo.oono 

Calculated Product vapor Pressure, (psla) 

3.168 1.783 3.055 2.768 4.717 
3.703 2.087 3.575 3.240 5.510 
4.300 2.430 4.157 3.768 6.391 
4.962 2.813 4. 803 4.355 7.367 

6.505 3.722 6.311 5.728 9.622 
7.396 4.257 7.182 6.524 10.912 
8.373 6.852 a .  139 7.400 12.319 

API 17-19! API 21 API 22 APT. 22 API 23-2: 
r21 

5.696 3.243 5.519 5.007 8.442 

- 



TABIS D - 1  SUMMARY OF PRODUCT COHPOSITION AND W O R  PRESSURE D8 
(continued) 

S m l e  Date 
S a m p l e  Time 

C o m p o n e n t  

Methane 
E t h a n 0  
P r o p a n e  

i - B U t a n e  
n-Butane 
n-octana 

Oxygen 
Nitrogen 

Total 

Cornpanant 

Methane 
Ethan0 
Propane 

f - B U t a 8 e  
n - B u t a n e  
n-tano 

Total 

Tamp., igP) 

. 30 
40 . 

so 
60 
70 
80 
90 

100 

Feet .  No: 
Notesr 

2-20-81 2-25-81 2-27-81 3-04-81 3-06-81 
0900 0700 0755 0735 0930 

Measured P r o d u c t  Vapor Composition, ( m o l e  %) 

0.0000 
0.1595 

0.1157 
0.0167' 
0.6204 

32.225 18.2265 4 0.000 
2.196 

0.170 
0.024 
0.604 

0.0000 
0.0336 
10.9705 
0.0881 
0.0096 
0.5843 
20.5853 
67.7286 

100.0000 

0.0000 
0.0144 
2.7642 
0.0490 
0.0058 
0.6003 
20.1337 
76.4326 

100.0000 

Calculated Product 

5.998 3.3896 
0.101 0.0687 

0 .  ooon 

2.7859 
0.0193 

0.0561 
0.0105 
0.6494 
20.7094 
75.7694 

00.0000 

Liquid Conposition, (mole 8 )  

0.0000 0.0000 0.0000 
0.0016 0.0007 0.0009 
2.1011 0.5229 0.5106 
0.0543 0.0298 0.0329 
0.0091 0.0054 0.0094 

97.8339 99.4412 99.4462 

I I I 1 

ioo.oooo ioo.oooo 100.oooo ino.oooo 100.oooo 
I 1 -- 

Calculated Product Vapor  Pressure, (pais) 

I 
4.453 2.406 
5.201 2.824 
6.032 3.294 
6.953 3.818 
7.969 4.402 
9.084 5 * 050 
10.304 5.767 
11.635 6.560 

API 23-25 API 26A 
r21 I 

I 1 

1.511 0.431 

2.086 0.627 
2.430 0.754 
2.817 0.903 
3.252 1.081 
3.740 1.291 
4.286 1.539 

1.781 n. 521 

API 26B API 27-28 

0.424 
0.513 
0.618 
0.743 
0.892 
1.068 
1.276 
1.532 

API 27-2E 



sample Date 
sample Time 

TABLE D - 1  SUMMARY OF PRODUCT COMPOSITION AND VAPOR PRESSURE 
(continued) D9 

3-09-81 3-12-81 3-16-81 3-23-81 3-26-81 
0900 0905 1000 

5 1  0920 

Component 

Methane 
Ethane 
Propane 

i-BUt-8 
n-Butane 
n-0ct-e 

Oxygen 
Nitrogen 

Total 

Cornpanant 

Methane 
Ethane 
Propane 

f-Butane 
n-Butane 
n-0ctane 

Total 

Tamp., (9) 

30 
40 
so 
60 
70 
a0 
90 
100 

res t  No: 
Notes: 

Measur1 

0.0000 
0.0126 
2.7162 
0.0530 
0.0067 
0.6669 

20.4902 
76.0544 

100.0000 
I 

! Product 

0.0000 
0.0132 
0.1438 
0.0132 
0.0048 
0.5189 

21.3368 
77.9693 

100.0000 

Calculated Product 

0.0000 
0.0006 
0.4970 
0.0308 
0.0060 

99.4655 

0.0000 
0.0006 
0.0290 
0.0087 

. 0.0049 
99.9567 

apor Composition, (n 

0.0000 0.0000 
0.0176 0.6251 
0.1116 0 .0965  
0.0118 0.0065 
0.0032 O.OrI08 
0.5580 0 3 4 9 8  

20.7711 20.1181 
78.5267 79.2032 

100.0000 100.0000 

L i q u i d  Composition, (mole a) 
0.0000 0.0000 
0.0008 0.0012 n-Hexane 
0.0219 0.0190 ~00.0000 
0.0075 0.0042 
0.0032 0.0008 

99.9666 99.9748 

0 100.0000 100.0000 

calculated Product Vapor Pressure, (psia) 

0.413 
0.500 
0.603 
0.726 
0.872 
1.046 
1.252 
1.494 

API 27.21 

0.091 
0.124 
0.168 
0.225 
0.300 
0.396 
0.519 
0.673 

API 29-31 

0.086 0.083 
0.118 0.115 
0.161 0.157 
0.218 0.213 
0.291 0.286 

0.504 0.501 
0.661 .O .653 

API 29-31) API 29-3 

0.387 0.38n 

0.873 
1.162 
1.527 
1.980 
2.540 
3.224 
4.051 
5.047 - 

L API 32- 
[31 



T A X 3  D - 1  SUMMARY OF PRODUCT COMPOSITION AND VAPOR PReSSURE 
(continued) D10 

Sm@e Date 
Sample T h e  

Component 

Methane 
E t h a n 0  
Propane 

i-Butalle 
n-Butane 
n-Octane 

N i t m g a n  

I Total 

Component 

Methane 
Ethan0 
Propane 

i-Butane 
n-Butane 
n-Octane 

Total 

Temp., C O P )  

30 
40 
so 
60 
70 
80 
90 
100 

Test No: I Notest 

4-20-81 4-22-81 4-28-81 4-29-81 4-30-81 
2030 I 2030 . I 1200 I 1900 I 1930 

Measured Product Vapor Composition, (I 

0.0000 
0.7795 

15.5691 
0.0790 
0.0487 
0.5714 

17.4508 
65.5015 

0.0000 
0.8340 

15.93 58 

0.0603 
0.6210 

17.6060 
64.8542 

0.0887 

0.0000 
1.4533 

21.7928 
0.1075 
0.0550 
0.7755 

15.2738 
60.5421 

I 

100.0000 100.0000 100.0000 

Calculated Product 

0.0000 
0.0360 
2.9919 
0.0490 
0.0466 

96 .a766 

0.0000 
0.0374 
2.9401 
0,. 0524 

96.9155 
. 0.0548 

0.0000 
1.3569 

20.7359 
0.1119 
0.0622 
0.5914 

16.3982 
60.7435 

100.0000 

.e %) 

0.0037 
1.4454 

21.0132 
0.1054 
0.575 
0.5600 

14.4532 
62.3616 

00.0000 

Liquid Conposition, (mole a)  

0.0000 0 .  nooo 0.9000 
0.0610 0.0619 0.0670 
3.6565 3.9102 ~ 4.0533 
0.0565 0.0677 0.0656 

0.0552 0.0441 0.0580 
96.1820 95.9023 95.7590 

LOO. 0000 I 100.0000 I 100.0000 I 100.0000 ~100.0000 

Calculated Product Vapor Pressure, (psia) 

2.220 
2.603 
3.033 
3.513 
4.049 
4.645 
5.305 
6.035 

4pI 35-39 

2.191 
2.569 
2.993 
3.467 
3.996 
4.584 
5.237 
5.959 

91 35-39 

2.745 
3.212 
3.735 
4.316 
4.962 
5.676 
6.464 
7.331 

2.393 
2.801 
3.258 
3.768 
4.335 
4.965 
5.662 
6.431 

3.059 
3.578 
4.157 
4.801 
5.515 
6.303 
7.171 
8.124 

PI 39-49 API 39-49 API 39-49. 
[41 [41 [41  



TULE D - 1  SUMMARY OF PRODUCT COMPOSITION AND VAPOR PRESSURE 
(continued) n11 

Component 

Methane 
Ethane 
Propane 

i-Butane 
n-Butane 
n-Octane 

OXYga 
Iii-ell 

Total 

Component 

Methane 
E t h a n 0  
Propane 

i - B U t a n e  
n-Butane 
n-Octane 

T o t a l  

Temp., C O P )  

30 
4 a 
50 
60 
70 
80 
90 
100 

Test Uo: 
Notesr 

5-06-81 5-07-81 5-01-81 5-04-81 5-05-81 
1445 I 1600 I 1700 I 1730 I 1500 I 
Measured Product Vapor Compc 

0.0000 0.0000 0.0000 
1.4484 1 ..3548 1.3570 

20.9201 20.5292 20.2459 
0.1090 0.1075 0.1077 
0.0567 0.0561 0.0631 
0.5702 0.7909 0.6477 

15.6789 15.7921 15.5844 
61.2167 61.3694 61.9942 

100.0000 100.0000 100.0000 

i t ion ,  (m 

0.0000 
1.4355 

20.8412 
0.1110 
0.0542 
0.7126 

15.0131 
61.8324 

100.0000 

Calculated Product Liquid Conpo~iti~n, 

0.0000.  0.0000 0.0000 0.0000 
0.0671 0.0557 0.0605 0.0624 
4.0194 3.4257 3.6851 3.6546 
0.0674 0,0560 0.0624 0.0613 
0.0541 . 0.0446 0.0561 0.0458 

95.7920 96.4181 96.1360 96.1760 

100.0000 100.0000 

Calculated Product Vapor Pressure, (ps i  

3.013 
3.524 
4.096 
4.730 
5.434 
6.211 
7.067 
8.007 

PI 39-49 
t41  

- 

2.576 
3.015 
3.508 
4.055 
4.665 
5.339 
6.085 
6.097 

API 39-49 
- 

[41  

0.0000 
1.4357 

20.3589 
0.1093 
0.0620 
0.5827 

15.4376 
62.0138 

.oo. 0000 

lola t) 

~ 0 . 0 0 0 0  
0.0663 
3.8877 
0.0670 
0.0586 

95.9205 

.oo. 0000 - 
2.766 2.749 2.922 
3.237 ' 3.217 3.418 
3.764 3.740 3.973 
4.349 4.322 4.588 
5.000 4.968 5.272 
5.720 5.683 6.028 
6.514 6.472 6.681 
7.387 7.340 7.776 

LPI 39-49 API 39-49 API 39-4( 
141 r41 [ & I  



TMLE D-1 SUMMARY OF PRODUCT COHPOSITION ANI, VAPOR PRESSURE D12 

Sample Date 
S k p l e  Time 

Component 

Methane 
E t h a n 0  
pmpane 

i-Butirne 
n-Butane 
n-Octane 

OXYg- 
Nitrogen 

Total 

Component 

Methane 
E t h a n 0  
Propane 

i-Butane 
n-Butane 
n-Octane 

T o t a l  

Temp., Cop) 

- 30 
40 
so , 

60 
70 
80 
90 
100 

rest No: 
Notesr 

(continued) 

5-11-81 5-12-81 5-13-81 5-14-81 5-15-81 
1700 1700 2000 1945 1845 

Measur 

0.0000 
1.4359 
20.8368 
0.1083 
0.0535 
0.5134 
14.8258 
62.2263 

100.0000 - 

Product 

0.0000 
1.4292 
20.9769 
0.1104 
0.0654 
0.5216 
14.3533 
62.5441 

lapor Comp 

0.0000 
1.3691 
20.1396 
0.1086 
0.0575 
0.5753 
15.5691 
62.1808 

i t ion ,  (mole %) 

0.0000 0.0000 
1.3545 1.3430 
20.2730 19.9480 
0.1100 0.1071 
0.0622 0.0564 
0.7457 0.7314 
15.5880 15.9400 T 61.8666 61.8740 

I I 

100.0000 100.0000 100.0000 160.0000 

Calculated Product Liauid Cox 

0.0000 0.0000 0.0000 
0.0687 0.0681 0.0632 
4.1866 4.1881 3.8512 
0.0707 0,. 0715 0.0668 
0.0541 . 0.0656 0.0546 

95.6200 95.6067 95.9642 

meition, (mole %) 

0.0577 0.0577 
3.4719 3.4513 
0.0592 0.0583 
0.0511 0.0469 

I 

.oooo 100.0000 

Calculated Product Vapor Pressure, (psia) 

3.132 
3.663 
4.256 
4.914 
5.644 
6.449 ' 

7.335 

3.133 
3.664 
4. 258 
4.916 
5.646 
6.452 
7.340 

2.877 
3.365 
3.912 
4.518 
5.192 
5.936 
6.756 

2.612 
3.057 
3.556 
4,111 
4.720 
5.411 
6.166 

2.597 
3.040 
3.536 
4.088 
4.702 
5.381 

I 6.132 
I 6.959 

49 IAPI 39-49 



D13 T A X 3  0-1 SUMMARY OF PRODUCT COMPOSITION ANTI W O R  PRESSURE 

sample Date 
smpie  be 

Component 

Methane 
E t h a n 0  
Propane 

i-Butane 
n-Butane 
n-Octane 

O W -  
N i t m g a n  

Total 

Component 

Methane 
Ethan0 
Propane 

I'BUtan8 
n-Butane 
n-Octane 

Temp., i.4) . 

