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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication 1s to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Measurement Coordination Department
[telephone (202) 682-8000]. A catalog of API publications and materials is published annu-
ally and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the standardization manager, American Petroleum Institute,
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the gen-
eral manager.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, NNW., Washington, D.C. 20005.

Copyright © 2001 American Petroleum Institute



FOREWORD

This standard provides rules for testing the deck seams or deck joints of internal floating
roofs under laboratory conditions to provide evaporative deck-seam loss factors or deck-joint
loss factors. It was prepared by Task Group II of the API Committee on Evaporative Loss
Estimation (CELE).

A testing program was conducted in 1982 that used the pilot tank test method for measur-
ing the deck-seam loss factors of mechanically-joined, contact and non-contact internal
floating roofs. The deck-seam loss factor that is published in API Publication 2519, Evapo-
rative Loss From Internal Floating-Roof Tanks, and in APl Manual of Petroleum Measure-
ment Standards, Chapter 19.2, “Evaporative Loss From Floating-Roof Tanks,” is based on
these tests. This deck-seam loss factor and the test method that was used to develop it have
been widely accepted by oil companies, manufacturers, industry groups, regulatory agen-
cies, and general interest groups. API has not, however, tested or developed deck-seam loss
factors for proprietary designs of individual manufacturers.

A second testing program was conducted in the period from 1994 through 1996 that used
the weight loss test method for measuring deck-seam loss factors. These tests were directed
at developing a test protocol that would eventually be published in the APl Manual of Petro-
leum Measurement Standards, Chapter 19.3, Part C, *Weight Loss Test Method for the Mea-
surement of Deck-Seam Loss Factors for Internal Floating-Roof Tanks.” The first edition of
this publication 1s still under development.

A third testing program was conducted in 1999 that used the fugitive emission test method
for measuring deck-seam loss factors. These tests were directed at developing the test proto-
col that 1s described 1n this publication.

By publishing this fugitive emission test method, the API is making this test method avail-
able to interested parties who wish to test particular deck seams or deck joints under the aus-
pices of the APL

API certification of an evaporative loss factor developed through this program is subject to
the following three-step process:

a. The testing shall be performed in laboratories licensed by the API. The requirements to
qualify for licensure are presented in the API Manual of Petroleum Measurement Standards,
Chapter 19.3, Part G, “Certified Loss Factor Testing Laboratory Registration;”

b. Testing and determination of test results shall be performed as specified herein; and

c. The evaluation of these test results and the certification of an evaporative loss factor for
the item tested shall be conducted in accordance with the API Manual of Petroleum Mea-
surement Standards, Chapter 19.3, Part F, “Evaporative Loss Factor for Storage Tanks
Certification Program.”

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the standardization manager,
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005.
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Chapter 19.3—Evaporative Loss Measurement

Part D—Fugitive Emission Test Method for the Measurement of
Deck-Seam Loss Factors for Internal Floating-Roof Tanks

0 Introduction

The purpose of this standard is to establish a uniform
method for measuring evaporative deck-seam loss factors and
deck-joint loss factors of mechanically-joined deck seams
that are used on internal floating-roof tanks. These deck-seam
loss factors and deck-joint loss factors are to be determined in
terms of their loss rate at specified pressure differences across
the deck seam or deck joint for certification purposes.

[t 15 not the purpose of this standard to specify procedures
to be used in the design, manufacture, or field installation of
deck seams or deck joints. Furthermore, equipment should
not be selected for use solely on the basis of evaporative-loss
considerations. Many other factors, such as tank operation,
maintenance, and safety, are important in designing and
selecting tank equipment for a given application.

1 Scope

This test method may be used to establish evaporative
deck-seam loss factors and deck-joint loss factors for
mechanically-joined deck seams that are used on internal
floating-roof tanks. The test method involves passing a con-
trolled flow rate of air through a test enclosure that is sealed
to the top deck of a test pan. The test pan incorporates the test
deck seam or test deck joint and contains a test liquid. The
total hydrocarbon concentration in the air streams entering
and leaving the test enclosure are measured over a range of
pressure differences across the test deck seam.

This standard specifies the test apparatus, the instruments,
the test procedure, and the calculation procedures to be used.
The variables that are to be measured are defined, and quality
provisions are stipulated. The format for reporting the values
of both the test results and their associated uncertainty are
also specified.

This standard may involve the use of hazardous materials,
operations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It 1s
the responsibility of the user of this standard to establish
appropriate safety and health practices and to determine the
applicability of regulatory limitations prior to use.

2 References

The following standards contain provisions which through
reference in this text, constitute provisions of this standard. At
the time of publication, the editions indicated were valid. All

standards are subject to revision, and parties to agreements
based on this standard are encouraged to investigate the pos-
sibility of applying the most recent editions of the standards
indicated below.

2.1 API REFERENCES

Manual of Petroleum Measurement Standards:

Chapter 15 “Guidelines for the Use of the Inter-
national System of Units (SI) in the
Petroleum and Allied Industries,”
Second Edition, December 1980.
“Evaporative Loss From Floating
Roof Tanks,” First Edition, April
1997.
Chapter 19.3, Part F “Evaporative Loss Factor for Stor-
age Tanks Certification Program,”

First Edition, May 1997.

Chapter 19.3, Part G “Certified Loss Factor Testing Labo-
ratory Registration,” First Edition,
March 1997.

Chapter 19.3, Part H “Tank Seals and Fittings Certifica-
tion Administration,” First Edition,
March 1998.

Chapter 19.2

Standards and Publications:

Standard 650 Welded Steel Tanks for Oil Storage, Tenth
Edition, November 1998.

2.2 ASTM' REFERENCES

Standards:

D323 Test Method for Vapor Pressure of Petro-
leum Products (Reid Method ).

D3195 Standard  Practice for Rotameter
Calibration.

E220 Method for Calibration of Thermocouples
by Comparison Technigues.

E230 Temperature — Electromotive Force (EMF)

Tables for Standardized Thermocouples.

ITASTM International, 100 Bar Harbor Drive, West Conshohocken,
Pennsylvania 19428,
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3 Terminology
3.1 DEFINITIONS
3.1.1 Covered Floating Roof

A floating roof that results from covering an external float-
ing roof with a fixed roof at the top of the tank shell. This
effectively converts the external floating roof to an internal
floating roof, while retaining the external-type of floating-
roof design. These floating roofs are typically designed in
accordance with Appendix C of the API Standard 650,
Welded Steel Tanks for Qil Storage.

3.1.2 Data Acquisition System (DAS)

The equipment used and process of receiving signals from
sensors, determining the values corresponding to the signals,
and recording the results.

3.1.3 Deck

That part of a floating roof that provides buoyancy and
structure, and which covers the majority of the liquid surface
in a bulk liquid storage tank. The deck has an annular space
around its perimeter to allow it to rise and descend (as the
tank 1s filled and emptied) without binding against the tank
shell. This annular space 1s closed by a flexible device called
a rim seal. The deck may also have penetrations, closed by
deck fittings, that accommodate some functional or opera-
tional feature of the tank.

3.1.4 Deck Fitting

The device that substantially closes a penetration in the
deck of a floating roof in a bulk liquid storage tank. Such pen-
etrations are typically for the purpose of accommodating
some functional or operational feature of the tank.

3.1.5 Deck Seam

The construction feature of a floating roof pertaining to the
joint between adjacent deck sheets or deck panels. Certain
types of internal floating roofs are constructed of deck sheets
or deck panels that are joined by mechanical means at deck
seams. Such mechanically-joined deck seams have an associ-
ated deck seam loss. Other types of internal or external float-
ing roofs are constructed of metal sheets that are joined by
welding. Such deck seams do not have an associated deck
seam loss.

3.1.6 Deck Joint

The construction feature of a floating roof pertaining to the
intersection of one deck seam with another deck seam or per-
taining to the intersection of a deck seam with the rim of the
floating roof. Mechanically-joined deck seams typically
incorporate deck joints at locations where the deck seams

intersect each other or intersect the rim of the floating roof.
These deck joint locations have an associated deck joint loss
that is separate from the deck seam loss.

3.1.7 Evaporative Loss Factor

An expression used to describe the evaporative loss rate
characteristics of a given floating-roof device. In order to
obtain the standing storage evaporative loss rate for a bulk lig-
uid storage tank equipped with a floating roof, the evaporative
loss factor for each evaporative loss contributing device is
modified by certain characteristics of both the climatic condi-
tions and the stored liquid. The characteristics of the stored
liquid are expressed as a vapor pressure function, a vapor
molecular weight, and a product factor.

3.1.8 External Floating Roof

A floating roof that 1s exposed to ambient environ-
mental conditions by virtue of being in a bulk liquid storage
tank that does not have a fixed roof at the top of the tank shell.
External floating roofs are thus distinguished from internal
floating roofs, which are located in tanks that do have a fixed
roof to protect the floating roof from environmental exposure.
External floating roofs are typically designed in accordance
with Appendix C of the API Standard 650, Welded Steel
Tanks for Oil Storage.

3.1.9 FET Facility

The entire facility used in the fugitive emission test (FET)
method. The FET facility includes: the test pan; the test
enclosure; the pressure and temperature sensors; the data
acquisition system; the sample and dilution air pumps: the
total hydrocarbon analyzers; the flow meters; and the associ-
ated flow tubing.