30 
40 
so 
60 
70 
80 
90 
100 

rest No: 
btesr 

(continued) 

5-16-81 4-27-82 5-20-81 6-25-81 7-01-61 
1500 5-€8-81 1930 0840 1045 

Measured Product 

O.O@OO 0.0003 
1.3290 1.3961 
L9.9698 20.6129 
0.1092 0.1087 
0.0630 
0.8355 
16.2065 
51.4870 

IO. 0000 

Vapor composition, (mole 8 )  

0.0000 0.0000 0 .  ooon 
0.0400 1.2517 1.1461 
0.8085 16.3649 16.0835 
0.0168 0.0808 0.0753 

0.0589 0.0189 
0.6539 0.6416 
15.4367 20.3448 
61.7324 78.1294 

0.0298 0.0303 
0.5141 0.5108 

Calcala 

0.0000 
0.0550 
3.2736 
0.0556 
0.0488 
36.5671 

DO. 0000 . 

d Product Liquid Cor 

0.0000 0.0000 
0.0627 O.OOl8 
3.7690 0.1497 
0,0631 0.0099 
0.0524 0.0172 

>asition, 

0.0000 
0.0601 
3.2986 

0.0302 
96.5581 

0.0.530 

(mole 8 )  

- 0.0000 
0.0551 
3.2517 
0.0496 
0.0309 

96.6127 

I 

100.0000 100.0000 100.0000 
1 - 1 - 

Calculated Product Vapor Pressure, (psia)  

2.468 
2.890 
3.363 
3.889 

2.829 0.178 
3.310 0.225 
3.848 0.285 
4.446 0.360 

2.497 2.450 
2.923 2.869 
3.400 3.338 
3.930 3.860 

4.475 5.110 0.454 4.521 4.441 
5.124 5.844 0.571 5.176 5.086 
5.843 6.654 0.716 5.899 5.799 
6.635 7.544 0.895 6.697 6.586 
U I  39-49 API 39-49 API 50.51 API 52-61 * M I  52-61 

I41 t51 



~ 

TABLE D - 1  SUMMARY 0% PRODUCT COMPOSITION ANn VAPOR PRESSURE 

Sample Date 
Sainple Time 

Component 

Methane 
Ethan0 
Propane 

i-BUtMe 
n-Butane 
n-0ctane 

N i t m g a n  

Total 

Total 

Temp., C O P )  

30 
. 40 

so 
60 
70 
80 
90 
100 

rest No: 
Notesr 

(continued) d14 

7-10-81 7-13-81 7-17-81 7-20-81 7-21-81 
0930 09 20 09 20 1235 1000 

Measured Product Vapor Composition. (mole a)  

0.0000 
1.1016 
15.8834 
0.0818 
0.0317 
0.5131 
16.8470 
55.5414 

0.0000 
1.1158 
15.8143 
0.0797 
0.0247 
0.5077 
16.6485 
65.8093 

0.0000 
0.7732 
13.4051 
0.0708 
0.0260 
0.6119 
17.7995 
67.3135 

0.0000 
0.7634 
13.2884 
0.0690 
0.0214 
0.4902 
17.6359 
67.7317 

I I I 

IO. 0000 100.0000 100.0000 100.0000 

Calculated Product 

0.0000 0.0000 
0.0529 0.0535 
3.2044 3.1941 
0.0537 0,. 0525 

36.6568 96.6747 
0.0322 . 0.0252 

. iquid COl 

0.0000 
0.0351 
2.5130 
0.0425 
0.0240 

97.3854 

LOO. 0000 - 
Calculated Product Vapor Prer 

2.413 
2.825 
3.288 
3.803 
4.377 
5.013 
5.718 
6.495 - 
API 52-61 

osition, 

0.0000 
0.0369 
2.7166 
0.0462 
0.0222 
97.1781 

0.0000 
0.3723 
8.7380 
0.0543 
0.0161 
0.4931 
18.5499 
71.7763 

.oo .oooo 

mle a) 
0.0000 
0.0180 
1.7961 
0.0366 
0.0168 
98.1325 

.oo. 0000 
1 

I 1 I 

2.406 
2.818 
2.279 
3.792 
4.365 
4.999 
5.701 
6.476 - 

PI 52-61 

1.888 2.032 1.349 
2.216 2.383 1.589 
2.584 2.778 1.861 
2.997 3.219 2.170 
3.459 3.713 2.517 
3.975 4.262 2.908 

, 4.549 4.873 3.349 
i 5.187 5.550 3.844 

API 52-61 P I  52-61 API 62 



T A 3 U  D - 1  SUM4ARY 0% PRODUCT COMPOSITION ANn VAPOR PRESSURE D 1 5  
(continued) 

Sample Date 
sample Time 

ir 

Component 

Methane . 
E t h a n 0  
Propane 

i-Butaue 
n-Butane 
n-Octane 

OXM- 
N i t r o g e n  

I T o t a l  

Temp., C*P) 

30 
40- 
so 
60 
70 
80 
90 
100 

rest No: 
Notesr 

8 - 0 5 - 8 1 
7-27-81 8-04-81 t o  9-08-81 9-10-81 

1700 8-29-81 2145 1155 1030 

Measur 

0.0000 
0.0176 
1.5226 
0.0254 
0.0121 
0.4836 

20.4884 
77.4503 

30.0000 

Calcula 

. Product 
0. ooooa 
0.01836 
0.00244 
0.00086 
0.00056 
0.47361 

78.46889 
21.03528 

raoor Comuosition. (mole % l  

0.0000 
0.0612 
0.3275 
0.0024 
0.0007 
0.5093 

18.0558 
81.0431 

0.0000 
0.0030 
0.0227 
0.0000 

0.5643 
20.7637 
78.6463 

0. m o o  

100.0000 I -------- I 100.0000 ~100.0000 

!d Product Liuuid Comwsition. (mole % I  

0.0000 
0.0009 
0.3186 
0.0174 
0.0129 

39.6501 

0.0000 
0.0030 
0.0668 
0.0016 
0.0007 

99.9279 

0.291 
0.358 
0.438 
0.536 
0.655 
0.800 
0.974 
1.184 

0.070 
0.099 
0.139 
0.192 
0.263 
0.354 
0.471 
0.619 

0.873 
I. 162 
1.527 
1.980 
2.540 
3.224 
4.051 
5.047 

API 63 API 64 A21 65.66 
13 1 

0.121 
0.159 
0.208 
0.271 
0.352 
0.455 
0.584 
0.746 

API 67A 

0:. 0000 
0.0001 
0.0044 
0.0000 
0.0000 

99.9955 

0.070 
0.100 
0.140 
0.193 
0.263 
0.355 
0.472 
0.620 

API 67 



TABLE 0-1 SUMMARP OF PRODUCT COMPOSITION AM, QAPOR PRESSURE 
(continued) D16 

S a m ~ l e  Date 
Saiple  Time 

Component 

Methane 
Ethan0 
Propane 

i-Butane 
n-Butane 
n-Octane 

oxygen 
N i t r o g e n  

Tota l  

Compo nene 

Methane 
E t h a n 0  
Propane 

i-Butane 
n-ButMe 
n-Octaae 

Tota l  

Temp., PPI 

- 30 
40 
so 
60 
70 
80 
90 

100 

rest No: 
Notes, 

9-16-81 I 9-25-8'1 I 10-1-81 10-14-81 10-21-81 

1 I I 1030 1715 1010 1800 to 
9-21-81 

Product Vapor Composition, (mole %) 

0.0033 0.0000 0.0036 0.0000 
2.7953 0.6159 2.7117 2.4093 

' 0.0801 0.0466 0.0808 0.0725 
0.0172 0.0114 0.0172 0.0170 
0.5276 0.5644 0.4073 0.4884 
15.9322 19.1826 16.2730 16.8337 
58.4822 71.2302 61.4719 62.6665 

22.1621 8.3489 19.0345 17.5126 

100.0000 ~100.0000 I 100.0000 ~100.0000 
Calculated Product Licmid Camweition, 

------ 0.0000 0.0000 
-Hexane 0.1319 0.0286 
100.0000 4.3805 1.6180 
------ q.0513 0.0292 

95.4193 98.3131 
------ . 0.0170 0. 0110 ------ 

0. 0000 
0.1390 
4.2165 
0.0595 
0.0198 
95.5653 

mole a) 
: 0.0000 
0.1177 
3.6150 
0.0489 
0.0178 
96.2006 

I I I I 

0.0000 100.00 

Calculated Product Vapor Pressure, (psia) 

0.873 
1.162 
1.527 
1.980 
2.540 
3.224 
4.051 
5.047 

API 68.69 
[31 

3.439 
4.012 
4.648 
5.355 
6.136 
6.996 
7.940 
8.973 

1.257 

1.733 
2.020 
2.344 
2.710 
3.123 
3.588 

1.480 

- 

3.351 
3.907 
4.526 
5.214 
5.973 

7.729 
8.735 

6.810 

- 

2.878 
3.358 
3.894 
4.490 
5.150 
5.878 
6.681 
7.563 

API 72 API 73-77 API 73-77 



TA3LE D-1 SUMMARY OF PRODUCT COMPOSITION ANI) VAPOR PRESSURE 
(continued) D17 

Sample -: Date 
Sample Time 

10-29-81 
1300 

Component 

Methanrr 
Ethane 
Propane 

i-watane 
n-Butane 
n- 

Qrgg- 

Ritrogsa 

Measur 

0 .0000  
2 .1300 

16 .3446 
0.0680 
0 .0163  
0.4721 

; 64.3000 
I 16,.6690 

100.0000 

d Product rapor Comr: sition, I 
0.0000 

. 0.1048 
’ 3.4178 
I 0 .0466  
1 

0.0173 
96.4135 

m d Product Vapor Pressure, (psia) 



D18 

Notes f o r  Table D 1  

[ l ] .  Sample w a s  not used by the contractor t o  reduce the 
emission t e s t  data. 
sample does not follow the normal pat tern of decay with 
respect t o  time when compared with other samples in the 
same time period. 

The vapor pressure data from t h i s  

[21. Sample w a s  not used by the contractor t o  reduce the emission 
t e s t  data. 
propane loss .  

This sample indicates an excessively high 

Example: 

Sample Time Total  lbmoles x c3 lbmoles lbm 
Date In  Tank  In  Liquid of C3 of C3- 

1-30-81 0945 2 703 4.17 29.3 1293 

2-02-81 0950 2 703 3.73 26.2 1156 

Loss of C3 indicated by Samples * 1293-1156 - 137 lbm 
Loss of C3 indicated by Emission T e s t  AP122 

+., 8 lbmlday X 3 days - 24 lbm 
.\r 

(excluding non-equilibrium points) 

In general, a sample was not used i f ;  
(loss indicated by 
emission Testing) 

sample) - > 3X ( loss  indicated by 

[31. Product was purchased a s  high puri ty  n-Hexane. A gas 
chromatograph analysis was not performed. 



D19 

[ 4 1 .  

[51. 

T6e decay of vapor pressure with respect t o  time was  not 
detectable due t o  the normal s c a t t e r  in the vapor pressure 
data. The low emission levelsthroughout t h i s  time period 
made it possible t o  use an average vapor pressure cume 
without introducing any appreciable e r ror .  

The vapor composition shown is  the average vapor composition 
f o r  a l l  samples in the  t i m e  period from 4-27-81 t o  5-16-81. 
The l iqu id  composition and vapor pressure were calculated 
in the usual manuet. 
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TABLE D2 PRODUCT COMPOSITIOE! AND VAPOR PRESSURE FOR IFR DECK D24 FITTING AND PEWEABILITY TESTS 

Sample Date 
Sainple Time 

component 

Methane 
Ethane 
Propane 

L-BUfane 
n-Butane 
n-Qctane 
oxysan 
N i t r o g e n  

T o t a l  

Component 

Methane 
E t h a n 0  
propane 

i-Butane 
n-Butane 
n-octane 

T o t a l  

Average Product 
Temp. (OF) 

Vapor Press. at 
Avg.. Prod. Te~q 

Vapor Molecular 
Wt. at Avk. 

(PS*) 

E% l;,"f;) 

Test No. 

Notes: 

9-2-81 9-10-81 9-24-81 9-28-81 9-2-81 
2310 I 2130 1 1720 12230 12320 

Measured Product Vawr Camnosition.. (mole 

0.0000 
0.6530 
5.1953 
0.0816 
0.0173 
0.6034 
7.5486 
5.9008 

0.0000 
0.1943 
10.9305 
0.0705 
0.0145 
0.5271 

18.7198 * 

69.543.3 

0.0004 
0.4347 

34.2872 
0.1613 
0.0202 
0.5756 

13.9761 
50.5646 

00.0000 ~100.0000 ~100.0000 

Calculated Product Liauid Car 

0.0000 
0.0297 
2.8574 
0.0492 
0.0160 
7.0477 

100.0@0 

69.9 

3.85 

48.3 

9A 

Initial 

Sample 

0.0000 
0.0092 
2.1800 
0.0457 
0.0145 
7.7506 

100.0000 

69.9 

2.94 

50.1 

9A 

Final 

Sample 

0,0000 
0.0199 
6.4873 
0.0978 
0.0188 
13.3762 

100.0000 

69.2 

8.12 

46.1 

9B 

Initial 

Sample 

0.0000 
0.1077 
1.1243 
0.1404 
0.0275 
0.6163 
6.4360 
1.5477 

0.0000 
0 .a939 
6.829@ 
0.0857 
0.0202 
0.5108 
7.0151 
4.6453 

~~~~ ~~ 

100 .oooo I 100.0000 
asition, 

) .OOOO 
1.0049 
I .9291 

1.0252 
i. 9573 

1.0834 

!OO. 0000 - 
69.2 

5.00 

47.6 

9B 

Final 

Sample 

ole 8 )  

D. nooo 
3.0428 
3.3879 
1 . ~ 2  
1. n2n5 
5.4926 

too . m o o  - 
68.3 

4.45 

47.4 

' 10 

Initial 

Sample 



TABLE D2 PRODUCT COMPOSITION AND VAPOR PRESSURE FOR IFR DECK ~ 2 5  FITTING AND PERMEABILITY TESTS (continued) 

9-10-81 9 - 24 -81 9-3-81 9-11-81 
1730 1530 1430 1430 

i iition., (I 

0. qooo 

0.5129 
12.9359 

0.0672 
0.0127 
0.5069 

17.4411 
68.5233 

Measur 

0.0000 
0.6677 

15.9082 
0.0785 
0.0131 
0.4846 

17.1347 
65.7132 

Product 

0.0000 
0.4704 

14.2366 
0.0832 

0.4693 
17.3089' 
67.4182 

n. 0129 

'omponent 

Methane 
E t h a n 0  
Propane 

i - B U t a n e  
n-Butane 
n-Octana 

oxysen 
Nitrogen 

ipor comp 

0.0000 
0.7441 

14.9626 
0.0769 
0.0171 
0.4777 

17.2314 
66.4902 

0.3321 
12.3846 

n . n1471r 
0.5333 

18.1950 
68 -4642 

'Otal 00.0000 00.0000 .oo. ooo(l 100 .a000 tno.onon 

Calculate4 Product 

0.0000 0.0000 
0.0324 0.0233 
3.-2802 2.9991 
0.0530 0.0575 
0.0137 0.0138 

96.6207 96.9063 

Liquid Cor 

0.0000 
0.0363 
3.1024 
0.0523 

96.7910 
0.  oiao 

msition, 

0.0000 
0.0247 
2.6258 
0.0445 
0.0130 

97.2920 

lomponent 

Methane 
E t h a n e  
Propane 

i-Butane 
n-Butane 
n-octane' 

n . nnnn 
n.  13158 

0.0492 
2.4746 

0 .  n148 
97.4456 

Total 00.0000 ioo.nooo 10o.oonn - 
68.3 68.3 

3.46 3.25 

verage Product 

apor Press. a t  
q. Prod.Temp. 
psia)-d= 

apor Molecular 
t. a t  Avg. 
rod. Temp. 
lbm/ l b w  le )  

est No. 

otes: 

emp. (OF) 

. .  

68.3 

4.27 

68.3 

3 .,90 

68.3 

4.08 

47.8 

11 

Initial 

Sample 

! 

48.2 47.7 

10 10 

ntermedi 

sampie SamvIe Sample 

I 



TABLE D2 PRODUCT COHPOSITION AND VAPOR PRESSURE FOR IFR DECK 
FITTING AND PERMFABILITY TESTS (continued) 

D26 

ample Date 
d p l e  Time 

0-5-81 10-21-81 12-22-81 12-22-81 12-22-81 
2230 I 2100 1 2100 I 2100 I 213@ 

Measured Product Vapor Comuosition. h o l e  a) omponent 

Methane 
E t h a n 0  
Propane 

i-Butana 
n-Butane 
n-Octane 

-en 
N i t r o g e n  

. .  

0. oooo 
0.4330 

17.9150 
0.0706 
0.0103 
0.4697 

17.0581 
64.0433 

0.0000 
0.1913 

31.8965 
0.183? 
0.0320 
0.4632 

13.6292 
53.6039 

0 .  onoo 
0.1736 

30.1565 
0.1718 
0.0204 
0.4337 

13.8483' 
55.1957 

0.0000 
0.4028 

19.0887 
0.0779 
0.0103 
0.5488 

17.0054 
62.8661 

n. onno 
0.4724 

21.9871 
0.0939 
0.0102 
0.4278 

16.2778 
60.7308 

IO. 0000 - .oo. 0000 - 
~ 

loo. onoo LOO. 0000 .oo. 0000 

Calculated Product Liauid C a  mit ion,  

0.0000 
0.0213 
3.7470 
0.0484 
0.n110 

96.1723 

ole 8 )  

n.  nnnn 
n. 0238 
4.7677 
0 .  ~ 7 3  
0. n i l 4  

95.1297 

omponemt 

Methane 
Ethan0 
Propane 

n-Butane 
n-Octane 

0.0000 
0.0094 
6.6385 
0.1251 
0.0338 

33.1931 

0.0000 
0.0087 
6.4981 
0.1216 
0.0225 

93.3491 

0.6000 
0.0189 
3.7361 
0.0493 
0.0100 

96.1857 

Total IO. 0000 on. oooo ,oo. 0000 - 00.0000 

53.8 

3.86 

46.6 

19 

I n i t i a l  

Sample 

verage Product 
emp - (OF) 

npor Press. a t  
vg. Prod.Temp. 
p e w  

apor Molecular 
e. a t  Avg. 
rod. Temp. 
lbm/lbmole) 

e s t  No. 

otes: 

59.2 

7.20 

45.8 

16 

I n i t i a l  

Sample 

59.2 

7.05 

45.9 

16  

Final  

Sample 

'48.1 

3.56. 

50.9 

4.68 

46.3 45.9 

20 

Ini t ia l  

Sample 

' 21 

I n i t i a l  

Sample 
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IFR Deck F i t t i n t  Emission Data Sheet 
i 

Scale N o .  : 1 Sheet No.: 1 
Test r b . :  1 
Test Description: Access Hatch Cover. Tbmpt,d - 

Date 

- 
5-20-81 
5-21 
5-21 
5-22 
5-22 
5-23 
5-26 
5-26 
5-27 
5-28 
5-28 
5-29 
5-29 
6-1 
6-1 
6-2 
6-2 
6-3 
6-3 
6-4 
6-4 
6-5 
6-5 
6-8 
6-8 
6-9 
6-9 
6-10 
6-10 
6-11 
6-12 
6-12 
6-15 
6-16 
6-16 
6-17 
6-17 
6-18 
6-18 
6-19 

- 
Time 

- 
1530 
0930 
1530 
0930 
1530 
0630 
0900 
1600 
0900 
0930 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
0900 
1600 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
1600 

Elapsed 
Time 

(hrs.) 

0.0 
18.0 
24.0 
42.0 
48.0 
63.0 

137.5 
144.5 
161.5 
186.0 
192.5 
209.5 
216.5 
281.5 
288.5 
305.5 
312.5 
329.5 
336.5 
353.5 
360.5 
377.5 
384.5 
449.5 
456.5 
473.5 a 

480.5 
497.5 
504.5 
521.5 
545.5 
552.5 
624.5 
641.5 
648.5 
665.5 
672.5 
689.5 
696.5 
720.5 

T q .  

(OF) 

64.7 
62.4 
65.6 
63.5 
66.2 
65.8 
65.2 
67.7 
64.3 
60.5 
63.9 
66.2 
68.2 
61.5 
64.0 
66.1 
67.6 
67.4 
69.5 
67.1 
69.2 
67.0 
69.6 
73.0 
74.8 
67.6 
68.0 
65.2 
66.8 
65.5 
67.8 
69.4 
77.1 
72.3 
70.9 
64.1 
67.5 
66.8 
70.3 
70.3 

Veirht 

(Lbm) - 
299.8 
299.8 
299.6 
299.8 
299.8 

300.0 
300.0 
299.8 
299.6 
299.8 
299.8 
300.0 
299.4 
299.4 
299.8 
300.0 
300.0 
299.8 
298.8 
299.8 
299.8 

299.4 
299.6 
299.6 
299.6 
299.6 
299.6 
299.4 
299.4 
299.6 
300.2 
300.0 
299.8 
299.6 
299.6 
299.6 
299.6 
299.2 

299. a 

300. n 

Contract 05000 P a p  No. : E2 - 



-i 
IFR Deck Fittinp Emission Data Sheet 

Scale No.: 1 Sbeet No.: 2 
Test No. : 1 
Test Description: Access Hatch Cover, Ungasketed 

Date 

- 
i-22-81 
i-22 
i-23 
i-23 
i-24 
i-24 
1-25 
'-1 
'-6 

Time 

- 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
2100 
0900 

Elapsed 
Time 
(hrs.) 

785.5 
792.5 
509.5 
516.5 
533.5 
540.5 
557.5 
013.5 
121.5 

Temp. 

( O F )  - 
64.2 
66.3 
64.7 
66 .G 
67.9 
70.8 
69.9 
74.7 
70.7 

WeiFht 

(lbm) 

299.4 
299.2 
299.2 
299.2 
299.2 
299.4 
299.4 
298.6 
298.2 

- 

Weipht 
Chanpe 
(lbm) 

-0.4 
-0.6 
-0.6 
-0.6 
-0.6 
-0.4 
-0.4 
-1.2 
-1.6 

Notes 

End te s t  -. 

Contract 65000 Pare No. : EL 



-. -.. IF?l Deck Fittine Enission Data Sheet 

Scale No.: 2 
Test No.: 2 
Test Description: 2 

Date 

5-20-81 
5-21 
5-21 
5-22 
5-22 
5-23 
5-26 
5-26 
5-27 
5-28 
5-28 
5-29 
5-29 
6-1 
6-1 
6-2 
6-2 
6-3 
6-3 
6-4 
6-4 
6-5 
6-5 
6-8 
6-8 
6-9 
6-9 
6-10 
6-10 
6-11 
6-12 
6-12 
6-15 
6-16 
6-16 
6-17 
6-17 
6-18 
6-18 
6-19 

Time 

1530 
0930 
1530 
0930 
1530 
0630 
0900 
1600 
0900 
0930 

0900 
1600 

1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
0900 
1600 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
1600 

1600 

ogon 

Elapsed 
Time 
(hrs. 3 

0.0 
18.0 
24.0 
42.0 
48.0 
63.0 
137.5 
144.5 
161.5 

192.5 
209.5 
216.5 
281.5 
288.5 
305.5 
312.5 
329.5 
336.5 
353.5 
360.5 
377.5 
384.5 
449.5 
456.5 
473.5 
480.5 
497.5 
504.5 
521.5 
545.5 
552.5 
,626.5 
641.5 
648.5 
665.5 
672.5 
689.5 
696.5 
720.5 

186.0 

s Hatch 

Temp. 

( O F )  

63.9 
62.0 
64.0 
63.1 
65.8 
65.6 
65.0 
67.4 
64.0 
60.0 
63.4 
66.2 
68.0 
61.2 
63.6 
66.0 
67.3 
67.3 
69.1 
67.0 
68.8 
66.7 
69.0 
73.0 
74.4 
67.2 
67.7 
64.8 
66.5 
65.2 
67.8 
69.1 
76.9 
71.9 
70.8 
63.6 
66.7 
66.4 
69.8 
70.1 

:over, C 

t7eipht 

(lh) 

293.6 
293.4 
293.6 
293.4 
2513.4 
293.2 
293.6 
293.6 
293.4 
293.4 
293.6 
293.6 
293.8 
293.0 
293.4 
293.4 
293.6 
293.6 
293.4 
293.4 
293.4 
293.4 
293.6 
293.2 
293.4 
293.2 
293.2 
293.2 
293.2 
293.2 
293.2 
293.4 
293.6 
293.2 
293.2 
293.0 
293.0 
293.0 
293.2 
292.8 

sketed 4 

Weipht 
Chanpe 
( l h )  - 
0.0 
-0.2 
0.0 
-0.2 
-0.2 
-0.4 
0.0 
0.0 
-0.2 
-0.2 
0.0 
0.0 

+0.2 
-0.6 
-0.2 
-0.2 
0.0 
0.0 
-0.2 
-0.2 
-0.2 
-0.2 
0.0 
-0.4 
-0.2 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.2 
0.0 
-0.4 
-0.4 
-0.6 
-0.6 
-0.6 
-0.4 
-0.8 

Shee't N o .  : 1 

i Clamped 

Notes 

Begin tes t  

Contract 05000 Pare Bo.: E4 - 



IFR Deck Fittinp Emission Data Sheet 
-- - 

Scale N o .  : 2 
Test No. : 2 
Test Description: 2 

Date 

6-22-81 
6-22 
6-23 
6-23 
6-24 
6-24 

Time 

0900 
1600 
0900 
1600 
0900 
1600 

-. 

~ 

Elapsec 
Time 
(kS. ') 

785. s 
792.5 
809.5 
816.5 
83.3.5 
840.5 

s Hatch 

Temp. 

("F) 

63.9 
65.8 
64.2 
66.0 
68.0 
70.4 

:aver, C 

Velpht 

( Ibm) 

293.0 
293.0 

293.0 
293.0 
293.4 

292.8 

iketed I 

Weipht 
Chanpe 
(Ibm) 

- 

_1 

-0.6 
-0.6 
-0.8 
-0.6 
-0.6 
-0.2 

Sheet No. : 2 

d Clamped 

Notes 

End Test 

Contract 05000 Pare No.: E5 - 



IFR Deck Fittinp Emission Data Sheet -- :. 
Scale No.: 3 
Test No.: 3 
Test Description: 

Date 

i -5 -81  
i-8 
i-a 
i-9 
i-9 
i-10 
i-10 
i-11 
i -12 
i-12 
i-15 . 
i-16 
i-16 
i-17 
i-17 
i-18 

i-19 
i-22 
i-22 
i-23 
i-23 
i-24 
i-24 

i - ia  

Time 

1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
0900 
1600 
1600 
0900 
1600 
0900 
,1600 
0900 
1600 
1600 
0900 
1600 
0900 
1600 

1600 
ogon 

Elapsed 
Time 
(hrS.3 

0.0 
65.0 
72.0 
89.0 
96.0 

113.0 
120.0 
137.0 
161.0 

240.0 
257.0 
264.0 
281.0 

305.0 
312.0 
336.0 
401.0 
408.0 
425.0 
432.0 
449.0 
456.0 

168 .  o 

zaa . o 

69.2 
73.0 
74.7 
67.4 
67.9 
64.9 
66.7 
65.0 

69.4 
77.0 
71.9 
70.8 
63.5 
67.0 
66.4 
70.0 
70.2 
64.3. 
66.2 
64.2 
66.2 
68.0 
70.6 

67.8 

Adiu.stn 

tleipht 

(lbm) 

327.8 
327.4 
327.6 
327.4 
327.4 
327.4 
327.4 
327.4 
327.4 
327.6 
327.0 
326.6 
326.4 
326.2 
326.2 
326.2 
326.2 

' 326.0 
326.2 
326.2 
326.0 
326.0 
326.2 
326.4 

&Am.€ 

Weipht 
Chanpe 
(lbm) - 

0.0 
-0.4 
-0 .2 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.2 
-0.8 
-1.2 
-1.4 
-1.6 
-1.6 
-1.6 
-1.6 

-1.6 
-1.6 
-1.8 
-1.8 
-1.6 
-1.4 

-1.8 

skeet NO.: 1 

ep 

Notes 

~~ 

Begin Test 

En Test 

Contract 05400 F6 Pare KO. : - 



Z Z .  
IFR Deck Fitting Enission Data Sheet 

Time 

Scale No. : 4 
Test No.: 4 

Elapsed Temp. Veipht 
Time 
(hrS.3 ("F) ( Ibm) 

Test Description: 8 in.  Dia. Slotted Piue Samp: 