3.1.10 Floating Roof

A device that floats on the surface of the stored liquid in a
bulk liquid storage tank. A floating roof substantially covers
the liquid product surface, thereby reducing its potential for
exposure to evaporation. Floating roofs are comprised of a
deck, a rim seal, and miscellaneous deck fittings.

3.1.11 Fugitive Emission Test Method

The test method used to establish evaporative deck-seam
loss factors and deck-joint loss factors for mechanically-
joined deck seams that are used on internal floating-roof
tanks. The fugitive emission test (FET) method involves pass-
ing a controlled flow rate of air through a test enclosure that is
sealed to the top deck of a test pan over a test deck seam or
over a test deck joint. The test pan contains a volatile hydro-
carbon test liquid. The total hydrocarbon concentration in the
air that enters and in the air that leaves the test enclosure 1s
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measured, along with the flow rate of the air leaving the test
enclosure, at specified pressure differences across the test
deck seam or test deck joint.

3.1.12 Indicator

An instrument that displays or records signals received
from a sensor. The indicator is typically constructed to
express the signal in units that are useful to describe the
observed value of measurement. For example, an electronic
signal may be received by the indicator as volts, but then dis-
played as pounds. An indicator may be incorporated into an
electronic data acquisition system. An electronic data acquisi-
tion system typically has the capability to be pre-programmed
to record data at prescribed time intervals, to analyze the data
that has been received, and to electronically store the results.

3.1.13 Instrument

A device used in the measurement process (o sense, trans-
mit, or record observations.

3.1.14 Internal Floating Roof

A floating roof that is not exposed to ambient environmen-
tal conditions by virtue of being in a bulk liquid storage tank
that has a fixed roof at the top of the tank shell. Internal float-
ing roofs are thus distinguished from external floating roofs
by their use of a fixed roof to protect the internal floating roof
from environmental exposure. Internal floating roofs are typi-
cally designed in accordance with Appendix H of the API
Standard 650, Welded Steel Tanks for Oil Storage.

3.1.15 Product Factor

A factor that describes the evaporative loss characteristics
of a given liquid product. The product factor, vapor pressure
function, and vapor molecular weight are multiplied by the
sum of the equipment loss factors to determine the standing
storage evaporative loss rate of a bulk liquid storage tank
equipped with a floating roof.

3.1.16 Rim Seal

A flexible device that spans the annular rim space between
the tank shell and the perimeter of the floating roof deck.
Effective im seals close the annular rim space, accommodate
irregularities between the floating roof and the tank shell, and
help to center the floating roof, yet permit normal floating
roof movement.

3.1.17 Sensor

An mstrument that senses attribute or measurement infor-
mation that is to be obtained in a measurement process. This

information i1s then transmitted to the indicator to be dis-
played or recorded.

3.1.18 Standing Storage Evaporative Loss

Loss of stored liquid product by evaporation past the float-
ing roof during normal service conditions. This does not
include evaporation of liquid that clings to the tank shell and
is exposed to evaporation when the tank 1s being emptied
(withdrawal loss): nor does it include vapor loss that may
occur when the liquid level is sufficiently low so as to allow
the floating roof to rest on its supports (landing loss). This
does include, however, evaporative losses from the rim seal,
deck seams, and deck fittings.

3.1.19 Test Enclosure

The portion of the FET facility that covers the test deck
seam or test deck joint and is sealed to the top deck of the test
pan.

3.1.20 Vapor Pressure Function

A dimensionless factor, used in the loss estimation proce-
dure, that is a function of the ratio of the vapor pressure of the
stored liquid to the average atmospheric pressure at the stor-
age location. The vapor pressure function, the product vapor
molecular weight, and the product factor are multiplied by the
sum of the loss factors of the individual floating roof devices
to determine the total standing storage evaporative loss rate of
a bulk liquid storage tank equipped with a floating roof.

3.2 UNITS OF MEASUREMENT

3.2.1 System of Units

This standard employs the inch-pound units of the English
system. Values shall be referenced to the U.S. National Insti-
tute of Standards and Technology (NIST) values (formerly
the U.S. National Bureau of Standards). The text of this stan-
dard does not include equivalent International System of
Units (SI) values, which 1s the system adopted by the Interna-
tional Organization of Standardization (ISO), but guidance
for conversion to SI and other metric units is provided in
Appendix B, Metric Units, and APl Manual of Petroleum
Measurement Standards Chapter 15.

3.2.2 Basic Units

The unit of length is either the mile, designated mi; the
foot, designated ft; or the inch, designated in. The unit of
mass is the pound mass, designated pound or Ib. The unit of
force is the pound force, designated pound-force or Ibf. The
unit of time is either the hour, designated hr, or the year, des-
ignated yr. The unit of temperature is the degree Fahrenheit,
designated “F, or the degree Rankine, designated “R.
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3.2.3 Pressure

The unit of pressure is the pound-force per square inch
absolute, designated psia.

3.2.4 Deck-Seam Loss Factors

The unit of reporting deck-seam loss factors is the pound-
mole per foot of deck seam per year, designated lb-mole/ft yr.

The units of the deck-seam loss factor, K do not actu-
ally indicate pound-moles of vapor loss over time, but
rather are units of a factor that must be multiplied by cer-
tain coefficients (which are dimensionless) in order to
determine the actual pound-moles of evaporative loss over
time for a given liquid product. To convert the pound-mole
per foot of deck seam per year units of the deck-seam loss
factor to a loss rate in terms of actual pound-moles per foot
of deck seam per year, the deck-seam loss factor, Ky, 1s
multiplied by the dimensionless vapor pressure function,
P*, which 1s a function of the product vapor pressure and
atmospheric pressure, and by the dimensionless product
factor, K.

A pound-mole, designated lb-mole, is an amount of a
substance the mass of which, when expressed in pounds, is
equal to the numerical value of the molecular weight of the
substance.

To then convert the actual pound-moles per foot of deck
seam per year to pounds per year of a given liquid product,
the loss rate (K; P* K_.) 1s multiplied by the total length of
deck seam, Ly having units of feet, and by the molecular
weight of the liquid product in its vapor phase, M,. having
units of pounds per pound-mole. Additional information on
this formula may be found in the APl Manual of Petroleum
Measurement Standards, Chapter 19.2.

3.2.5 Deck-Joint Loss Factors

The unit of reporting deck-joint loss factors is the pound-
mole per year per deck joint, designated lb-mole/yr.

The units of the deck-joint loss factor, K;, do not actually
indicate pound-moles of vapor loss over time, but rather are
units of a factor that must be multiplied by certain coefficients
(which are dimensionless) in order to determine the actual
pound-moles of evaporative loss over time for a given liquid
product. To convert the pound-moles per deck joint per year
units of the deck-joint loss factor to a loss rate in terms of
actual pound-moles per deck joint per vear, the deck-joint
loss factor, K;, 1s multiplied by the dimensionless vapor pres-
sure function, P*, which is a function of the product vapor
pressure and atmospheric pressure, and by the dimensionless
product factor, K.

To then convert the actual pound-moles per year per deck
joint to pounds per year of a given liquid product, the loss rate
(K; P* K) is multiplied by the dimensionless total number of
floating roof deck joints, Nj, and by the molecular weight of

the liquid product in its vapor phase, M,, the molecular
weight having units of pounds per pound-mole. Additional
information on this formula may be found in the API Manual
of Petroleum Measurement Standards, Chapter 19.2,

3.3 NOMENCLATURE

Symbol Description

Ap  Constant in the vapor pressure equation, dimen-

sionless.
B,  Constant in the vapor pressure equation, °R.

C;  Concentration of hydrocarbon vapor in the test
enclosure inlet air, ppmv.

C, Concentration of hydrocarbon vapor in the test
enclosure outlet air, ppmv.

Tank diameter, ft.

D,  Density of hydrocarbon vapor in the test enclosure

outlet air at standard conditions, 1b/sft3.
E Test enclosure loss rate, Ib/min.
F Test enclosure loss factor, Ib-mole/yr.

K.  Product factor of the test liquid, dimensionless.
K,;  Deck-seam loss factor, Ib-mole/ft yr.

K;  Deck-joint loss factor, Ib-mole/yr.

Ly,  Length of test deck seam, ft.

M,  Molecular weight of the test liquid vapor, 1b/lb-
mole.

N;  Total number of deck joints on the floating roof
deck. dimensionless.

P Vapor pressure of the test liquid, psia.
P,  Atmospheric pressure, psia.

P;  Pressure difference between the pressure inside

the test pan vapor space and the inside the test
enclosure, in wc.

P,  Standard pressure (14.696), psia.
P*  Vapor pressure function, dimensionless.

Q;  Volumetric flow rate of the test enclosure outlet air

at standard conditions, sft>/min.
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R Universal gas constant (10.731), ft psia/lb-mole
“R.

RVP  Reid vapor pressure of the test liquid, psi.

S Slope of the test liquid ASTM-D&6 distillation
curve at 10 volume percent evaporated, °F/
volume %.

T;  Temperature of the test liquid, °F or °R.

Iy Standard temperature (60°F or 519.67°R), °F or
°R.