65.7 
61.6 
66.0 
62.6 

Date 

- 
5-20-81 
5-21 
5-21 
5-22 
5-23 
5-26 
5-26 
5-27 
5-28 
5-28 
5-29 
5-29 
6 -1  
6-1  
6-2 
6-2 
6-3 
6-3 
6-4 
6-4 
6-5 
6-5 
6-8 
6-8 
6-9 
6-9 
6-10 
6-10 
5 - 1 1  
5-12 
5-12 
5-15 
5-16 
5-16 
5-17 
1-17 
5-18 
5-18 . 
5-19 

339.5 
339.0 
339 
338 

70.0 
66.8 
69.6 
66.4 
69.9 
73.5 
75.7 
66.4 
67.2 
64.0 
66.8 
64.4 
67.6 
69.0 
78.4 
71.4 
70.0 
62.0 
67.3 
65.8 
71.0 
70.5 

1530 
0930 
1530 
0930 
0630 
0900 
1600 
0900 
0930 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
.0900 
1600 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
1600 

333: 5 
333.0 
333.0 
333.0 
333.5 
330.5 
330.5 
330.5 
330.5 
330.5 
330.5 
329.5 
329.5 
329.5 
327.5 
327.5 
327.5 
326.5 
326.5 
326.5 
326.5 
325.5 

0 
18.0 
24.0 
42.0 
63.0 

137.5 
144.5 
161.5 
186.0 
192.5 
209.5 
216.5 
281.5 
288.5 
305.5 
312.5 
329.5 
336.5 
353.5 
360.5 
377.5 
384.5 
449.5 
456.5 
473.5 
480.5 
497.5 
504.5 
521.5 
545.5 
552.5 
624.5 
611.5 
648.5 
665.5 
672.5 
689.5 
696.5 
720.5 

I 65.6 I 338 

0 
5 
0 
0 

bleipht 
Chanpe 
(Ibm) - 

0 
-0.5 
-0.5 
-1.0 
-1.5 
-1.5 
-2.0 
-3.0 

-3.0 
-3.0 
-3.0 
-4.5 
-4.5 
-5.0 
-5.0 
-5.0 
-6.0 
-6.5 
-6.5 
-6.5 
-6.0 
-9.0 
-9.0 
-9.0 
-9.0 
-9.0 
-9.0 

-10.0 
-10.0 
-10.0 
-12.0 
-12.0 
-12.0 
-13.0 
-13.0 
-13.0 
-13.0 
-14.0 

-3.n 

Sheet N O .  : 1 

Notes 

Begin Test 

Contract n5000 Pare KO.: E7 



-. .. IFR Deck Fittinp Fsission Data Sheet 

Scale No. : 4 
Test No.: 4 
Test Description: 8 in. Dia. 

Date 

- 
6-22-81 
6-22 
6-23 
6-23 
6-24 
6-24 
6-25 
7 - 1  
7-6 
7-16 

Time 

- 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
2100 
0900 
1600 

Elapsed 
Time 

(hrs.3 

785.5  
792 .5  
809 .5  
8 1 6 . 5  
833 .5  
840 .5  
857 .5  

1013.5  
1121.5  
1368.5  

Temp. 

( O F )  

63 .0  
6 6 . 1  
6 3 . 4  
6 6 . 3  
6 7 . 9  
7 1 . 4  
6 9 . 8  
7 5 . 2  
7 0 . 4  
77 .0  

itted P: 

Veipht 

(lbm) 

- 

324 .0  
324.0  
324.0 
324.0  
323.0  
323.0  
324 .5  
319 .5  
316 .5  
311.5  

B Samplr 

Weirht 
Chanpe 
(lbm) - 
-15 .5  
-15 .5  
-15.5 
-15 .5  
-16 .5  
-16 .5  
-15.0 
-20 .0  
-23 .0  
-28 .0  

Sheet No.: 2 

?ell 

Notes 

End Test . .  

Contract 05000 



-. IFR Deck Fittinp Emission Data Sheet 

Scale No.  : 5 
Test No.: 5 

Sheet No. : 1 

- 
Date 

5-20-81 
5-21 
5-21 
5-22 
5-22 
5-23 
5-26 
5-26 
5-27 
5-28 
5-28 
5-29 
5-29 
6-1 
6-1 
6-2 
6-2 
6-3 
6-3 
6-4 
6-4 
6-5 
6-5 
6-8 
6-8 
6-9 
6-9 
6-10 
6-10 
6-11 
6-12 
6-12 
6-15 
6-16 
6-16 
6-17 
6-17 
6-18 
6-18 
6-19 

Time 

- 
1530 
0930 
1530 
0930 
1530 
0630 
0900 
1600 
0900 
0930 
1600 
0900 
1600 
0900 
1600 . 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
0900 
1600 
1600 
0900 
1600 
0900 
1600 
0900 
1600 
1600 

Elapsed 
Time 
(hrS.> 

0.0 

24.0 
42.0 

63.0 
137.5 
144.5 
161.5 

192.5 
209.5 
216.5 

288.5 
305.5 
312.5 
329.5 
336.5 
353.5 
360.5 
377.5 
384.5 
449.5 
456.5 
473,s 
480.5 
497.5 
504.5 
521.5 
545.5 
,552.5 
624.5 
641.5 
648 ..5 
665.5 
672.5 
689.5 
696.5 
720.5 

18.0 

48.0 

186. o 

281.5. 

Temp. 

(OF) 

65.2 
61.3 
65.6 
62.3 
66.7 
65.4 
64.4 
67.9 
62.6 
58.2 
63.5 
66.2 
68.8 
60.3 
64.2 
66.2 

67.5 
70.1 
66.8 
69.6 
66.4 
69.9 
73.8 
75.8 
66.0 
65.0 
63.8 
66.6 
64.4 
67.6 
70.0 
78.6 
71.3 
70.2 
61.8 
66.8 
66.0 
70.9 
70.3 

68.0 

17eipht 

(lbm) 

340.5 
340.5 
340.5 
340.5 
340.0 
340.0 
340.0 
340.@ 
340.0 

340.0 
340.0 
340.0 
339.5 
339.5 
339.0 

339.0 
338.5 

338.0 
338.0 
338.0 
337.0 
337.0 
337.0 
337.0 
337.0 
337.0 
336.5 
336.5 
336.5 
335.5 
335.5 
335.5 
335.0 
335. r) 
335.0 
335.0 
335.0 

346.0 

338.5 

338.5 

Weipht 
Chanpe 
(lbm) - 
0.0 
0.0 
0.0 
0.0 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-1.0 
-1.0 
-1.5 
-2.0 
-1.5 
-2.0 
-2.0 
-2.5 
-2.5 
-2.5 
-3.5 
-3.5 
-3.5 
-3.5 
-3.5 
-3.5 
-4.0 
-4.0 
-4.0 
-5.0 
-5.0 
-5.0 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 

7 Notes 

Begin t e s t  

Contract 65000 . Pare KO.: E9 - 



- 7  IFR Deck Fittinp Enission Data Sheet 

Scale No.  : 5 Sheet No.: 2 
Test No. : 5 
Test Description: 8 in. Dia. P$De C o w  Well 

Date 

- 
5-22-81 
5-22 
5-23 
j-23 
5-24 
5-24 
5-25 
I - 1  
7-6 
1-16 

Time 

- 
0900 
1600 
0900 
1600 
0900 
1600 
0900 
2100 
0900 
1600 

Elapsed 
Time 

(hrs.1 

785.5 
792.5 
809.5 
816.5 
833.5 
840.5 
857.5. 
1013.5 
1121.5 
1368.5 

Temp. 

(OF )  

62.8 
65.8 
63.4 
66.0 
67.9 
71.3 
69.8 
75.2 
70.3 
76.7 

334.5 
334.5 
334.0 
334.0 
334.0 
334.0 
334.0 
331.5 
331.0 
328.0 

-6.0 
-6.0 
-6.5 
-6.5 
-6.5 
-6.5 
-6.5 
-9.0 
-9.5 
-12.5 

Notes 

5nd tes t  

Contract 05000 Pape No.: E10 - 



IFR Deck Fittinp Emission Data Sheet -: 

Scale No. : 1 
Test N o . :  c, 

Test Description : 1 in. Dia. 

Date 

7-7-81 
7-8 
7-9 
7-10 
7-13 
7-16 
7-21 
7-22 
7-23 
7-24 
7-27 
7-28 
7-29 
7-30 
7-31 
3-3 
3-4 
3-5 
3-6 
1-13 
1-14 
3-17 
3-20 
3-21 
1-26 
1-27 
3-28 
1-31 
9-1 

Time 

0900 
0900 
0900 
0900 
0900 
1600 
0900 
090@ 
0900 
0900 
1700 
1700 
0930 
1700 
1700 
1600 
1600 
1600 
1600 
0830 
1000 
900 
1830 
1600 
900 
900 
900 
1700 
1330 

Elapsec 
Time 

(hrs.1 

0.0 
24.0 
48.0 
72.0 
144.0 
223.0 
336.0 
360.0 
384.0 
408.0 
488.0 
512.0 
528.5 
560.0 
584.0 
655.0 
679.0 
703.0 
727.0 
887.5 
913.0 
984.0 
1065.5 
1087.0 
1200.0 
1224.0 
1248.0 
1328.0 
1348.5 

Temp. 

(OF) 

75.8 
81.6 
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 

- 

Stub Dri 

tleipht 

(lbm) 

385.6 
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 

1 

Weipht 
Chanpe 
(lh) 

0.0 
0 . 0  
0.0 
-0.4 
-0.4 
-0.8 
0 
0 
-0.2 
-0.2 
-0.2 
-0.4 
-0.4 
-0.6 
-0.6 
-0.4 
-0.4 
-0.6 
-0.6 
-1.0 
-1.0 
-1.6 
-1.8 
-1.8 
-1.8 
-1.8 
-1.6 
-1.8 
-1.8 

Sheet No.: 1 

1 Notes 

Begin Test 

No temp. indicator 

End Test 

Contract 05000 PaEe KO. : E l l  - 





- IFR Deck Fittinp Emission Data Sheet 

Uei(?ht 

(lbm) 

Scale N O .  : 5 

Weipht 
Chanpe 
(lbm) 

Sheet No. : 1 

480.0 
478.5 
478.5 
478.5 
477.5 
476.5 
475.0 
474.5 
474.5 
473.5 
469.0 
468.5 
466.0 
464.0 
464.0 
460.0 
459.5 
459.0 
457.5 
457.5 
455.5 
455.5 
454.5 
454.5 
454.5 
454.5 
454.0 
454.0 
452.5 
451.5 

Test No.: 8 
Test Description: k'' Gap Around Suilt-Up Column - 

0.0 
-1.5 
-1.5 
-1.5 
-2.5 
-3.5 
-5.0 
-5.5 
-5.5 
-6.5 

-11.0 
-11.5 
-14.0 
-16.0 
-16.0 
-20.0 
-20.5 
-21.0 
-22.5 
-22.5 
-24.5 
-24.5 
-25.5 
-25.5 
-25.5 
-25.5 
-26.0 
-26.0 
-27.5 
-28.5 

Date 

7-24-81 

7-28 
7-27 

7-29 
7-30 
7-31 
8-3 
8-4 
8-5 
5-6 
8-13 
8-14 
8-17 
8-20 
8-21 
8-26 
8-27 

3-31 
3-1 
3-2 
3-2 
3-3 
3-3 
3-4 
3-5 
?-6 
3-7 
3-8 
3-9 

9-28 

Time 

0900 
1700 
1700 
0930 
1700 
1700 
1600 
1600 
1600 
1600 

1000 
0900 
1830 
1600 
900 
900 
900 
1700 
1330 
1500 
2330 
1430 
2330 
930 

1130 
1130 
1130 
1600 
1600 

0830 

Elapsed 
Time 
(hrs. 3 

0.0 
80.0 

104.0 
120.5 
152.0 
176.0 
247.0 
271.0 
295.0 
319.0 
479.5 
505.0 
576.0 
657.5 
679.0 
792.0 
816.0 

920.0 
940.5 
966.0 
974.5 
989.5 
998.5 
1008.5 
1034.5 

1082.5 
1111.0 
1135.0 

840. o 

1058.5 

Temp. 

(OF) 

70.6 
- - 

71.2 
73.8 
77.8 

77.1 
74.9 
77.0 
65.6 

71.4 
75.3 
74.4 
74.1 

.75.4 
71.9 
72.1 

66.3 
69.2 
68.3 
66.4 
68.9 
68.2 
67.2 

78.6 
78.4 

- 

78.4 

- 

Notes 

Begin Test 

End Test 

Contract 05000 



. 



9 

IFR Deck Fittinp Enission Data Sheet i 

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

Date 

- 
9 I24 1 rJ 1. 
9/24 
9/24 
9/24. 
9/25 
9/25 
9/25 
9/25 
9/25 
9/25 
9/26 
9/26 
9/26 
9/26 
9/28 
9/28 

Time 

1720 
1730 
1900 
2100 
03 00 
0700 
1100 
1500 
1920 
2315 
0600 
1000 
1400 
1800 
1100 
2230 

Elapsed 
Time 

(hrs. 1 

0.0 
1.5 
3.5 
9.5 
13.5 
17.5 
21.5 
26.0 
29.75 
36.5 
40.5 
44.5 

. 48.5 
89.5 
101.0 

Temp. 

(OF) 

68.6 
67.6 
65.8 - 

- 
- 

74.3 
71.4 
69.2 
64.2 
75.8 
73.5 
72.9 
63.0 
64.4 

Veipht 

(Ibm) 

450.0 
449.7 

449.5 
449.3 
449.5 
449.1 
449.1 
449.1 
449.3 
448.9 
448.6 
448.6 
446.2 
446.0 

- 

. 

Weipht 
Chanpe 
( lbm) 

0 
-0.3 

-0.5 
-0.7 
-0.5 
-0.9 
-0.9 
-0.9 
-0.7 
-1.1 
-1.4 
-1.4 
-3.8 
-4.0 

- 

- 

7 Notes 

*t -le Taken 
Begin test 

End te s t  
bduct  -le Takm 

Contract 0500@ 



z Scale No.: ,- 



- i  IFR Deck F i t t i n p  Enission Data Sheet 

Scale No. : 3 
Test No. : 11 
T e s t  Description: Phase 3 Column Well, 

Date 

- 
1-3-81 

1-3 
1-3 
1-4 
1-4 
1-4 
1-5 
1-6 
'-7 
1-8 
1-8 
1-9 
3-9 
3-10 
3-10 
3-11 
3-11 
1-11 
1-14 
1-15 
)-17 
1-18 
1-22 
)-23 

Time 

1430 

1430 
2330 
93 0 
1600 
2330 
113 0 
1130 
1130 
1600 
2330 
1600 
2300 
1300 
1700 
1430 
1430 
1435 
1100 
2100 
1730 
1630 
1800 
1500 

Elapsed 
Time 
(hrs. 9 

0.0 
9.0 
19.0 
25.5 
33.0 
45.0 
69.0 
93.0 
121.5 
129.0 
145.0 
152.0 
166.5 
170.5 
192.0 
192.0 
192.1 
260.5 
294.5 
339.0 
362.0 
459.5 
480.5 

T W .  Heipht 

(lbm) 

I -  - 
- 845. e 
67.0 845.8 
71.0 845.4 
71.0 845.4 
71.7 845.2 

68.4 845.0 
69.6 844.8 
68.8 844.4 

70.1 845.2 

67.6 844.2 
67.4 844.2 
69.3 844.2 
69.4 844.2 
70.9 844.4 
71.9 844.2 
71.9 - 
71.9 842.4 
74.4 842.2 
69.4 841.2 
61.2 840.8 
59.3 840.6 
63.2 840.0 
57.6 839.8 

1 in D i ;  

Weipht 
Chanpe 
(lbm) 

- 
0.0 
0.0 
-0.4 
-0.4 
-0.6 
-0.6 
-0.8 
-1.0 
-1.4 
-1.6 
-1.6 
-1.6 
-1.6 
-1.4 
-1.6 

-1.6 
-1.8 
-2.8 
-3.2 
-3.4 
-4.0 
-4.2 

- 

Sheet NO.  : 1 

Test Drum 

Notes 

Product Sample 
Taken 
Begin Test 

roduct -le Taken 
1.8 &a) 

End Test 
Product Sample 
Taken 

Contract 05000 

. 

PaEe No.: E17 - 





IFR Deck F i t t i n p  Enission Data Sheet -- 

4 Scale No. : 
Test No.: 13 

Sheet No. : 1 

Test Descripti0n:Access Yatch Cover With 118 i n  G a D  

Date 

9-24-81 
9-25 
9-26 
9-28. 
9-28 
9 -30 .  
10-1 
10-02 
10-05 
10-05 
10-06 
10-07 
10-08 
10-09 
10-12 
10-13 
10-14 
10-15 
10-19 
10-20 
10-21 
10-27 
10-28 
10-30 
11-2 

T h e  

1830 

u n o  
1920 
1800 

1645 
1645 
1830 
2300 
0900 
2309 
0900 
0900 
0900 
1000 
1030 
1600 
1630 
1615 
1130 
1730 
2100 

1600 
1500 
1400 

ogoe 

Elapsed 
T h e  
(hrs. 1 

0.0 
25.0 
47.5 
88 .5  
94.3 

142.3 
168.0 
196.5 
254.5 
268.5 
278.5 
302.5 
326.5 
351.5 
424.0 
453.5 

501.8 
593.0 
623.0 
650.5 
782.5 
813.5 
860.5 
931.5 

478.0 

Temp. 

( O F )  

- 
71.9 
73.2 
61.2 
63.2 
67.2 
68.2 
52.9 
59.2 
71.4 