4 Summary of Test Method

The test method described 1n this standard uses a mass bal-
ance procedure to measure a rate of evaporative loss through
a test deck seam or a test deck joint. A test pan is fitted with a
test deck seam that may include a test deck joint. A test enclo-
sure 1s placed over the test deck seam and 1s sealed to the top
deck of the test pan. The test pan 1s filled to an appropriate
height with a volatile hydrocarbon test liquid of known prop-
erties, such as normal-hexane or 1so-hexane. A measured flow
rate of air 1s passed through the test enclosure and 1s con-
trolled to maintain prescribed levels of pressure difference
between the pressure in the test pan vapor space and the pres-
sure in the test enclosure. The total hydrocarbon concentra-
tion in the air entering the test enclosure and in the air leaving
the test enclosure are continuously measured using total
hydrocarbon analyzers. A mass balance of the total hydrocar-
bon vapor in the air entering and in the air leaving the test
enclosure 1s then made to determine the evaporative loss rate
of hydrocarbon vapors through the test deck seam or test deck
joint. The test enclosure loss rate 1s then factored for certain
properties of the test liquid and the length of the test deck
seam to determine an evaporative deck-seam loss factor or
deck-joint loss factor.

5 Significance and Use

This test method establishes a procedure for measuring the
evaporative deck-seam loss factor or deck-joint loss factor of
mechanically joined deck seams that are used on internal
floating-roof tanks. The testing is to be performed in a labora-
tory that has been approved by the API for this purpose, in
accordance with the APl Manual of Petroleum Measurement
Standards, Chapter 19.3, Part G, "Certified Loss Factor Test-
ing Laboratory Registration.” The values determined by this
method are to be evaluated in accordance with the API Man-
ual of Petroleum Measurement Standards, Chapter 19.3, Part
F, “Evaporative Loss Factor for Storage Tanks Certification
Program,” in order to assign API-certified loss factors to the
particular deck seam or deck joint tested. The laboratory
approval procedure, the test method, and the evaluation

method together constitute a procedure by which manufactur-
ers of floating-roof deck seams or floating-roof deck joints
may obtain API-certified loss factors for deck seams or deck
joints of their proprietary design.

6 Limitations To Test Method
6.1 EVALUATION OF RESULTS

The results of this test method are not intended to be used
apart from their evaluation in accordance with the APl Man-
ual of Petroleum Measurement Standards, Chapter 19.3, Part
F, “Evaporative Loss Factor for Storage Tanks Certification
Program.”

6.2 LOW LOSS RATES

This test method is not valid for deck seams or deck joints
that have a loss rate lower than the specified tolerance of the
instruments.

If it 1s determined that the loss rate of the test deck seam or
test deck joint 1s less than the detection limit of the instrumen-
tation, the report of test results shall state the de minimus
value for the deck-seam loss factor or deck-joint loss factor
that is based on the instrumentation detection limit.

7 Test Apparatus
7.1 TEST APPARATUS ILLUSTRATIONS

Figures 1, 2, and 3 are illustrations of the test apparatus
that is to be used to obtain the measurements necessary for
establishing a certified evaporative deck-seam loss factor or
deck-joint loss factor for a mechanically-joined deck seam or
deck joint that is used on an internal floating roof. Figure 1 is
a flow diagram of the test apparatus that illustrates the test
equipment and nstrumentation. Figure 2 1s a plan view of the
fugitive emission test facility that illustrates the placement of
the test equipment in the test room. Figure 3 is a view of the
test assembly that illustrates the placement of the test enclo-
sure over the test deck seam on the test pan.

7.2 TEST ROOM

The test room is to be large enough to house the test equip-
ment, instrumentation, and personnel required for the test
method. The test room shall be constructed and controlled
such that the air temperature in the test room is capable of
being maintained within £5°F of a selected test room temper-
ature for the duration of the test period.

7.2.1 Insulation

The test room should be insulated to aid in the control of
the air temperature within the test room.
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7.2.2 Air Temperature Control System

The test room shall have a dedicated temperature control
system for maintaining the air temperature within the test
room. The test room may also have a dedicated heater and air
conditioner.

7.2.3 Circulation Fan

The test room shall be equipped with a fan that circulates
the air within the test room to reduce air temperature varia-
tions in the test room.

7.2.4 Test Enclosure Inlet Air

The air that i1s directed into the test enclosure may be
drawn from the air inside of the test room.

7.2.5 Access Doors

The test room shall be equipped with an equipment access
door that 1s large enough to permit installation or removal of a
test assembly. The test room may also be equipped with a
smaller personnel access door to provide access to the instru-
mentation and data acquisition system, as well as to permit
inspection of the test assembly during the test period.

7.3 TEST ASSEMBLY

Figure 3 illustrates a test assembly, which consists of a test
pan, test deck seam or test deck joint, test enclosure, and test
liquid.

7.3.1 Test Pan

The test pan is of rectangular shape and incorporates a top
deck that simulates the deck of an internal floating roof. The
test pan incorporates a fill connection and a drain connection
for use in filling or draining test liquid from the test pan. The
test pan shall be long enough to permit installation of a test
deck seam that is a minimum of 10 feet long.

The test pan may incorporate multiple test deck seams.
When multiple test deck seams are installed on the top deck
of the test pan, there shall be a minimum spacing of at least |
foot between the centers of adjacent test deck seams. There
shall also be a minimum spacing of 1 foot from the longitudi-
nal edge of the test pan to the adjacent test deck seam.

The test pan shall be equipped with a vent connection that
permits the test pan vapor space above the test liquid to oper-
ate at near atmospheric pressure. The vent connection may be
connected to a vent pipe that extends outside of the test room.

The test pan shall be equipped with a thermocouple that
permits measuring the temperature of the test liquid during
the test period.

The test pan may rest on any suitable surface, but its posi-
tion shall be adjusted to insure that the level of the test lig-
uid 1s essentially the same throughout the test pan relative to

the position of the test deck seams or test deck joints. When
testing deck seams or deck joints that normally contact the
liquid product in a floating roof tank, the level of the test lig-
uid and the position of the test pan shall be adjusted to
insure that all portions of the test deck seam or test deck

joint contact the test liquid 1n the same manner as occurs in

normal service.

7.3.2 Test Deck Seam

To measure the deck-seam loss factor of a specific type of
deck seam, the deck seam to be tested shall be mounted on
the top deck of the test pan using the assembly and installa-
tion procedures that are normally used for the deck seam, as
specified by the deck seam manufacturer. The only excep-
tion to the use of normal installation procedures involves the
end joints where the test deck seam intersects the ends of
the test pan, If these end joints are not contained within the
test enclosure, their construction may be selected to facili-
tate installation of the test deck seam on the top deck of the
test pan.

The surfaces of the test deck seam shall be clean and free
of oil or other materials that may affect the deck-seam loss
factor test results.

7.3.3 Test Deck Joint

To measure the deck-joint loss factor of a specific type of
deck joint, the deck joint to be tested shall be mounted on the
top surface of the test pan using the assembly and installation
procedures that are normally used for the deck joint, as speci-
fied by the deck joint manufacturer. The test deck joints shall
be incorporated into the portion of the deck seam that is con-
tained within the test enclosure.

A specific test deck seam may incorporate multiple test
deck joints. When multiple deck joins are incorporated into a
test deck seam, there shall be a minimum spacing of at least 1
foot between the centers of adjacent test deck joints.

The surfaces of the test deck joint shall be clean and free of
oil or other materials that may affect the deck-joint loss factor
test results.

7.3.4 Test Enclosure

A test enclosure shall be placed over the test deck seam
and test deck joint, 1f a test deck joint 1s incorporated into the
test deck seam.

The test enclosure shall be sealed to the top surface of the
test pan deck, as well as to the portions of the test deck seam
which penetrate the ends or side walls of the test enclosure. A
caulk, such as silicone caulk, may be used to provide the
required seal.

A leak-tightness test may be performed on the test enclo-
sure to ensure that there are no leak paths around the perim-
eter of the test enclosure where it is sealed to the top
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surface of the test pan and to the portions of the test deck
seam that penetrate the ends or side walls of the test enclo-
sure. An example of such a leak-tightness test consists of
applying a slight gas pressure to the interior of the test
enclosure and applying a leak detection liquid (typically a
soap-like liquid that will form bubbles at vapor leaks) to the
sealed edges of the test enclosure. If no bubbles are
detected, 1t can be assumed that no significant test enclo-
sure leaks are present.

The test enclosure shall be equipped with an inlet connec-
tion at one end for admitting air into the test enclosure, and an
outlet connection at the other end for withdrawing the air,
now laden with hydrocarbon vapor from evaporative losses
through the test deck seam or test deck joint.

During a test to measure a deck-seam loss factor or a deck-
joint loss factor, the pressure inside of the test enclosure shall
be kept at prescribed vacuum levels relative to the pressure in
the vapor space of the test pan.

7.4 TEST LIQUID

The test liquid shall be maintained at a level relative to the
test deck seam or test deck joint that corresponds to that
which 1s typical of industry practice for the deck seam or
deck joint being tested.

The test liquid shall be normal-hexane (n-hexane) or 1so-
hexane, technical grade or better. During a test, the tempera-
ture of the test liquid shall not be permitted to exceed its nor-
mal boiling point temperature. A sample of the test liquid
shall be tested to determine 1ts Reid vapor pressure in accor-
dance with ASTM D323.

7.4.1 Test Liquid Quantity

The required quantity of test liquid may be reduced by
floating it on top of water. The depth of the test liquid layer
shall be sufficient to ensure that it completely covers the sur-
face of the water for the duration of the test. The depth of the
test liquid layer must also be sufficient to ensure that the
change in vapor pressure of the test liquid as a result of evap-
oration of lighter hydrocarbon components does not cause the
test liquid vapor pressure to decrease by more than 5 percent
during the duration of the test, and that at least one of the test
liquid thermocouple is located within 1 inch below the test
liquid surface (see 10.3.1.1).

7.4.2 Test Liquid Level

Test deck seams and test deck joints that normally contact
the liquid product in a floating-roof storage tank shall be
tested under the same conditions. In these cases the height of
the test liquid shall be adjusted so that it contacts the test deck
seam or test deck joint in the same manner as occurs in nor-
mal service.

A method of indicating the liquid level in the test pan shall
be provided to control the initial filling and for monitoring

purposes during a test. The preferred method of indicating the
liquid level is by means of a sight tube, or window, but other
methods that do not result in any loss of test liquid or its
vapors may also be used.

All liquid-level fittings on the test pan, as well as those
used for filling and emptying the test pan, must be leak tight.

7.5 TEST APPARATUS AIR FLOW

Figure 1 1s a flow diagram of the test apparatus that illus-
trates the instrumentation and flow lines that are used to con-
trol and sample the air flow through the test enclosure. The
instrumentation 1s described in Section 10,

7.5.1 Air Sampling

The air entering and leaving the test enclosure shall be con-
tinuously sampled to measure the total hydrocarbon concen-
tration present in the air samples. Figure 1 illustrates the use
of an inlet sample pump and an outlet sample pump to with-
draw the required air samples from the air stream that is
entering and the air stream that is leaving the test enclosure
and send the samples to the total hydrocarbon analyzers.

The inlet and outlet sample pumps shall be diaphragm type
compressors, which compress the air streams without oil con-
tamination.

7.5.2 Test Enclosure Pressure Control

The test procedure requires that the pressure difference
across the test deck seam or test deck joint be controlled at
prescribed levels between 0.0 and 0.1 inches of water col-
umn. These pressure differences require that the pressure
inside of the test enclosure be a vacuum relative to the pres-
sure in the vapor space of the test pan,

The outlet sample pump has the dual functions of creating
the vacuum condition that 1s required inside the test enclosure
for a prescribed pressure difference across the test deck seam
or test deck joint, as well as sampling the air leaving the test
enclosure. An outlet flow control valve and an outlet flow
meter are used in conjunction with the outlet sample pump to
control and measure the air flow rate leaving the test enclo-
sure. To create a prescribed pressure difference, the outlet
sample pump may need to withdraw a larger air flow rate than
is required for sampling. In these cases the excess air with-
drawn by the outlet sample pump may be vented outside of
the test room.

7.5.3 Sample Dilution

For certain tests, the total hydrocarbon concentration in the
air leaving the test enclosure may exceed the full-scale range
of the outlet total hydrocarbon analyzer. A sample dilution
system may be used to dilute the outlet air sample with a
measured quantity of dilution air to bring the total hydrocar-
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bon concentration in the diluted outlet air sample within the
full-scale range of the outlet total hydrocarbon analyzer.

Figure 1 illustrates one type of dilution system that may be
used. This dilution system consists of a bank of rotameters to
measure the flow rate of the outlet air sample from the test
enclosure, and a second bank of rotameters to measure the
flow rate of the dilution air. By selecting different pairs of
outlet air rotameter and dilution air rotameter, the total hydro-
carbon concentration in the diluted outlet air sample may be
brought within the full-scale range of the outlet total hydro-
carbon analyzer. The dilution air may be provided by a dilu-
tion air pump whose inlet air stream is taken from the air in
the test room.

8 Testltem
8.1 TESTITEM CONSTRUCTION

The items to be tested according to this test method are
mechanically-joined deck seams or deck joints for internal
floating-roof tanks. Items to be tested shall be full-scale sam-
ples. These shall be constructed according to the manufac-
turer’s standard practice and shall include all features typical
to actual use.

8.2 TESTITEM ATTACHMENT

The deck seams or deck joints to be tested shall be attached
to the top deck of the test pan in a manner similar to their
attachment to the deck of an internal floating roof in practice.
Test deck seams and test deck joints that normally contact the
liquid product on a floating roof in service shall be mounted
in a similar manner on the test pan.

8.3 TEST ITEM END CONNECTIONS

The ends of the test deck seam or test deck joint that inter-
sect the end walls or side walls of the test enclosure shall be
sealed to the walls of the test enclosure. A suitable sealant or
caulk may be used for this purpose.

9 Preparation of Apparatus
9.1 TESTITEM PLACEMENT

Install the test deck seam or test deck joint on the test pan,
as described in 7.3.2, 7.3.3, and 8.2. Install the test enclosure
over the test deck seam or test deck joint and seal it to the top
deck of the test pan, as described in 7.3.4 and 8.3.

9.2 TEST LIQUID FILLING

Fill the test pan with the test liquid to the proper liquid
level, as described in 7.4.

9.3 INSTRUMENTATION ATTACHMENT

Attach the instrumentation tubing to the test enclosure and
test pan, as described 1n 7.5.

9.4 TEST ROOM AIR TEMPERATURE CONTROL

Start the test room air temperature control system to adjust
the test room temperature to the selected value.

9.5 SAMPLE PUMP STARTUP

Start the inlet sample pump, outlet sample pump and dilu-
tion air pump to achieve the specified pressure difference
between the pressure in the test pan vapor space and the pres-
sure 1n the test enclosure, as prescribed in 11.1.

9.6 STEADY-STATE OPERATION

Start the data acquisition system and record the appropriate
temperatures, pressures, and total hydrocarbon concentra-
tions over a period of time until a steady evaporative loss rate
is achieved. If the total hydrocarbon concentration in the out-
let air sample exceeds the full-scale range of the outlet total
hydrocarbon analyzer, adjust the amount of sample dilution,
as described in 7.5.3.

After the imtial startup period, during which the evapora-
tion rate stabilizes, the subsequent test data recorded by the
data acquisition system (as described in Section 11.2) shall
constitute the record of test data that is to be used in calculat-
ing the deck-seam loss factor or deck-joint loss factor. The
steady-state test period shall not be less than '/ hour, as
described in 11.3.

10 Instrumentation and Calibration
10.1 ACCURACY

Each parameter to be measured requires a sensor, an
indicator, and a method of recording the data. The specifica-
tions that follow describe the required instruments, the meth-
ods to be employed in the measurement process, and the
accuracy requirements. Calibration procedures are specified
to minimize systematic error, or bias, in the instruments. The
instrument requirements are summarized in Table 1.

Procedures are also specified for certain steps of the mea-
surement process that have been identified as likely potential
sources of random error, so as to limit the imprecision associ-
ated with these steps. One such step is the method of indicat-
ing observed values and recording them. The process of
receiving signals from the sensors, determining the values
corresponding to the signals, and recording the results may be
collectively referred to as data acquisition. Data acquisition is
to be accomplished with a programmable electronic data
acquisition system, so that the frequency and precision of
observations can be controlled within specified tolerances.
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Table 1—Instrument Requirements

Maximum Maximum

Variable to be Measured

Instrument Type

Tolerable Error

Calibration Interval

Time of the observation Clock of the DAS +0.1% 6 months
Temperature of the test liquid Thermocouple +0.5°F 6 months
Temperature of the air in the test room Thermocouple +0.5°F 6 months
Temperature of the air at flow rate sensors Thermocouple +H).5°F 6 months
Pressure of the air entering the test enclosure Pressure sensor +1% 6 months
Pressure of the air leaving the test enclosure Pressure sensor +1% 6 months
Pressure of the air leaving at the flow rate sensors Pressure sensor +1% 6 months
Atmospheric pressure in the test room Pressure sensor +0.05 psia 6 months
Pressure difference across the test deck seam Pressure difference sensor +1% 6 months
Flow rate of air leaving the test enclosure Flow rate sensor +1% 6 months
Flow rate of the undiluted outlet air sample Flow rate sensor +1% 6 months
Flow rate of the dilution air Flow rate sensor +1% 6 months
Total hydrocarbon concentration in the test enclosure inlet air Total hydrocarbon analyzer +1% Every test
Total hydrocarbon concentration in the test enclosure outlet air  Total hydrocarbon analyzer +1% Every test

The demonstrated accuracy of the sensors shall be based
on the readings indicated by the data acquisition system,
thereby providing verification of the indicator as well as the
sensor. Calibration standards shall be traceable to the national
measurement reference standards maintained by NIST.

10.2 DATA ACQUISITION SYSTEM

The data acquisition system shall be capable of recording
all of the data transmitted by the sensors. The data acquisition
system shall include a chronometer that indicates time in
intervals not greater than one second, with a demonstrated
accuracy of 0.1 percent. The data acquisition system shall be
capable of being programmed to record individual sensor
readings at a specified frequency. The data acquisition system
should be capable of real-time display of the observed values,
so that any out-of-specification conditions can be detected
and corrected as soon as possible. The software of the system
shall be verified by using the data acquisition system as the
indicator when calibrating the sensors.