65.2 
51.4 
49.9 
50.6 
54.7 
61.2 
63.4 
62.4 
46.4 
56.0 
53.6 
60.9 
67.4 
71.4 
78.5 

310.5 
310.0 
309.5 
308.5 
308.0 
308.0 

306.0 
304.5 
304.0 
304.0 
303.9 
302.5 
302.5 
302.0 
300.5 
300.0 
299.5 
798.0 
297.0 
297.0 
294.5 
293.5 
293.0 
290.5 

- 

. 

Weikht 
Chanpe 
( Ibm) 

0.0 
-0.5 
-1.0 
-2.0 
-2.5 
-2.5 

-1.5 
-6.0 
-6.5 
-6 .5  
-7.5 
-8.0 
-8.0 
-8.5 

-10.0 
-10.5 
-11.0 
-12.5 
- u . 5  
-13.5 
-16.0 
-17.0 
-17.5 
-20.0 

- 

Notes 

Begin Test 

Znd of Test 

Contract 0511013 
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IFR Deck Fittinp Emission Data Sheet 

Scale No. : -2 
Test NO.: 1 5  
Test ~ ~ ~ ~ ~ i ~ t i ~ ~ :  118'' Gap Around Built-C 

Date 

- 
1-25-81 
1-26 
1-28 
1-28 
1-28 
1-30 
.O-1 
.n-1 
.n-2 
.n-5 
.n-5 

.n-8 

. n - u  

. n - u  

. n - u  

.n-20 

-0-27 

.O-6 

.o-7 

.o-9 

.O-12 

.o-19 

.o-21 

.0-28 
-0-30 
. l - 2  

Time 

- 
2330 
1800 
1100 
2230 
1645 
1645 
0800 
1830 
2300 

2300 

0900 

1000 
1030 

1630 
1630 
1130 
1730 
2100 
0900 

1500 
1400 

0900 

m o o  
ogno 

1600 

1600 

Elapsed 
Time 

(hrs. 

0 
18.5 
59.5 

65.3 
113.3 
129.5 
139.0 
167.5 
225.5 
239.5 
249.5 
273.5 
297.5 
322.5 
395.  0 
424.5 

473.0 
564.0 
594.0 
621.5 
753.5 
784.5 
831.5 
902.5 

71.0 

449. n 

65.4 
73.9 
63.0 
64.3 
65.0 
69.6 

68.3 
54.2 
59.3 
72.6 
64.7 
52.8 
51.8 
52.6 
56.3 
63.0 
63.5 
63.4 
49.2 
58.2 
54.4 
61.2 
69.8 
72.0 
79.7 

- 

l?eipht 

(lbm) 

778.4 
778.2 
776.8 
776.6 
776.8 
777.4 
776.8 

775.0 
775.4 
775.8 
775.2 
774.2 
774.0 
774.0 
773.8 
773.6 
773.6 
773.6 
771.0 
771.6 
771.0 
770.0 
770.0 
769.0 
768.6 

- 

Sheet No.: 1 

Column, 30 in dia. Test D r u m  - 
Weipht 
Chanae 
(Ibm) 

0.n 
-0 .2  
-1.6 
-1.8 
-1.6 
-1.0 
-1.6 

-3.4 
-3 .0 
-2.6 
-3 .2 
-.4.2 
-4.4 
-4.4 
-4.6 
-4.8 
-4.8 
-4.8 
-7.4 
-6.8 
-7 .4 
-8 .4  
-8 .4  
-9.4 
-9.8 , 

- 

~~ ~ 

Nates 

3epin t e s t  

h d  t e s t  

Contract 0SnOO E21 PaRe Fa. : - 
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. Permeability Data Sheet - . .. 

1 Scale No. : Sheet N O .  : 1 

Test No.: 16 
Test Description: - - - 

late 

- 
0-5-81 

n-6 
0-6 

0-9 
0-12 
0-13 
0-14 

0-5 

0-7 
0-8 

n-15 
0-19 
0-20 
0-21  

- 

!230 
!30O 
1900 
L630 
1900 
1900 
1000 
LO30 
.600 
1630 
L630 
L130 
L730 
!loo 

31 ap sed 
Time 
(hrs. ) 

- 
0 

10.n 
17.5 
34.0 
58.0 
93.0 
55.5 , 
85.0 
09.5 
33.5 
24.5 
54.5 
82 .0  

Temp. 

(OF) 

- 
- 

73 .6  
6 3 . 6  
6 5 . 1  
50 .5  
51 .0  
5 3 . 6  
57 .4  
6 5 . 0  
64 .0  
6 4 . 0  
48 .3  
6 0 . 8  
53.4  

ileipht 

(lbm) 

- 
- 

364 .6  
364 .4  
3 6 4 . 2  
363 .8  
363 .8  
363 .8  
363 .8  
3 6 3 . 8  
3 6 3 . 8  
3 6 4 . 0  
3 6 3 . 2  
363 .4  
3 6 3 . 2  

Weipht 
Chanpe 
(lbm) 

Notes 

0 . 0  
- 0 . 2  
- 0 . 4  
-0.8 
-0.8 
-0.8 
-0.8 
-0.8 
-0.8 
- 0 . 6  
- 1 . 4  
- 1 . 2  
- x . 4  

1 Samle taken 
egin t e s t  

:nd t e s t  
ample taken 

Contract 0500@ 



62.4 
56.6 
64.0 
6 4 . 0  

. 
i . 

Permeability Data Sheet 

542.2 
541.6 
541.6 
541.4 

Scale No. : 1 

- - 
66.0 
62.8 
59.8 
67.0 
58.6 
56.6 
57.0 
63.1 
55.3 
53.9 - 

aceet No. : 1 

540.4 
540.4 
540.2 
5 4 @ .  0 
510.0 
539.6 
539.0 
538.8 
538.6 
538.4 
538.0 
537.8 
537.6 

Test No. : 17 
T~~~ Description: Permeability of 0.037 in. Thick Fabric - 

Date 

i-- 

.1-20-8 

.1-23 

.l-24 

.l-25 

.1-3n 

.2-1 

.2-2 

.2-3 

.2-4 

.2-7 

.2-9 

.2-10 

.2-11 

.2-14 

.2-15 

.2-16 

.2-21 

Time 

1400 
0800 
0800 
1100 
1645 
1600 
0900 
0800 
0930 
1000 
1300 

1630 
1730 

0900 
0900 

1630 

1300 

Elapsed 
Time 
(hrs.) 

0.0 
66.0 
90.0 
117.n 
243. (r 
266.0 
283.0 
306.0 
331.5 
404. n 
455. n 
5M.5 
579.5 
599.0 
619.0 
739.0 

482.5  

Temp. 

( O F )  

Weipht 
Chanpe 
(Ibm) - 
0.0 
-0.6 
-0.6 
-6.8 
-1.8 
-1.8 
-2.0 
-2.2 
-2.2 
-2.6 
-3.2 
-3.4 
-3.6 
-3.9 
-4.2 
-4.4 
-4.6 

Notes 

Begin test 

End test 

Contract 0500@ 
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sheet NO.: - 



Permeability Data Sheet 

Scale No. : 1 
Test No.: 19 

Date 

- 
12-22-8 
12-22 
12-23 
12-24 
12-24 
12-25 
12-26 
12-27 
12-28 
12-29 
12-30 
12-31 
1-1 
1-2 
1-3 
1-4 

Time 
I 

- 
2100 
2100 
1330 
1930 
2115 
1140 
1120 
945 

L O O 0  
L700 
1700 
LhOO 
1100 
1830 
1200 
I900 

Elapsed 
Time 
(hrs . ') 

0 
16.5 
36.5 

63.0 
87.0 
09.5 
33.5 
64.5 
88.5 
11.5 
30.5 
52.0 
80.5 
01.5 

48.5 

Temp. 

(OF) 

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 

- 

411.6 
410.4 
409.8 
409.6 
409.6 
409.6 
409.6 
409.6 
409.6 
409.2 

409.6 
409.2 
409.2 
409.4 
409.4 

409.2 

Weirht 
Chanpe 
(lbm) 

- 
0 

-0.6 
-0.8 
-0.8 
-0.8 
-0.8 
-0.8 
-0.8 
-1.2 
-1.2 
- 1 . 4  
-1.. 2 
-1.2 
-1.2 
-1.0 

Skeet No. : 1 

bri 

Notes 

Sample taken 
Begin test 

Znd test 

Contract 0500@ I 



. 



9 

Permeability Data Sheet 

- 
Date 

- 
!-22-81 
1-22 
1-23 
1-24 
1-24 
1-25 
!-26 
!-27 
!-28 
!-29 
!-3@ 
!-31 
.1-82 
,2 
, 3  
'4 

Scale N O .  : 3 
Test MO. : 21 

Time I Elapsed 
Time 

(hrs. I 
2130 
2130 
1300 
0930 
2115 
1140 
1120 
945 
1000 
1700 
1700 
1600 
1100 
0830 

0400 
12110 

0 
16.0 
36.0 
48.0 
62.5 
86.5 
109.0 
133.0 
164.0 
188.0 

230.0 
251.5 
280.0 
301.0 

211. n 

. 
Sheet No.: 1 

ili- of 0.020 in Thick Fabric. With Aluminum 

Temp. 17eipht 

(OF) (Ibm) 

49.6 424.8 
49.6 423.6 - 423.2 
48.4 423.2 
49.0 423.2 
51.6 423,2 
54.7 423.2 
54.4 423.2 
54.3 423.2 

422.6 
49.2 422.8 
55.1 423.0 
46.8 422.6 
50.0 422.6 
54.0 422.8 
46.5 422.6 

- 
0.0 
-0.4 
-0.4 
-0.4 
-0.4 

-0.4 
-1.0 
-0.8 
-0.6 
-1.0 
-1.0 
-0.8 
-1.0 

-a. 4 
-0.4 

Notes 

Sample taken 
3epin test 

Ind t e s t  

Contract o500@ Pare No. : E27 
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$k.eet NO.: 1_ 



PERMEABILITY DATA SHEET 
-. -. 

Scale No. : 3 Sheet No.: 1 
Test No.: 23 
Test Description: Permeability of Taped Joints in Sheet Aluminum 

+0.4 

-0.2 

0.0 

0.0 

-0.2 End Test 

Elapsed 
Time 
(hrs.) 

Temp. Ileipht Weipht 

(OF) (lbm) (lbm) 
Chanpe Notes 

I 
- - Sample Taken 

40.2 435.2 0.0 Begin Test 

42 ;6 435.4 +0.2 

0 . 0  

49.5 

12-4 I 1430 71.0 37.8 I 535.0 I -0.2 I 
12-5 1 1700 97.5 I 435.0 I -0.2 I 
17-6 I 1100 115.5 24.4 I 434.4 I +0.2 I 
12-8 I 1400 166.5 36.3 I 435.0 I -0.2 I 
12-10 I 1630 217.0 37.8 I 434.8 I -0.4 I 
12-11 I 0830 233.0 37.0 I 434.8. -0.4 I 
12-15 I 0930 330.0 52.8 I 435.4 +0.2 I 
12-16 I 0930 354.0 - I 435.6 +0.4 I 
12-18 I 1700 409.5 53.4 I 435.6 +0.4 I 
12-22 I 1730 506.0 56.2 I 435.6 

12-24 I 1030 547.0 47.1 I 435.0 

12-25 ’ I 1630 577.0 435.2 

435.2 

435.0 

13-1 . I 1130 668. o 
13-3 I 1500 719.5 

~ 

Contract 175000 Pape KO. : E29 - 
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Figures E l  thru E13 

Figures E14 thru E16 - Bench Scale Permeability Tests 

- IFR Deck Fitting Emission Tests 



E3 1 

22,5" I , D  , 
0 TEST D W l  - 

METAL TO RETAL 

WOODEN PALLET PLACED 

FIGURE E l  IFR DECK FITTING MISSION TEST NO, 1, ACCESS HATCH COVER, 
UHGASEED 



ii 

/-- 

22,s" I ,D s 
/TEST DRU!? \ / 



E3 3 

r 0 . 0 8 3 "  C I R C U t i R R E N T I A L  

I 

GAP 

2" NOH, D I A ,  ALUI-1, P I P E ,  

COVER TE%IOt4ING CABLE 

1 U2" N O I i  D I A .  ALUfl. 

O O D W  PALLET PLACED ON 

F I G U R E  E3 I F R  DECK F I T T I N G  EPI ISSION TEST NO. 3, 1 1/2" DI.41iETER 
ADJUSTABLE ROOF LEG 



E34 



22,s" I . D ,  
TEST DRUI.1 

C A S K E T 7  

I 

8" NOfl. D I A ,  ALUN, 
-PIPE, SCH,  40 
1- 1/8" C I R ,  GAP 

+ II I 

I n I 

FIGURE E5 IFR DECK F I T T I N G  E M I S S I O N  TEST NO, 5, 
8 IN, D I A ,  PIPE COLUflN \!ELL 



E3 6 

22.5" I , D  I 
/ TEST DRUH 

1 U2" NOfl, D I A ,  ALUM, 

C O W !  TENSIONING 

FIGURE E6 IFR DECK FI l l ING EKISSION TEST NO,  6, 
1 IN, D I A ,  STUB DRAIN 



I 
E3 7 

COLUFW 4 ~ 

NO GASKET FOR TESTS 7 .% 9B 
GASKET FOR TEST 9 A  

22,S" I,D, 
TEST DRUE 

3/8 IN, THICK 
FLEXIBLE FOAM SEAL 

FIGURE E7 IFR DECK FITTING EMSSICIJ TEST NOS, 7, 9A, AND 9B 
PHASE 1 COLUI!N \!ELL 





F39 

0,037 IN ,  THICK 
POLYUZETHANE COATED 
NYLON FABRIC 

6" NOFI, DIA, ALUIi, 

COVER TENS I ON I NC- 

PL4CED ON SCALE 

FIGURE E9 I F R  DECK FIlTING EFIISSION TEST NO. 10, 
PHASE 2 COLUItN \ELL 



. .  

r 



EG1 
I 

/ -:- 
22,5" I ,  D , 
TEST DRU! 

1/8" THICK SPACERS 

T I 
FIGURE E l l  IFR BECK FITTING EMPIISSION TEST NO, U, 

ACCESS HATCH COVER WITH 1 /8  IN, GAP 



E42 



E 4 3  

BUILT-UP 
COLUIlN 

I I  

I H 

30" I , D ,  
/ TEST DRUll 

COVER TENSIONING 
'CABLE 

VOODEN PALLET 
PLACED ON SCALE 

FIGURE U3 IFR DECK FITTING d ~ l I S S I O N  TEST NO, 15, 1 /8  IN, GAP 
AROUND BUILT-UP COLUflN V I T H  30 I N ,  D I A ,  COLUIlN HELL 



POLYURETHANE COATTED 
NYLON FABRIC 

I I 



I 
E45 

CASKET 

~ COVER TENS I ON I NE 

PIACED ON SCALE 

PEX?l€AEI L I P  FIGURE BEITCH SCALE PERIIEABILITY TEST NO 21 
OF POLYUREATRANE COATED NYLON FABRiC WiTH TAPED SEVlS 



E46 

FIGURE ~ 1 6  BENCH SCALE PEPSIEABILITI 
NO- 23,  PERMEABn.1TI 

OF TAPED JOINTS IN SHEET ALUMINUM 
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APPENDIX F 

Laboratory Evaporation Test Data 



Table F1 Laboratory Evaporation Test Data, Series. 1 

F2 

Loss Notes 
Rate 

Weight 
Change 

Weight Flask Test 
(Days 1 (psi) (-1 ( g m I W )  N ~ .  Outation 

0 0 n-Pentane, 
me 1 1 0 234.53 

5 231.12 3.41 0.682 

221.50 13.03 0.686 
226.33 8.20 0.684 12 

19 . 
26 216.52 

2 0 238.58 

18.01 0.694 Final 

0 0 n-Pentane, 
me 1 235.58 3.00 0.600 

231.29 7.29 0.607 
226.87 11.71 0.617 

5 
12 
19 
26 222 :43 

3 0 236.73 

16.15 0.622 Final 

0 0 n-Pentane, 
m e  I 233.65 3.08 0.617 5 

229.32 7.41 0.617 12 
19 224.80 11.93 0.629 
26 220.32 

n .; 244.09 
5 240.78 3.31 

16.41 0.631 Final 

0 n n-Pentane, 
me I 0.662 

236.07 8.02 0.667 
231.24 12.85 0.677 

4 

12 
19 
26 226.30 17-72 0.682 F i n a l  

n-Pentane, 242.77 0 0 
me = 5 0 

5 
12 
19 
26 

239.67 3. io 0.610 
235.32 7.45 0.622 
230.76 12.01 0.631 
226.16 16.61 6.641 Final 



F3 

_ -  

Table F 1  Laboratory Evaporation Test D&ca, Series 1 

~~ 

Flask Test Weipht Weight Loss Notes 
No. Duration Change Rate 

(Days ) (pm) (gm) (gm/daY) 

6 0 229.39 0 0 n-Hexane, 
Type I 5 228.53 0. R60 0.172 

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 me I 

12 241.72 2.m 0.173 
19 240.44 3.36 0.177 
26 239.i7 4.63 0.178 F i n a l  

. 8  0 242.95 0 0 n-Hexane, 
5 242.08 0.870 0.174 m e  I 
12 240.85 2.10 0.175 
19 239.58 3.37 0.177 
26 238.32 4.63 0.178 Final 

9 o i i  240.69 0 0 n-Hexane , 
5 239.93 0.76 0.152 m e  I 

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 me I 

12 237.18 2.08 0.173 
19 235.89 3.37 0.177 
26 234.60 4.66 0.179 Final 



i . F4 

- Table ~1 Laboratory Evaporation Test Data, Series 1 

LOSS Aotes 
Rate 

Weight 

Change (-/day) 

Flask Test Weight 
Duration 

(Days ) (em) (Bm) 
No. 

0 0 n-Rep tane, 
Type 1 

11 0 243.51 
5 243.34 

1 2  243.04 
1 9  242.68 
26 242.30 

12 0 266.54 
5 246.37 

1 2  246.07 
245.74 19 

26 245.40 
246.31 0 0 n-Heptane, 

0.170 0.034 
0.470 0.039 
0.830 0.044 
1.21 0.046 Final 

0.170 0.034 
0.470 0.039 
0.800 0.042 
1.14 0.044 

0 0 n-Heptane, 
Wee I 

Final 

Type I 13  0 
0.160 0.032 
0.450 0.037 
0.780 0.041 
1.13 0.043 Final 

5 246.15 
12  245.86 
19  245.53 
26 245.18 

14 o f  247.14 
5 246.98 

1 2  246.70 
246.39 19 

26 246.06 

15 0 247.55 
5 247.39 

12 247.12 
19 246.79 
26 246.50 

0 0 n-Heptane , 
m e  1 0.160 0.032 

0.440 0.037 
0.750 0.039 
1.08 0.042 F i n a l  

0 0 n-Hep tane, 
Type I 0.160 0.032 

0.430 0.036 
0.760 0.040 
1.05 0.040 F i n a l  
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Table F1 Laboratory Evaporation Test Data, Series 1 

Flask Test Weight Weight Loss Notes 
No. Duration Change Rate 

(Days) ( pm) (en) (gm/daY) 

16 0 247.26 0 0 n-Octane. 
5 266.24 0.020 0.004 m e  I 

1 2  247.15 0.110 0.009 
1 9  247.02 0.240 0.013 
26 246.91 0.350 0.013 F i n a l  

1 7  0 247.08 0 0 n-Octane, 
5 247.07 0.010 0.002 m e  I 

1 2  246.99 0.090 0.008 
19 246.88 0.200 0.011 
26 246.78 0.300 0.012 F i n a l  

18 0 245.76 0 0 n-Octane, 
5 245.73 0.030 0.006 m e  I 

1 2  245.66 0.100 0.008 
1 9  245.55 0.210 0.011 
26 245.43 0.330 0.013 F i n a l  

,248.26 
5 248.24 

1 2  248.17 
19 248.07 
26 247.97 

.' 19 0 .  0 
0.020 
0.090 
0.190 
0.290 

0 n-Octane, 
0.004 %e I 

0. n i o  
0 .008 

0.011 F i n a l  

20 0 247.43 
5 247.41 

12 247.34 
19 247.23 
26 247.14 

0 
0.020 
0.090 
0.260 
n. 290 

~ 

0 n-Octane, 
0.004 me I 
0.008 
0.011 
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 ) (pm) (gm) (gm/daY) 

21 0 244.15 0 0 i-Octane, 
5 243.92 0.230 0.046 Type I 
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 Tape I 
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 i-Octane, 
5 247.02 0.190 0.038 m e  1 
12 246.69 0.520 0.043 
19 246.35 0.860 0.045 
26 L’ 246.01 1.20 0.046 Final 

24 0 247.95 0 0 i-Octane 
5 247.77 0.180 0.036 TsTpe 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 m e  1 
12 246.63 0.520 0.043 
19 246.30 0.850 0.045 
26 245.97 1.18 0.045 Final 
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Table F1 Laboratory Evaporation Test Data, Series 1 

Flask Test Weight Weight Loss Notes 
No * Duration Change Rate 

(Days 1 ( pm) ( P) ( gml day ) 

Benzene, 26 0 275.66 0 0 

12 273.96 1.70 0.142 
19 272.45 3.21 0.169 
26 270.75 4.91 0.189 F i n a l  

275.20 0.460 0.092 Type I 5 

27 0 274.23 0 0 Benzene, 
Type I 5 273.81 0.420 0.084 

12 272.62 1.61 0.134 
19 271. I8 3.05 0.161 
26 269.59 4.64 0.179 Final 

28 0 270.09 0 0 Benzene, 
Type I 5 269.71 0.380 0.076 

12 268.55 1.54 0.128 
19 266.99 3.10 0.163 

L’ 26 . 265.15 4.94 0.190 Final 

29 0 269.68 0 0 Benzene, 
Type I 5 269.28 0.400 0.080 

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, 
Type I 5 267.00 0.410 0.082 

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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e Table  F2 Labora to ry  Evapora t ion  T e s t  Data, S e r i e s  2 

Weight Weight Loss Notes 
Rate Test 

Change F l a s k  
(gm/daY) 

NO. Duration 
(Days ) (e) (gm) 

1 0 216.27 
7 216.15 

1 4  215.95 
2 1  215.69 
28 215.42 

2 0 222.20 
7 222.14 
14 222.02 
21 221.84 
28 221.82 

0 n-Pentane. 0 
Tppe I1 0.120 0.017 

0.320 0.023 
0.580 0.028 
0.850 0.030 F i n a l  

0 0 n-Pentane,  
Type I1 0.060 0.009 

0.180 0.013 
0.360 0.017 
0.580 0.021 F i n a l  

a 220. oa 0 0 n-Pentane,  
Type I1 3 

7 219.94 0.180 0.02n 
0.300 0.021 
0.510 0.024 

14 219.78 
21 219.57 ' 

28 219.31 0.740 0.026 Final 
- .- 

0 .  ,226.16 0 0 n-Pentane,  
7 226.05 0.110 0,016 

21 225.67 n. 490 0.023 
28 225.43 0.733 0 . m  F i n a l  

Type I1 4 

1 4  225.89 0.270 0.019 

0 225.90 0 0 n-Pentane,  
7 225.78 0.120 0.017 

21 225.35 0.550 0,026 
28 225.06 0.840 0.030 F h l  

Tppe I1 5 

1 4  225.59 0.310 0.022 
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Table F2 Laboratory Evaporation Test Data, Series 2 

Flask Test Weipht Weight Loss Notes 
No. Duration Change Rate 

(Days 1 (8m) (gm) (gmlday) 

6 0 224.56 0 0 n-Hexane 
Type I1 7 224.51 0.050 0.007 

14 224.44 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 , 
Type I1 7 238.95 0.050 0.007 

14 238.91 0.090 0.006 
21 238. a i  0.190 0.009 
28 238.68 0.320 0.011 F i n a l  

a 0 238.16 0 0 n-Hexane , 
Type 11 7 238.11. 0.050 0.007 

1 4  238.04 0.120 0.009 
21 237.93 0.230 0.011 
28 '3. 237.78 0.380 0.014 Final 

9 0 236.19 0 0 n-Hexane , 
Type I1 7 236.13 0.060 0.009 

14 236.05 0.140 0.010 
21 235.93 0.260 0.012 
28 235 :7a 0.410 0 . 0 1 5  F i n a l  

1 0  0 234.43 0 0 n-Hexane, 
Type I1 7 234.31 0.120 0.017 

1 4  234.19 0.240 0.017 
21 234.04 0.390 0.019 
2a 233. aa 0.550 0.020 F i n a l  
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- Table F2 Laboratory Evaporation Test Data, Series 2 

Weight Loes Notes 
Rate Flask Teat Weight 

(gm/daY) 
NO. Duration 

16 0 246.74 0 0 n-Octane, 

(Days ) (e) (gm) 

Type 11 7 246.71 0.030 0.004 
14 246.6a 0.060 0.004 
21 246.62 0.120 0.006 
2a 246. 55 0.190 0.007 Final 

17 0 246.62 0 0 n-Octane, 
Type I1 7 246.57 0.050 0.007 

21 246.46 0.160 0.008 
20 246.39 0.230 0 .  ooa Final 

14 246.54 0.000 a. 006 

i a  0 245.27 0 .  0 n-Octane, 
Type I1 

7 245.23 0.040 0.006 
14 245-23 0.040 0.003 

2a 245.12 . 0.150 0.005 F i n a l  
21 -245.19 0.080 0.004 

19 0 . .  247.80 0 0 n-Octane, 
Type I1 7 247.78 0.020 0.003 

14 247.78 0.020 0.001 
21 247.75 ,0.050 0.002 
2a 247.69 0.110 0.006 Final 

0 246.99 0 0 n-Qctane, 
7 246.97 0.020 0.003 Type I1 20 

14 246.97 0.020 o.on1 
21 246.95 0.040 0.002 
20 266.90 0.090 0.003 Final 

I 
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Table  F2 Labora tory  Evapora t ion  T e s t  Data, S e r i e s  2 

F l a s k  Test Weight Weight Loss Notes 
NO. Duration Change Rate 

(Days ) cm (e) (-/day) 

26 0 270.57 0 0 Benzene, 
Type I1 7 269.54 1.03 0.147 

1 4  268.29 2.28 0.163 
21 266.83 3.74 0.178 
28 265.30 5.27 0.188 F i n a l  

27 0 269.43 0 0 Benzene, 
Type I1 7 268.48 0 .950  0.136 

1 4  267.24 2.19 0.156 
21 265.79 3.64 0.173 
28 264.27 5.16 0.184 F i n a l  

28 0 264.98 0 0 Benzene, 
Type I1 7 263.68 1.30 0.186 

1 4  262.15- 2.83 0.202 
2 1  260.48 4.50 0.214 
28 b: 258.75 6.23 0.223 F i n a l  

29 0 264.78 0 0 Benzene, 
7 263.56 1.22 0.174 Type I1 

1 4  262.16 2.62 0.187 
21 260.70 4.08 0.194 
28 259 :l9 5.59 0.200 F i n a l  

30 0 262.50 0 0 Benzene, 
7 261.24 1.26 0.180 Type I1 

1 4  259. a3 2.67 0.191 
21 258.24 4.26 0.203 
28 256.60 5.90 0.211 F i n a l  
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Table  F3 Labora tory  Evaporat ion T e s t  Data, S e r i e s  3 

~ 

T e s t  Weight Weight Loss Notes 
Rate F l a s k  

(gm/daY) 
No. Dura t ion  -ge 

(Days ) (pm) (gm) 

31 0 247.96 0 0 n-Pentanefn-Octane, 
~ e T  -. 6 246.48 1.48 0.247 

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 o n:PentaneLn&tane, 
6 246.14 1.39 0.232 Type I 

13 244.55 2.98 0.229 
20 242.94 4.59 0.230 
27 241.37 6.16 0.228 F i n a l  

~~ ~ 

0 n-Pentane/n-Octane. 33 0 246.11 0 
6 244.63 1.48 0.247 Type I 

13 242.91 3.20 0.246 
20 241.21 4.90 0.265 
27 ‘j: ,B9.56 6.55 0.263 Final 

34 0 243.42 0 o n-Pentanefn-Octare,  
6 241.98 I 1.44 0.240 Type I 

13 240.32 3.10 0.239 
20 238.68 4.74 0.237 
27 237.09 6.33 0.234 F i n a l  

~~ 

35 0 245.98 0 O n-Pentanefn-Octane, 
6 240.62 1.36 0.227 Type I 

13 243.00 2.98 0.229 
20 241.43 4.55 0.228 
27 239 .a9 6.09 0.226 Final 
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Table F3 Laboratory Evaporation Test Data, Series 3 

Flask Test Weight Weight Loa s Notes 
No. Duration Change Rate 

(Days) tern) (gm) (gmlday) 

36 0 257.64 0 0 n-Pentaneln-Octene, 
Type 111 6 256.88 0.76 0.127 

13 256,OO 1.74 0.134 
20 255,ll 2.63 0.132 
27 254.15 3.59 0.133 F i n a l  

37 0 260.03 0 0 n-Pentaneln-Octent!, 
Type 111 6 259.25 0.78 0.130 

13 258.38 1.65 0.127 
20 257.90 2.53 0.127 
27 256.60 3.43 0.127 Final 

38 0 259.84 0 0 n-Pentanefn-Octane, 
Type I11 6 259.10 0.74 0.123 

13 258.23 1.61 0.124 
20 257.34 2.50 0.125 
27 , .256.46 3.38 0.125 F i n a l  

~ 

39 0 255.84 0 0 n-Pentaneln-Octane, 
Type 111 6 255.07 0.77 0.128 

13 254.22 1.62 0.125 
20 253.36 2.48 0.124 
27 252.52 3.32 0.123 F i n a l  

40 0 259.48 0 0 n-Pentaneln-Octane, 
Type 111 6 258.69 0.79 0.132 

13 257.79 1.69 0.130 
20 256.88 2.60 0.130 
27 255.96 3.52 0.130 F i n a l  



Series 4 

. Notes 

Table ~1 LaboratOv Evaporation Test Data' 

LOSS 
Rate 

Weight Weight Flask Test Chanpe 
(gm/daY) 

0.160 Type 1 

No. Duration (gm) ( gm) 
(days) 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 
1 
4 

12 
18 
25 
32 
42 

0 
1 
I 
8 
12 
18 
25 
32 
42 

0 n-Hexane. 0 
0.160 

341.51 

0.510 
311.35 

0.960 
341.00 

1.45 
360.55 

339.31 3.03 
3.89 

338.48 
337.62 5.08 336.43 

0 
0.150 

327.67 

0.510 
327.52 

0.950 
327.16 

1.41 
326.72 
326.26 

2.16 325.51 
2.99 324.68 
3.80 323.83 
5.05 322.62 

329.40 
329.24 
328.90 
328.45 

1.43 327.97 
2.18 327.22 
3 .OO 326.40 
3 .85 325.55 
5.05 324.35 

0 
0.140 

329.26 

0.500 
329.12 

0.950 
328.76 

1.41 
328.31 
327.85 

2.15 327.11 
2.91 326.29 
3.81 

324.25 

0.128 
0.120 
0.121 
0.122 
0.121 
0.122 
0.121 

1 

340.06 2.20 

F i n a l  

0 n-Aexane I 

0.150 Type = 
0.128 
0.119 
0 .ll8 
0.120 
0.120 
0.120 
0.120 

2 

Final 

0 n-He%ane, 
0.160 Type * 0 

0.160 
0.500 
0.950 

0.125 
0.119 
0.119 
0.121 
0.120 
0.120 
0.120 

0 
0.140 
0.125 
0.119 
0 .I18 
0.119 
0.119 
0.119 
0.119 

3 

a 

Final 

n-Hexane 9 

Type I 4 