10.3 TEMPERATURE MEASUREMENTS

Temperatures shall be sensed with thermocouples and the
signals transmitted to the data acquisition system. The tem-
perature measuring system shall be capable of sensing tem-
perature changes of +0.2°F with a demonstrated accuracy of

+(.5°F,

10.3.1 Thermocouple Locations

Thermocouples shall be located so as to measure the bulk
temperature of the test liquid, the temperature of the air in the
test room and the temperature of the air passing through the
test enclosure outlet air flow meter.

If the dilution system is used to dilute the test enclosure
outlet air sample, a thermocouple shall also be located so as
to measure the temperature of the air leaving the dilution sys-
tem flow meters.
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10.3.1.1 Test Liquid Temperature

At least one thermocouple shall be located within 1 inch
below the test liquid surface in the test pan to measure the
bulk temperature of the test liquid, as shown in Figure 3, so
far as the water and test liquid temperature are identical (see

7.4.1).

10.3.1.2 Test Room Temperature

A thermocouple shall be located near the test assembly to
measure the air temperature in the test room, as shown in
Figure 1.

10.3.1.3 Test Enclosure Outlet Air Temperature

A thermocouple shall be located in the test enclosure outlet
air line to measure the temperature of the air that is passing
through the outlet air flow meter, as shown in Figure 1.

10.3.1.4 Dilution System Outlet Air Temperature

A thermocouple shall be located 1n the dilution system out-
let air line to measure the temperature of the air leaving the
dilution system flow meters, as shown in Figure 1.

10.3.2 Thermocouple Calibration

Each thermocouple shall be calibrated in accordance with
ASTM E220 using the temperature measurement system. All
thermocouple calibrations shall be based on the temperature-
electromotive force tables that are listed in ASTM E230. The
observed values shall not vary from the true values by more
than £0.5°F.

10.4 PRESSURE MEASUREMENTS

High-precision pressure sensors shall be used, where the
indicated readings are gage pressure readings relative to the
atmospheric pressure in the test room. If high-precision
electronic pressure sensors are used, their output signal
shall be recorded directly by the data acquisition system.
The pressure being measured shall not exceed the sensor’s
measurable range, even during brief periods of pressure
fluctuations.

10.4.1 Pressure Tap Locations

Pressure taps shall be located to measure the pressure of
the air entering the test enclosure, the pressure of the air leav-
ing the test enclosure, and the pressure of the air leaving the
test enclosure outlet air flow meter, as shown in Figure 1.

If the dilution system is used to dilute the test enclosure
outlet air sample, a pressure tap shall also be located so as to
measure the pressure of the air leaving the dilution system
flow meters, as shown in Figure [.

10.4.2 Pressure Sensor Calibration

The pressure sensors shall be calibrated. The accuracy of
electronic pressure sensors shall be based on the readings
indicated by the data acquisition system.

The zero setting of the pressure sensors shall be checked
and adjusted, if necessary, before each test.

10.5 ATMOSPHERIC PRESSURE MEASUREMENT

Atmospheric pressure shall be measured with an electronic
pressure sensor and the signal transmitted to the data acquisi-
tion system. The atmospheric pressure sensor shall be capable
of sensing atmospheric pressure changes of £0.01 psia with a
demonstrated accuracy of £0.05 psia.

10.5.1 Atmospheric Pressure Sensor Location

The atmospheric pressure sensor shall be located near the
data acquisition system to measure the atmospheric pressure
in the test room, as shown in Figure 1.

10.5.2 Atmospheric Pressure Sensor Calibration

The atmospheric pressure sensor shall be calibrated for at
least two levels of pressure using the atmospheric pressure
measurement system. The observed wvalues shall not vary
from the true values by more than £0.05 psia. The accuracy of
the atmospheric pressure sensor shall be based on the read-
ings indicated by the data acquisition system.

10.6 PRESSURE DIFFERENCE MEASUREMENT

A high-precision electronic pressure difference sensor shall
be used to measure the pressure difference across the test
deck seam or test deck joint, and the output signal shall be
recorded directly by the data acquisition system. The mea-
sured pressure shall not exceed the sensor’s measurable
range, even during brief periods of pressure fluctuations.

10.6.1 Pressure Tap Locations

The high pressure side of the pressure difference sensor
shall be connected to a pressure tap that senses the pressure
in the test pan vapor space, and the low pressure side of the
pressure difference sensor shall be connected to a pressure
tap that senses the pressure in the test enclosure, as shown in
Figure 1.

10.6.2 Pressure Difference Sensor Calibration

The pressure difference sensor shall be calibrated. The
accuracy of the pressure difference sensor shall be based on
the readings indicated by the data acquisition system.

The zero setting of the pressure difference sensor shall be
checked and adjusted, if necessary, before each test.
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10.7 FLOW RATE MEASUREMENTS

Flow rates shall be sensed with high-precision gas flow
meters, such as high-precision gas rotameters. If high-preci-
sion electronic flow rate sensors are used, their output signal
shall be recorded directly by the data acquisition system. The
measured gas flow rates shall not be below 10 percent of the
meter’s or sensor’s full-scale range.

10.7.1 Flow Meter Locations

A flow meter shall be located to measure the flow rate of
the air leaving the test enclosure, as shown 1n Figure 1.

If the dilution system is used to dilute the test enclosure
outlet air sample, the dilution system may incorporate several
flow meters to measure the flow rates of the undiluted air
sample stream and the flow rate of the dilution air stream, as
shown in Figure 1. The flow rate measurement of the undi-
luted outlet air sample stream and the flow rate of the dilution
air stream are used to relate the total hydrocarbon concentra-
tion measurements 1n the diluted outlet air sample stream to
those in the undiluted outlet air sample stream.

10.7.2 Flow Meter Calibration

The flow meters shall be calibrated. Rotameters shall be
calibrated in accordance with ASTM D3195, Standard Prac-
tice for Rotameter Calibration. The accuracy of electronic
flow rate sensors shall be based on the readings indicated by
the data acquisition system.

10.8 TOTAL HYDROCARBON CONCENTRATION
MEASUREMENTS

The total hydrocarbon concentration in the test enclosure
inlet air line and outlet air line shall each be measured with a
total hydrocarbon analyzer (THA) or equivalent instrument.
The electronic output signal from the THAs shall be recorded
directly by the data acquisition system.

[f the total hydrocarbon concentration in the outlet air sam-
ple exceeds the full-scale range of the outlet THA, a sample
dilution system may be used. The sample dilution system
shall incorporate a means for measuring the flow rate of the
undiluted outlet air sample stream and the flow rate of the
dilution air stream. Rotameters may be used to provide these
gas flow rate measurements.

10.8.1 Sample Tap Locations

Sample taps shall be located to sample the test enclosure
inlet air stream and to sample the test enclosure outlet air
stream, as described in Figure 1.

10.8.2 Analyzer Calibration

The THA instruments shall be calibrated during a test at
intervals not exceeding 12 hours using zero and span gases of
known certified composition.

11 Test Procedure
11.1 LEVELS OF PRESSURE DIFFERENCE

Tests shall be conducted at pressure differences of approxi-
mately 0.02, 0.04, 0.06, 0.08, and 0.10 inches of water col-
umn for each deck seam and deck joint that is tested. These
pressure differences are between the pressure in the test pan
vapor space and the pressure in the test enclosure, where the
pressure in the test enclosure is kept less than the pressure in
the test pan vapor space.

Tests at additional pressure differences may also be per-
formed and can sometimes help in determining the pressure
difference dependency of the deck-seam loss factor or deck-
fitting loss factor.

11.2 DATA TO BE RECORDED
11.2.1 Test Iltem Description

A description of the test deck seam or test deck joint shall
be recorded, including the name of the manufacturer and any
model name or number. Dimensions of the test deck seam or
test deck joint shall be recorded on a drawing. Photographs
shall be taken to document the test deck seam or test deck
joint, its installation procedure, and its final arrangement on
the top deck of the test pan.

11.2.2 Instruments

Names, model numbers, serial numbers, scale ranges, and
calibration data shall be recorded for all instruments used in
the test.

11.2.3 Test Data

Test data for each loss factor determination shall be
recorded. Test data shall be recorded electronically by the
data acquisition system to a storage device from which it may
be downloaded to a printer. All recorded data shall include the
time of the observed reading. Each of the following test data
shall be recorded during the steady-state test period.

11.2.3.1 Temperatures

The temperature of the test liquid, the temperature of the
air in the test room, and the temperature of the air at flow
meters shall be recorded at intervals of 10 minutes or less.
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11.2.3.2 Pressures

The pressure in the test pan vapor space, the pressure in the
test enclosure, and the pressure at flow meters shall be
recorded at intervals of 10 minutes or less.

11.2.3.3 Atmospheric Pressure

The atmospheric pressure in the test room shall be
recorded at intervals of 10 minutes or less.

11.2.3.4 Pressure Difference

The pressure difference between the pressure in the test
pan vapor space and the pressure in the test enclosure shall be
recorded at intervals of 10 minutes or less.

11.2.3.5 Flow Rates

The air flow rate leaving the test enclosure shall be
recorded at intervals of 10 minutes or less.

If a dilution system is used to dilute the test enclosure out-
let air sample, the flow rate of the undiluted outlet air sample
stream and the flow rate of the dilution air stream shall be
recorded at intervals of 10 minutes or less.

11.2.3.6 Total Hydrocarbon Concentrations

The total hydrocarbon concentration in the air entering and
in the air leaving the test enclosure shall be recorded at inter-
vals of 10 minutes or less.

11.2.3.7 Test Liquid Reid Vapor Pressure

The Reid vapor pressure of the test liquid shall be deter-
mined at least once for each test performed. The true vapor
pressure of the test liquid shall be based on the Reid vapor
pressure determined from a sample of the test liquid obtained
during the test period or from an interpolated Reid vapor
pressure based on the Reid vapor pressure determined from
samples of the test liquid obtained both before and after the
test period.

11.2.4 Log Book

An operator’s log book shall be maintained to document
any general observations, as well as the sequence and timing
of the tests performed. In addition, the log book shall contain
recorded data concerning the test pan liquid level.

11.3 DURATION OF TEST

The emission characteristics of a test deck seam or test
deck joint may change after a change is made in the test con-
ditions (for example, pressure difference across the test deck
seam) as new emission flow paths are created and concentra-
tion gradients are established. As a result, sufficient time must

be allowed to establish a steady-state evaporative loss rate. To
test for steady evaporative loss rate conditions, trial observa-
tions may be made until steady readings are observed. Data
shall then be recorded for a period of not less than !/> hour
after obtaining steady readings. In any event, a test shall not
be considered steady until a minimum of !/> hour has elapsed.
Thus, the absolute minimum test duration would be | hour
(that is, !/> hour to establish steady conditions, then !/5 hour
of steady-state data recording). Typical test duration’s are apt
to extend from 1 to 2 hours.

12 Calculation of Test Results
12.1 CALIBRATION CORRECTIONS

Calibration corrections shall be applied to individual read-
ings before performing calculations. These corrections may
be applied by the data acquisition system to individual read-
ings during the course of the test.

12.2 VAPOR PRESSURE

The vapor pressure, P, of the test liquid shall be determined
from the measured Reid vapor pressure, RVP, of the test lig-
uid and the mean of the test liquid temperature, 7}, recorded
during the steady-state test period.

The vapor pressure constants, A, and B, of the test liquid
may be calculated from the measured Reid vapor pressure,

RVP, using Equations | and 2.

A, =15.64 — 1.854 §95 — (0.8742 - 0.3280 $99) In RVP (1)

B, = 8742 — 1042 $9> — (1049 — 179.4 59) In RVP (2)
where:

A, = vapor pressure constant (dimensionless),

BF = vapor pressure constant ("R),

RVP = test liquid Reid vapor pressure (psi),
S5 = test liquid ASTM-D86 distillation slope at 10
volume percent evaporated (“F/volume %), and
In = natural logarithm function.

For a test liquid that is normal-hexane (n-hexane) or iso-
hexane, technical grade or better, the test liquid distillation
slope, §, may be assumed to be 0°F/volume %. Equations 1
and 2 then simplify to Equations 3 and 4.

A, =15.64 —0.8742 In RVP (3)

B, = 8742 — 1049 In RVP (4)
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For pure n-hexane, the vapor pressure constants A, and B,
are:

A, = 13.824 (dimensionless), and (3)
B, =6,907.2 (°R). (6)

For iso-hexane, the vapor pressure constants A, and B,
depend on the actual test liquid composition.

The vapor pressure of the test liquid shall be calculated
from Equations 7 and 8.

(T, °R) = (T}, °F) + 459.67 (7)
P=exp[A,— (B, / (T} °R))] (8)
where:
P = wvapor pressure of the test liquid (psia);

Ty = mean temperature of the test liquid (°F or °R);
and

exp exponential function.

12.3 VAPOR PRESSURE FUNCTION

The vapor pressure function, P*, as described in the API
Manual of Petroleum Measurement Standards, Chapter 19.2
shall be calculated from Equation 9.

P*=(P/Pp)/[1+(1—(P/P))03P ©)

where:
P, = mean atmospheric pressure in the test room

during the steady-state test period (psia).

12.4 VAPOR DENSITY

The density of the test liquid vapor at standard conditions
shall be calculated from Equation 10.

D,=P M,/ R (T, °R) (10)

D, = density of the test liquid vapor at standard con-
ditions (Ib/sft?),

e
]

standard pressure (14.696 psia),

Ty = standard temperature (519.67°R),

R = universal gas constant (10.731 ft? psia/lb-mole
“R), and

M, = molecular weight of the test liquid vapor (Ib/Ib-
mole).

The molecular weight of the test liquid vapor, M, shall be
based on a composition analysis of the test liquid.

12,5 TEST ENCLOSURE LOSS RATE

The test enclosure loss rate, E, at each pressure difference
shall be calculated from Equation 11.

E = (1 volume fraction/100 ppmv) Q, D, (C, - C;) (11)

where:
E = test enclosure loss rate (Ib/min),

Qs = volumetric flow rate of test enclosure outlet air
at standard conditions (sft*/min),

C; = concentration of hydrocarbon vapor in the test
enclosure 1nlet air (ppmv), and

C-I".}

concentration of hydrocarbon vapor in the test
enclosure outlet air (ppmv).

The test enclosure loss rate that is to be used in determin-
ing a deck-seam loss factor or a deck-joint loss factor shall be
based on the mean of the test enclosure loss rates that are
determined during the steady-state test periods.

12.6 TEST ENCLOSURE LOSS FACTOR

The test enclosure loss factor, F, at each pressure difference
shall be calculated from Equation 12.

F = (60 min/hr)(24 hr/day)(365.25 days/yr) E/ P* M, K.
(12)

where:
F = testenclosure loss factor (Ib-mole/yr),

M, = molecular weight of the test liqguid vapor (Ib/Ib-
mole),

= 86.18 (Ib/lb-mole) for n-hexane, and

K. = product factor of the test liquid (dimensionless),

1.0 (dimensionless) for n-hexane and iso-
hexane.
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12.7 DECK-SEAM LOSS FACTOR

The deck-seam loss factor, K, at each pressure difference
shall be calculated from Equation 13.

K;=F/Ly, (13)

K, = deck-seam loss factor (Ib-mole/ft yr), and

Ly = length of test deck seam (f1).

12.8 DECK-JOINT LOSS FACTOR

The deck-joint loss factor, K;, at each pressure difference
shall be calculated from Equation 14.

Ki=F-LqKy (14)

where:

K; = deck-joint loss factor (Ib-mole/yr).

12.9 UNCERTAINTY ANALYSIS

Determine the uncertainty in the calculated deck-seam loss
factor, K, or deck-joint loss factor, Kj, by using the procedure
described in Appendix A, Uncertainty Analysis.

13 Report of Test Results
13.1 REPORT

The report of a laboratory test to determine the deck-seam
loss factor or deck-joint loss factor of a test deck seam or test
deck joint shall include:

a. Name and location of the testing laboratory.
b. Description and drawings of the test apparatus.

c¢. Name and location of the deck seam or deck joint
manufacturer.

d. Reid vapor pressure of the test liquid, as required in 7.4.

e. Description and drawings of the test deck seam or test
deck joint, as required in 11.2.1.

f. Description and calibration data for the instruments, as
required in 11.2.2.

g. Test data, as required in 11.2.3.
h. Results of calculation, as required in 12,

1. Results of the uncertainty analysis, as outlined in Appen-

dix A.

j. Results of the loss factor versus pressure difference corre-
lation equation determination, as required in 13.3.2.

13.2 DATA CURVES

Each value of the test enclosure loss rate, E, shall be
presented on a time-based loss rate curve, which shall
include the individual test enclosure loss rate values from
the beginning of the test through the steady-state test
period. The values shown on the curve shall be the calcu-
lated test enclosure loss rate, E, values, as described in
12.5. A typical test enclosure loss rate curve is shown in
Figure 4.

Accompanying curves and tables shall be included that
show:

a. Air flow rate leaving the test enclosure, ().

b. Pressure difference across the test deck seam or test deck
joint, P

¢. Total hydrocarbon concentration in the air entering the test
enclosure, C;.

d. Total hydrocarbon concentration in the air leaving the test
enclosure, C,,.

e. Temperatures of the test liquid, T}, the air passing through
flow meters, and the air in the test room.

f. Atmospheric pressure in the test room, P,,.

These curves shall include each of the individual values
from the beginning of the test through the steady-state test
period.

13.2.1 Coordinates

The data curves shall be drawn with time as the abscissa
and the associated test parameter (for example, test enclosure
loss rate, total hydrocarbon concentration in the test enclosure
outlet air, and so forth) as the ordinate.

13.2.2 Display

Date curves shall show the individual readings. The mean
value of each test parameter during the steady-state test
period shall be listed along with its standard deviation and
uncertainty based on a 95-percent confidence interval. Each
data curve shall list the test number, the test deck seam or test
deck joint description, the pressure difference across the test
deck seam or the test deck joint, and the names of the manu-
facturer and the test laboratory.

13.3 LOSS FACTOR GRAPH

The results of all tests for a given test deck seam or test
deck joint shall be presented on a loss factor graph. A typical
deck-seam loss factor graph is shown in Figure 5.
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13.3.1 Coordinates

Loss factor graphs shall be drawn with pressure difference
as the abscissa and the deck-seam loss factor or deck-joint
loss factor as the ordinate.

13.3.2 Display

The deck-seam loss factor or deck-joint loss factor that was
determined for each test shall be shown as a point with its 95-
percent confidence interval on the loss factor graph. In the
event that a loss factor was obtained for more than one test at
a specific level of pressure difference, the loss factor deter-
mined for each test shall be shown along with the mean loss
factor for that level of pressure difference. The value of the
loss factor and its 95-percent confidence interval shall be
listed to three significant figures, either on the graph or on an
accompanying table.