Final 325.45 0.01 

0 
1 
L 
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-. .. Table  F4 Labora tory  Evapora t ion  T e s t  Data, Series 4 

F la sk  Test Weight Weight Loss Notes 

(days) (gms) (pm) (gmlday) 
No. Durat ion  Change Rate 

6 0 348.57 0 
1 348.42 0.150 
4 348.02 0.550 
8 347.42 1.15 

1 2  346.90 1.67 
18 346.01 2.56 
25 345.01 3.56 
32 343.97 4.60 
42 342.19 6.38 

0 n-Hexane , 
0.150 TsTpe 111 
0.138 
0.144 
0.139 
0.142 
0.142 
0.144 
0.152 F i n a l  

7 0 335.18 
1 335.02 
4 334.65 
8 334.08 

12  333 * 54 
18 332.65 
25 331.66 
32 330.61 
42 328.87 

0 
0.160 
0.530 
1.10 
1.64 
2.53 
3.52 
4.57 
6.31 

0 
0.160 
0.133 
0.138 
0.137 
0.141 
0.141 
0.143 
0.150 

n-Hexane, 
Type 111 

F i n a l  

8 0 333.12 0 0 n-Hexane, 
1 332.95 0.170 0.170 Type I11 
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 F i n a l  

9 0 
1 
4 
a 

1 2  
18 
25 
32 

345.37 
345.21 
344.83 
344.19 
343.63 

341.66 
340.62 

342.70 I 2 ;'ki 0.148 
, 3.71 0.148 

4.75 0.148 
42 338.76 6.61 0.157 F i n a l  

10  0 327.40 0 0 n-liexane. 
1 327.24 0.160 0.160 Type 111 
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 F i n a l  
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-: Table F4 Laboratory Evaporation Test  Data, Series 4 
~ ~~~ ~ 

Flask T e s t  Weight Weight Loss Notes 
No. Duration Change Rate 

(days) (Bms) (e) (PI day) 

11 0 354.24 0 0 Benzene, 
1 354.15 0.090 0.090 Type 1 
4 353.96 0.280 0.070 
8 353.68 0.560 0.070 

1 2  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 
1 

363.26 0 0 
363.18 0.080 0.080 

Benzene, 
T w e  I -, r - 

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 0 366.70 0 0 Benzene, 
1 366.63 . 0.070 0.070 me I 
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 

32 364.60 2.10 0.066 
42 363.93 2.77 0.066 Final 

25 365.08 1.62 . 0.065 

1 4  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 

' 353.73 1.67 0.068 25 
32 353.26 2.14 0.067 
42 352.57 2.83 0.067 Final 

354.18 1.22 0.068 18 . 

0 
1 
4 
8 

12 
18 
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=:-Table F4 Laboratory Evaporation Test Data. Series 4 

Flask Test Weight Weight Loss Notes 

(days ) (gms) (€30 (gm/day) 
No. Duration Change Rate 

16 0 363.42 0 0 Benzene, 
1 363.31 0.110 0.110 Type 111 
4 363.02 0.400 0.100 
8 362.72 0.700 0.088 

12 362.18 1 . 2 4  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 
1 
4 
8 

12  
18 
25 
32 
42 

378.38 
378.29 
378.01 
377.65 
377.31 
376.85 
376.31 
375.77 
371-93 

0 
0.090 
0.370 
0.730 
1 . 0 7  
1 .53  
2.07 
2 .61  

. 3 * 4 5 '  

0 
0 ,090 
0.093 
0.091 
0.089 
0.085 
0.083 
0.082 
0.082 

Benzene, 
Type 111 

F i n a l  

18 0 368.93 0 0 Benzene, 
1 368.85 0.080 0.080 Type 111 
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 

42 366-02 2.91 0.069 Final 
32 366.69 2.24 - 0.070 

19 0 361.66 0 0 Benzene, 
1 361.57 0.090 0.090 Type SI1 
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 111 
4 378.09 0.350 0,088 
8 377.79 0.650 0 - 081 ..__. - _ _ _  

12 377i26 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 3 .64  0.087 F i n a l  



Data, Series 4 Table F4 Laborato- Evaporation Test 

Notes LOSS 
Rate 

Weight 
Change 
(gm) (gmldap) 

Test Weight 

(gms) (days) 
muation 

Flask 
No. 

Gasoline. 
me I 0 

0.350 
0.325 
0.303 
0.295 
0.278 
0.262 
0.248 
0.232 

0 
0.360 
0.325 
0.308 
0.294 
0.278 
0.262 
0.249 
0.233 

0 
0.350 
0.328 
0.308 
0.295 
0.278 
0.261 . 0.247 
0.230 

0 
0.350 
1.30 
2.42 
3.54 
5.01 
6.54 
7.94 
9.73 

0 
0.360 
1.30 
2.46 
3.53 
5.01 
6.55 
7.96 
9.80 

0 
0.350 
1.31 
2.46 
'3.54 
5.00 
6.53 
7.90 
9.68 

339.72 
339.37 
338.42 
337.30 
336.18 
334.71 
333.18 
331.78 
329.99 

337.62 
337.26 
336.32 
335.16 
334.09 
332.61 
331.07 
329.66 
327.82 

340.85 
340.50 
339.54 
338.39 
337.31 
335.85 
334.32 
332.95 
331.17 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 

21 . 

F i ~ d  

Gasoline, 
m e  * 24 

Final 

Gasoline. 
me 1 25 

Final 

i 
4 
8 
12 
18 . 
25 
32 
42 

0 
1 
L 

r n  
> L  

42 

0 
1 
L 
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-. . Table 31 Laboratory Evaporation Test Data, Series 4 

Flask Test Weight Weight Loss Notes 

(days) (gms) (gm) (gmlday) 
No. Duration Change Rate 

26 0 346.81 0 0 Gaso 1 ine , 
1 346.51 0.300 0.300 Type I11 
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 
1 
d 
8 
12 
18 
25 
32 
42 

342.89 
342.58 
341.85 
341.11 
340.32 
339.23 
338.10 
337.03 
335.35 

0 
0.310 
1.04 
1.78 
2.57 
3.66 
4.79 
5.86 
7.54 

0 
0.310 
0.260 
0.223 
0.214 
0.203 
0.192 
0.183 
0.180 

Gasoline, 
Type 111 

Final 

30 0 347.42 0 0 Gasoline, 
1 347.12 0.300 0.300 Type I11 
4 346.41 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 Or196 Final 

. 
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Table F4 L&oratoq Evaporation  est Data. Series 

Notes LOSS 
Rate 

weight. weight 

(gm/daY) 

0.130 

n. 080 n. 066 
n. 046 

change 
Flask Test 

Duration (gm) 
(gmS) 

No. 
(days) 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 
1 
4 
8 
12 

25 
32 
42 

0 
1 
4 
8 
12 
18 
25 
32 
42 

0 
1 
4 

12 
18 
25 ' 

32 
42 

0 

0 ptopaneIn-Octaner 
Type I 

0 352.08 
0.130 
0.440 

351.95 
351.64 
351.31 0.740 

0.960 
1.18 

351.12 
350.90 

1.34 
1.48 

350.74 
350.60 
350.66 1.62 

0 341.17 
341.02 

0.450 
0.740 

340.72 
340.43 340.20 0.970 

1.18 
1.33 

339.99 

1.46 
339.84 

1.59 
339.71 
339 -58 

0 335.47 335.34 0.130 
335.02 0,450 
334.72 0.750 

0.960 
1.17 

334.51 

1.34 
331.30 

1.48 
334.13 

1.62 
333.99 
333 -85 

0 
0.130 

335.87 
335.74 
335.41 0.460 
335.12 0.750 
334.88 0.990 
334.67 1.20 
.334.51 1.36 

1.49 
1.62 

0.110 
0.093 

0.054 

0.039 

31 

Final 
0 _ _  Qro-paneln-Octane P 

0.150 n. 150 Type I 
11.113 

n .081 n. 066 
n. 053 

n. 038 

0.093 

32 

Final 
0.046 

l a  

propaneln-octane, 
Type 1 0.130 

0.113 
0.094 
0.080 
0.065 
0.054 
0.046 - 0.039 

0.130 
0.115 
0.094 
0.083 
0.067 
0.054 
0.047 
0.039 

34 

Final 
0 provaneIn-Octane, 

m e  I 35 

a 

Final 
334.38 
334.25 

1 
4 
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_i Table F4 Laboratory Evaporation Test Data, Series 4 

Flask Test Weight Weight Loss Notes 

(days) (gms) (e) (adday) 
No. Duration Change Rate 

36 0 
1 
L 
8 

1 2  
18 
25 
32 
42 

338.71 
338.61 
338.28 
337.98 
337.57 
337.15 
336.74 
336.37 
335.85 

n 
0. 100 
0.430 
0.730 
1 .14  
1.56 
1.97 
2.34 
2.86 

n 
0. l o o  
0.108 
0.091 
0.095 
0 .087  
0.079 
0.073 
0.068 

?ropane/n-Octane, 
Type I11 

Final 

38 0 
1 
4 
a 

1 2  
18 
25 
32 
42 

39 0 3 
1 3 
4 3 
8 3 

1 2  3 
18 3 
25 3 
32 3 
42 3 

4 

- 
4 
4 
4 
3 
3 
3 
3 
3 
3 

, O .  1 4  0 0 Propanein-Octane, 
, O .  03 0.110 0.110 Type I11 
89.74 0.400 0.100 
'9.39 0.750 0.094 
'9 .11 1.03 0.086 
8.73 1 . 4 1  0.078 
8.37 1.77 0.071 

7.59 2.55 0.061 Final 
8.05 2.09 0.065 

0-.!A2. 0 0 Provanein-nctane, _ _  . -  
'0.32 0.100 0. loo 
,0.02 0.400 0.100 

Type I11 
~. . 

9.66 0.760 0.095 
9.32 1.10 0.092 
8.94 1.48 0.082 
8.55 1.87 0.075 
8.20 2.22 - 0.069 
7.71 2.71 0.065 Final 

~ 

40 0 340.09 0 0 Provanein-Octane. 
1 339.97 0.120 0.120 Type I11 
4 339.70 0.390 0.098 
8 339-30 0.790 0.099 

1 2  338.99 1.10 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 

1 2  
18 
25 
32 
42 
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APPENDIX G 

Laboratory Permeability T e s t  Data 
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permeability Test Data For Table GI Laboratory 
plate Control Samples 

LOSS Notes Test Weight Weight Rate 
Change Sample No. Duration 

- - - 
1 . 7 1  
1.77 
1.62 
1.59 

5 1 277.21 1.71 

Fina l  Value 
3.53  

275.50 

a .12 
273.68 

9.55 
269.09 
267.66 

Average LOSS mte 

0 

2 
5 
6 - 1.92  adday 

S t a a w d  Deviation - 25x 
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Table G2 Laboratory Permeability Test Data For 
Polyurethane Coated Nylon Fabric 

Sample Test Weight Weight Loss Notes 
No. Duration Change Rate 

(days) ( gm) ( e) (e/ day) 

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 

a 0 216.12 - - 
1 197.19 18.93 18.93 
2 182. i a  33.94 16.97 
5 146.76 69.36 13.87 
6 132.60 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. ga 13.00 
6 143.63 73.64 12.27 Final Value 

10 0 240.79 - - 
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 Qeviatioa - 5.3% 
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Wind Speed C a l i b r a t i o n  of T e s t  Tank 



Symbol 

5 
cP 

CPL 

cm 
CPO 

8C 

D 

H 
h 

P 

pM 

pR 

q 

qIN 

q0UT 

W 

P 

e 

eM 

Nomenclature for Appendix H 

Description 

Vent Discharge Flow Coefficient 

Pressure Coefficient at a Shell Vent Location 

Pressure Coefficient at e I 0 rad. 
Pressure Coefficient of the Tank Vapor Space 

Pressure Coefficient at e - 0 rad. 
Diameter of Tank 
Gravitational Constant 
(32.2 lbm ftllbf sec') 
Height of Tank Shell 
Vertical Posftion on Tank Shell 
Reynolds Number of Tank 
Pressure at a Shell Vent'Locatim 
Pressure of the Tank Vapor Space 

Reference Pressure 

Pressure at e - 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 
Shall Having an Area Equivalent to 
0.20 ft2/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 

(E? ::c. ) 
ft 
ft 

lbf /f t' 
lbf/ft2 

lbf / f t 

lbf /€t2 

ft /sec 
ft'lsec 

ft'/sec 

ft 

- 

i w f t 3  
deg. or 
rad. 
deg. or 
rad. 
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Appendix H 

Hind Speed Calibration of Test Tank 

This appendix shows the development of the wind speed c a l i -  
bration of the t e s t  tank. The ca l ibra t ion  consis ts  of a 
mathematical re la t ionship between the a i r  f l o w  r a t e ,  q, which 
i s  passed through the vapor space of the test tank when sinul- 
at ing an internal f loa t ing  roof tank (IFRT), and the equivalent 
ambient wind speed, V, which would cause this a i r  flow rate. 
Since the a i r  flow r a t e  through the vapor space of the  test 
tank can be systematically va r i ed , i t  is thus possible t o  simu- 
late d i f fe ren t  ambient wind speeds and measure t h e i r  a f f e c t  
on emissions. 

An IFRT has both s h e l l  vents and a roof vent t o  permit  the  tank 