The curve of the loss factor versus pressure difference cor-
relation shall also be displayed, along with the value of the
loss factor that 1s predicted for a pressure difference of 0.05
inches of water column. The loss factor graph shall list the
test deck seam or test deck joint description and the names of
the manufacturer and test laboratory.

14 Precision and Bias

The uncertainty in a measured evaporative deck-seam loss
factor or deck-joint loss factor indicates the probable or possi-
ble difference between the measured value and the true value.
This uncertainty shall be obtained by using the procedure
described in Appendix A, Uncertainty Analysis, which uses
the uncertainties in the individual measurements that include

the effects of random error (imprecision) and systematic error
(b1as).



E, Test Enclosure Loss Rate, (Ib/min x 104)
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-~ Steady-State Test Period r o
1
0
15:00 15:05 15:10 15:15 15:20 15:25 15:30 15:35 15:40 15:45 15:50 15:55 16:00
Time of Day
ltem Value
« Test Deck Seam Description: Mon-Contact Deck Seam
* Pressure Difference: 0.0440, +0.0020 in wc
« Mean Test Enclosure Loss Rate: 2.2085 x 1072 Ib/min
Standard Deviation: 3.6428% of the mean value
95% Confidence Interval: +8.0449 x 10-7 Ib/min
+ Test Number: 1
* Deck Seam Manufacturer: Deck-R-Us
« Test Laboratory: Tests-R-Us

Figure 4—Typical Test Enclosure Loss Rate Curve
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Test Deck Seam Description: Mon-Contact Deck Seam

Deck Seam Manufacturer: Deck-R-Us
Test Laboratory: Tests-R-Us
Deck-Seam Loss Factor versus pressure
difference correlation: Kg=0.0296 + 2.53 P4
Deck-Seam Loss Factor at a pressure

difference of 0.05 in we: 0.156 Ib-mole/ft yr

Figure 5—Typical Deck-Seam Loss Factor Graph



APPENDIX A—UNCERTAINTY ANALYSIS

A.1 General

Loss factor determinations are always subject to some level
of uncertainty as result of uncertainties in the measured vari-
ables. These individual uncertainties include both a system-
atic component, which 1s expressed as bias, and a random
component, which is expressed as imprecision.

Appendix A describes a calculation method that shall be
used to determine the uncertainty in the deck-seam loss fac-
tor, K4, and the deck-joint loss factor, K, that results from the
effects of the individual measurement uncertainties. The
result of these calculations shall be included in the report of
test results.

A.2 Definitions

The following definitions are used in Appendix A:

X = measured quantity,
U/, = absolute uncertainty in X,
E, = per unit uncertainty in X.

From these definitions it follows that:

Ex=U/X (A-1)

The per unit uncertainty, E,, used in this standard shall be
based on a 95-percent confidence limit, which implies that
out of a large number of measurements having a normal sta-
tistical distribution, 95-percent may be expected to be within
the limits specified, with 2.5 percent above the top limit and
2.5 percent below the bottom limit.

The results of measurements shall be reported as shown in
Equation A-2.

X+ U, (A-2)

A.3 Nomenclature

The nomenclature used in Appendix A consists of the
nomenclature previously listed in 3.3, as well as that listed in
the following table.

Symbol Description
R,  Ratio of vapor pressure to atmospheric pressure,
dimensionless
Per Unit Uncertainty of:

Constant in the vapor pressure equation, dimen-
sionless.

Eﬂp
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Ep,  Constant in the vapor pressure equation, dimen-
sionless.
Ec-;  Inlet concentration, dimensionless.
Er,  Outlet concentration, dimensionless.
Eps  Density of the test liquid vapor at standard condi-
tions, dimensionless.
Er  Test enclosure loss rate, dimensionless.
Er  Test enclosure loss factor, dimensionless.
Eg,.  Product factor, dimensionless.
Egxgs  Deck-seam loss factor, dimensionless.

Ex;  Deck-joint loss factor, dimensionless.

Erq  Deck seam length, dimensionless.

Eyne Molecular weight of the test liquid vapor, dimen-
sionless.

Ep  Vapor pressure of the test liquid, dimensionless.

Ep+  Vapor pressure function, dimensionless.

Ep,  Atmospheric pressure, dimensionless.

Epy  Pressure difference across the deck seam, dimen-
sionless.

Eps  Flow rate through the test enclosure, dimension-
less.

Egr, Ratio of vapor pressure to atmospheric pressure,
dimensionless.

Epyp  Reid vapor pressure, dimensionless.
E7;  Temperature of the test liquid, dimensionless.

Absolute Uncertainty of:

Usp  Constant in the vapor pressure equation, dimen-
sionless.
Upp,  Constant in the vapor pressure equation, °R.
Uc;  Inlet concentration, ppmv.
Uec,  Outlet concentration, ppmv.
Ups  Density of the test liquid vapor at standard condi-
tions, Ib/sft>.
Ur  Test enclosure loss rate, Ib/min.
Upr  Test enclosure loss factor, Ib-mole/yr.
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Ug.  Product factor, dimensionless.

Ukgs  Deck-seam loss factor, Ib-mole/ft yr.

Ug;  Deck-joint loss factor, Ib-mole/yr.

Ups  Deck seam length, ft.

Up  Molecular weight of test liquid vapor, 1b/lb-mole.
Up  Vapor pressure of the test liquid, psia.

Up+  Vapor pressure function, dimensionless.

Up,  Atmospheric pressure, psia.

Upg  Pressure difference across the deck seam, in wc.

Uops  Flow rate through the test enclosure, sft’/min.

Ugp,  Ratio of vapor pressure to atmospheric pressure,
dimensionless.

Upvp  Reid vapor pressure, psi.

Uy Temperature of the test liquid, °F or °R.

A.4 Uncertainty Formulas

This section presents the formulas that shall be used to cal-
culate the uncertainties.

A.4.1 UNCERTAINTY IN THE VAPOR PRESSURE
CONSTANTS

The per unit uncertainty in the vapor pressure constants A,
and B), shall be calculated from Equations A-3 and A-4,
respectively.

Epp = (0.8742) EgyplA, (A-3)
Egp = (1049) Egyp/B,, (A-4)

A sample of the test liquid shall be tested to determine its
Reid vapor pressure in accordance with ASTM D323, That
test shall also include a value for the per unit uncertainty in
the Reid vapor pressure, Epyp.

A.4.2 UNCERTAINTY IN THE VAPOR PRESSURE

The per unit uncertainty in the vapor pressure, Ep, shall be
calculated from Equation A-5.

Ep = [A,’E,? + (By/T))? (Epy* + ErP)|0? (A-5)

The temperature of the test liquid, 7}, may vary during the
course of a test. The test liquid vapor pressure, P, used in the
loss factor determination shall be based on the mean of the
measurements of the test liquid temperature recorded during

the !/> hour steady-state test period. The per unit uncertainty
in the mean temperature of the test liquid shall include any
known bias errors in the calibration of the temperature mea-
surement instrumentation, as well as any random errors
resulting from variations in the temperature of the test liquid
during the steady-state test period.

A.4.3 UNCERTAINTY IN THE VAPOR PRESSURE
FUNCTION

In determining the per unit uncertainty in the vapor pres-
sure function, P¥, it is convenient to define the parameter R,
as the ratio of the stock vapor pressure, P, to atmospheric
pressure, P,, as shown in Equation A-6.

R,=P/P, (A-6)

The per unit uncertainty in R, shall be calculated from
Equation A-7.

Egp = [Ep* + Ep*1? (A-7)

The atmospheric pressure, P,, may vary during the course
of a test. The atmospheric pressure used in the loss factor
determination shall be based on the mean of the measure-
ments of atmospheric pressure recorded during the !/> hour
steady-state period. The per unit uncertainty in the mean
atmospheric pressure shall include any known bias errors in
the calibration of the atmospheric pressure measurement
instrumentation, as well as random errors resulting from vari-
ations in the atmospheric pressure during the steady-state test
period. Is should be noted, however, that the per unit uncer-
tainty in the mean atmospheric pressure, Ep,, 15 typically
small in comparison to the per unit uncertainty in the mean
stock vapor pressure, Ep

The per unit uncertainty in the vapor pressure function,
Ep+, shall be calculated from Equation A-8.

Ep==[1/(1 - R,)">] Eg, (A-8)

A.4.4 UNCERTAINTY IN THE VAPOR DENSITY

The per unit uncertainty in the density of the test liquid
vapor at standard conditions, Ep,, shall be calculated from
Equation A-9.

Eps = Emy (A-9)

A sample of the test liquid shall be analyzed to determine
its vapor molecular weight, M,. That vapor molecular weight
determination shall also include a value for the per unit uncer-
tainty in the stock vapor molecular weight, Ey;,.
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A.4.5 UNCERTAINTY IN THETEST ENCLOSURE
LOSS RATE

The per unit uncertainty in the test enclosure loss rate, Ef,
shall be calculated from Equation A-10.