vapor space t o  be vent i la ted.  API S t d .  650, Appendix H ,  
Paragraph H.3.8 requires tha t  the tank s h e l l  vents shall be 
a t  l e a s t  0.20 f t 2 / f t  dia., that there  be a t  l e a s t  four s h e l l  
vents on each tank, and tha t  the,maximum s h e l l  vent spacing 
be 32 f t .  The API fu r the r  spec i f i e s  that there  be an Outer 
roof vent with a minimum f l o w  area of SO in2. 

A s  the wind flows over the exter ior  of the tank, a i r  will 
f l o w  in to  the vapor space through some of the  vents and out 
of the vapor space through the rest  of the vents. Normally, 
the amount of a i r  flow through the  roof vent is small i n  com- 
parison t o  &e sum of the air  flows through the  s h e l l  vents,  
and will thus be neglected in the following analysis.  

Based on wind tunnel tests, it has been possible t o  determine 
the pressure coef f ic ien t ,  5, variation over the exterior 
surface of the  tank. In pa r t i cu la r ,  pressure coef f ic ien ts  



H4 

have been measured a t  the location of the shell vents. 
H1 shows the results o f  wind tunnel tests reported by Purdy, 
e t  a1 [6] for the case where D f H  - 2 and where h/H - 0.85 and 
1.00. Figure H2 shows some of the results of the wind tunnel 
tes ts  performed by F l u m e  Engineerkg Corporation under C B I  
Research Contract R-0150 [41.  
H2 is based on the average of four tes ts ,  as shown in Table H I .  
The smoothed cume shown in this fipure is believed t o  be a 
reasonable average of the t e s t  data. 

Figure 

Each data po in t  shown on Figure 

The number of shell  vents varies with the diameter of the 
tank. 

these shell  vents can be approximated by a continuous circum- 
ferential shell  opening of the same equivalent shell  vent area. 

On large diameter tanks the number of shell  vents is 
- considerable. and the vapor space a i r  f low pattern caused by 

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 f t ’ / f t  dia. Thus, 

Note that the API c r i t e r i a  would require the same width of con- 
tinuous circumferential vent opening, regardless of tank dia- 
meter. 

The followiag figure describes the shell vent case under con- 
s ideration. 
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Table H1 Measured Pressure Coef-ficients Cp 
At Shell Vent Locations rRef.41 

~~ 

9 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 0.1616 0.1566 0.1125 0.1499 
42 0.4594 0.4458 0.2519 0.2609 0.3545 
54 -0.3302 -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 -0.6646 
126 -0.4061 -0.5780 -0.5213 -0.4092 -0.0786 
138 -0.3635 -0.4683 -0,3421 -0.2890 -0.3657 
150 -0.4141 -0.5010 -0.4937 -0.6233 -0.1588 
162 -0.4381 -0.5106 -0.4850 -0.3913 -0.4562 
174 -0.3968 -0.4153 -0 -46 24 -0.3811 -0.4139 

D/H 2 2 2 3 

2.82x10' 2.76XlO' 2.87x10' 2.83X10' NRE 



Wind, 
Dircctmn 
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The var ia t ion of s h e l l  pressure coef f ic ien t ,  Cp, and external 
pressure, P, with angle, 8. measured from the windward s ide  of 
the tank can be depicted a s  follows: 

0 

I- e- 

Note that % and PH r e f e r  t o  the pressure coef f ic ien t  and 
pressure. reepectfvely, of the tank vapor space. Thus, from 
e - 0 to e - e, air  w i l l  flow i n to  the vapor space. and from 
e - ex to e - r a i r  WFTS flow out of the vapor space, 
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A t  location 0 ,  where 0 2 0 'eM, the differential volumetric 
f l o w  rate or air into the tank vapor space i s :  

Note that: 

Solving Equation (82) for P. solving Equation (H3) f o r  PHI 
and forming the difference (P-P,), we obtain: 

Combining Equations (81) and (H4.. we get: 

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



using Rpa t ion  (H5) we obtain: 

Similarly. the t o t a l  f low &t of the tank vapor space through 
the she l l  vents,  %m, is: 

Conservation of mass (neglecting the small amount of hydro- 
carbon vapor In the a i r  floving out of the s h e l l  vents) requires 
that: 

Substi tuting Equations (H6) and (H7) in to  Equation (HE) we get  
the following result which allows us t o  determine % and OM. 

Util iz ing the relat ionship between $ and e s h m  by the curve 
in Figure H2, a numerical integration was performed and re- 
sul ted in: 

-0.342 

OM - 56.3 dag. 
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-- 
Putting these results back i n t o  Equation (H6), we have the 
a i r  flow through the tank vapor space. 

I q = 0.830CpV (B10) 

This may be 
From tests performed on a CBI standard, screened, hooded 
she l l  vent [3 ] ,  it was  found that % = 0.570. 
compared t o  the value f o r  i dea l  flow through a s l o t .  

i dea l  - n/ (n+2) = 0.611 
C D V  

Applying the above Equation (B10) t o  the 20 f +  diameter 
tes t  tank, and using the API shell vent area cri teria fo r  
vent opening height,  we get: 

q I (0.830) (0.570) (0.0637ft) (20ft)  V 

? 

(q, %)= 0.602 ( V. - EL) 
O r ,  changing units, we can write: 

Equation (812) is  the wind speed ca l ibra t ion  equation f o r  the 
20 ft.diameter test tank which relates a i r  flow rate, q. in 
scfni t o  equivalent ambient wind speed. V, in mi/hr f o r  an 
internal f loa t ing  roof tank. 

. 

. 
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Pressure Tightness Tests 
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Symbol 

D 

F 

M 

P 

9 

9' 

T 

A 

H 

A?i 

N 

H 

C 

Nomenclature for Appendix I 

Description 

Tank Diameter 

Rotameter Correction Factor 

Molecular Weight 

Pressure 

Volumetric Flow Rate 

Volumetric Flow Rate Per Foot of Tank 
Diameter 

Temperature 

Sub script e 

Indicates 

Indicates 

Indicates 

Indicat ee 

Indicates 

Indicates 
Rotameter 

Air 

Hydrocarbon 

Air and Hydrocarbon Mixture 

Nitrogen 

Measured Conditione of Rotameter 

Calibration Conditione of 

Units - 
ft 

- 
lbm/lbmole 

psia 

S C f m  .. 

sc€m/ft.die. 

OF 
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APPENDIX I 

Pressure Tightness Tests 

During the course of the emission test program performed in the 
20 ft. diameter test tank, a number of pressure tightness tests 
were performed on both primary and secondary seals, and on roof 
decks. Table I1 summarizes the conditions for each pressure 
tightness test and Table I2 mumarizes the test data. 
and times when these pressure tightness tests were performed is 
also indicated on the Calendar of Events (Tables A1 through A15 
in Appendix A). 

The dates 

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. 
floating on either product or water. 
shut off, and one 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 
outside of the test tank and then introduced beneath the IFR com- 
ponent being tested. 
used to cover a wide range of pressure tightness. 
were located both beneath and above the IFR component being 
tested. 
secondary seal was being tested, the pressure taps were located 
180 degrees from the location of the air supply. 
Type 77. Pressure Meter was used to read the pressure differences 
across the I n  component. 

In reducing the f l o w  data df a pressure tightness test. it was 
assumed that the air inlet f l o w  became saturated with product vapor 
before it passed out of the IFR component. The outlet leakage rate 
(Coluum 7 in Table 12) .is thus the measured inlet air flow rate 
(Column 6 in Table 12) corrected to product saturation conditions. 

During a test, the I F R  was 
The inlet air blower was 

Rotameters of different flow ranges were 
Pressure taps 

In the case where a vapor mounted primary seal or a 

An MRS Baratron. 

." : 



For purposes of comparison, the corrected outlet leakage rate was 
converted to a nitrogen equivalent leakage rate (Column 8 in 
Table 12). 
I2 were determined using the following flow data reduction 
equations. 

The pressure tightness test results presented in Table 

Flow Data Reduction 

The measured volumetric air flow rate through the rotameter, qM. 
was first corrected to standard conditions using Eqs. (11) and 
(12). 

The outlet leakage f l o w  rate of air and hydrocarbon,qm, was 
determined by assumb8 that the outlet air f l o w  rate, qA,was 
saturated vith product hydrocarbon vapor using Eq. (13). - 

qA (I3 ) 
9 

Assu~ning that the openings through which the leakage f low passes 
act Like small orifices, the nitrogen equivalent leakage f low rate, 
quf m8y be dete-ed using Eq (It). 
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But, 

Combining Eqs. (14) and (I5), we have: 

F ina l ly ,  the nitrogen equivalent leakage rate  per foot of tank 

diameter, q i  , may be determined us- Eq (17). 

qN 
q" - -  D 

Test Results L 

The pressure tightness tes t  results of Table I2 are plotted on 
Figure I1 and I2 as pressure drop (in 8 2 0 )  versus nitrogen 
equivalent leak rate  (scfm/ft.- dia;).. 

Figure I1 shows that a sippificant improvement in primary seal 
pressure tightness occurred when the f i r s t  replacement primary 
seal was installed on the bolted. contact IFR. Pressure t i p h t -  
nesm Tests  F79 and 8 0  show that af ter  the inlet  a i r  duct heater 
was installed, an kddktional improvement in primary seal t i g h t -  
ness was evident.' 

No pressure tightness tes ts  were performed on the second replace- 
ment primary seal, but visual obserrrations of the contact area 
between the tank shell and second replacement primary seal in- 
dicate that it appeared t o  f i t  better than both the original 
and f i r s t  replacement primary seals. 

. . . . . . . .  -. . . . . .  - . .  . . . . .  __ . - . 
I .  

..... 
. . . . .  . - .  

. - 
..... _. - ...... 
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Since the primary seal used with the welded. contact IFR was liquid 
mounted, it was not 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 primary seal used w i t h  the bolted, contact IFR. 

. A s-lar tightness Test F82 performed on the secondary seal (which 
widentical in construction to the prima- seal) showed that the 
primary and seconday seals were of comparable leak tightness. 
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