EE = [‘E‘l;f_r'&.':1 + Eﬂsz T (CI'JEECHE T CEEEC f'E)-"f (Cﬁ - Cr')z]ﬂj
(A-10)

The gas flow rate through the test enclosure, ;, the inlet
concentration, C;, and outlet concentration, C,, may vary
during the course of a test. The values used in the loss factor
determination shall be based on the mean of the measure-
ments that are recorded during the /5 hour steady-state test
period. The per unit uncertainties in the mean flow rate, inlet
concentration and outlet concentration shall include any
known bias errors in the calibration of the measurement
equipment, as well as random errors resulting from varia-
tions during the steady-state test period.

A.46 UNCERTAINTY IN THETEST ENCLOSURE
LOSS FACTOR

The per unit uncertainty in the test enclosure loss factor,
Er, shall be calculated from Equation A-11.

Er= [EF2 + Ep*z + EMP? + EKL.?]U'S (A-11)

A method for determining the per unit uncertainty in the
product factor, Eg, is not known at this time, and a value of ()
may be assumed.

A.4.7 UNCERTAINTY IN THE DECK-SEAM LOSS
FACTOR

The per unit uncertainty in the deck-seam loss factor, Eg,
shall be calculated from Equation A-12.

Exa=Ef + E 21 (A-12)

A.4.8 UNCERTAINTY IN THE DECK-JOINT LOSS
FACTOR

The per unit uncertainty in the deck-joint loss factor, Ek;,
may be calculated from Equation A-13.

Exj = [(F/ K)PER + (Ly Kg/ K)XELP + Ex )
(A-13)

A.5 Example Uncertainty Analysis

This section presents an example uncertainty analysis for
a deck-seam loss factor test. While no example uncertainty

analysis is presented for a deck-joint loss factor test, it
would be performed in a manner similar to the following
example uncertainty analysis for a deck-seam loss factor
test. Table A-1 summarizes the results of the uncertainty
analysis.

A.5.1 UNCERTAINTY IN THE VAPOR PRESSURE
CONSTANTS

Calculate A:
RVP =7.4200 psi (from the test data).

From Equation 3:
A, = (15.64)—(0.8742) [n RVP
= (15.64) — (0.8742) In (7.4200)
13.888

Calculate E):
Eryp = 5.0000 x 10~ (estimate).

From Equation A-3:

EAF = (0.8742) Egyp/ Ap
= (0.8742)(5.0000 x 10-%)/(13.888)
= 3.1473x 10

Calculate Uy:

UAF = E.Ji‘r:r A;J

(3.1473 x 107%) (13.888)
= 43710x 1073

Calculate B):
RVP =7.4200 psi (from the test data).

From Equation 4:
B, = (8742) —(1049) In RVP

= (8742) —(1049) In (7.4200)

6,639.6°R
Calculate Ep),:

Epvp = 5.0000 x 103 (estimate).
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Table A-1—Summary of Example Uncertainty Analysis Results

Description Symbol Units Value Notes

Reid vapor pressure RVP psi 7.4200 Test data

Upyp psi 3.7100 x 102

Epyp dimensionless 5.0000 x 102 Estimate
Vapor pressure constant Ap dimensionless 13.888 Equation 3

Uap dimensionless 43710 x 103

Eap dimensionless 3.1473 x 107 Equation A-3
Vapor pressure constant B, R 6,639.6 Equation 4

Ugp ‘R 5.2450

Epgy dimensionless 7.8996 x 10~ Equation A-4
Liquid temperature Ty i 69.82 Test data

T; ‘R 52949 Equation 7

Uy ‘R 5.0000 x 10! Estimate

E7y dimensionless 9.4430 x 10~
Vapor pressure P psia 3.8509 Equation 8§

Up psia 6.1788 x 10>

Ep dimensionless 1.6045 x 10> Equation A-5
Atmospheric pressure P, psia 14.342 Test data

Up, psia 7.1709 x 102

Ep, dimensionless 5.0000 x 102 Estimate
Ratio of vapor pressure to Ry dimensionless (.26851 Equation A-6
AR [ Urp dimensionless 45126 x 1073

Egp dimensionless 1.6806 x 10> Equation A-7
Vapor pressure function P# dimensionless (0.078009 Equation 9

Ups dimensionless 1.5329 x 103

Eps dimensionless 1.9650 x 102 Equation A-8
Vapor molecular weight M, Ib/Ib-mole 85.970 Test data

U Ib/Ib-mole 4,2985 x 107

Ean dimensionless 5.0000 x 103 Estimate
Test liquad vapor density D, Ib/sft? (0.226506 Equation 10

Ups Ib/sft? 1.1328 x 10

Epg dimensionless 5.0000 x 103 Equation A-9
Inlet concentration C; ppmv 2.7900 Test data

Uei ppmv 8.3700 x 102

Eci dimensionless 3.0000 x 102 Estimate
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Table A-1—Summary of Example Uncertainty Analysis Results (Continued)
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Description Symbol Units Value Notes

Outlet concentration C, ppmv 2548.0 Test data

Ucy ppmy 7.6440 x 10!

5 dimensionless 3.0000 x 102 Estimate
Gas flow rate 0, sft*/min 0.038299 Test data

Ups sft*/min 7.6598 x 10~

Eqy dimensionless 2.0000 x 102 Estimate
Test enclosure loss rate E Ib/min 2.2085 x 1072 Equation 11

Ug Ib/min 8.0449 x 107

Er dimensionless 3.6428 x 102 Equation A-10
Product factor K. dimensionless 1.0000 Given

U, dimensionless (0.0000

Eg. dimensionless (0.0000 Estimate
Test enclosure loss factor F Ib-mole/yr 1.7320 Equation 12

Ug Ib-mole/yr 7.2208 x 102

Er dimensionless 4.1690 x 10-= Equation A-11
Deck seam length Ly ft 10.000 Test data

Up g ft 1.0000 x 10!

Erq dimensionless 1.0000 x 102 Estimate
Deck-seam loss factor Ky lb-mole/ft yr (0.17320 Equation 13

Uk Ib-mole/ft yr 7.4257 x 1073

Ex. dimensionless 42873 x 102 Equation A-12
Deck seam pressure difference Py 1n We (0.044000 Test data

Upg In wWe 2.0000 x 103 Estimate

Epg dimensionless 4.5455 x 102

From Equation A-4:
Eﬂp = (1'[]'49] Elqvpfﬂp

= (1049) (5.0000 x 10-3) / (6,639.6)

= 7.8996 x 104 °R

Calculate Up):

Ugp Egy, B,

5.2450°R

(7.8996 x 10—%) (6,639.6)

A.5.2 UNCERTAINTY IN THE VAPOR PRESSURE

Calculate P:

From Equation 8:

P

€xp lAp - {Bp"; il

13.888 (dimensionless; from Section A.5.1)
6,639.6°R (from Section A.5.1)
529.49°R (from the test data).

exp [(13.888) — (6,639.6/529.49)]
3.8509 psia
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Cﬂlﬂlllﬂtﬁ E P
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Esp, = 3.1473 x 10~* (from Section A.5.1)
Eg, = 7.8996 x 10~* (from Section A.5.1)

Er = 9.4430 x 10~* (from the test data).
From Equation A-5:

Ep = [Ap’Epy* + (BT (Epy* + Er)1?

[(13.888)2(3.1473 x 10792 + (6,639.6/529.49)2
[(7.8996 x 10—4) + (9.4430 x 10~4)210-

= 1.6045 x 102
Calculate Up:

Up

EpP

(1.6045 x 10-2)(3.8509)
= 6.1788 x 102 psia

A.5.3 UNCERTAINTY IN THE RATIO OF VAPOR
PRESSURE TO ATMOSPHERIC PRESSURE

Calculate Rp:

P = 3.8509 psia (from Section 4.5.2)
P, = 14.342 psia (from the test data).

From Equation A-6:

R, = PIP,
= (3.8509)/(14.342)
= (.26851
Calculate E Rp'

Ep = 1.6045 x 102 (from Section 4.5.2)

Ep, = 5.0000 x 102 (estimate).

From Equation A-7:

)
Egp = |Ep*+ Ep?1%”

[(1.6045 x 107%)% + (5.0000 x 1073)>]V>

1.6806 x 102

Calculate Ugy,:

URF = EHP Rp

(1.6806 x 10—2)(0.26851)
= 4.5126x 1073

A.5.4 UNCERTAINTY IN THE VAPOR PRESSURE
FUNCTION

Calculate P*:
R, = 0.26851 (from Section A.5.3).

From Equation 9:

P* = R,/[1 +(1-R,)3)2

(0.26851)/[1 + (1 —0.26851)0-3]2
0.078009

Calculate Eps:
Egp, = 1.6806 x 10~* (from Section 4.5.3).
From Equation A-8:

Ep*

[1/(1 = R,)"1ER,
= [1/(1 =0.26851)%3] (1.6806 x 102)

1.9650 x 102

Calculate Up::

UP#- - EP4= P*

(1.9650 x 10-2) (0.078009)

= 1.5329x 1073

A.5.5 UNCERTAINTY IN THE VAPOR DENSITY
Calculate D,:

P, = 14.696 psia (constant)

Ty, = 519.67°R (constant)

R = 10.731 ft° psia / Ib-mole °R (constant)

M, = 85.970 Ib/lb-mole (from the test data).
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From Equation 10:

Dy = PsM,/RT;
= (14.696) (85.970) / (10.731) (519.67)

= (0.22656 Ib/sft>

Calculate Ep:
Eye = 5.0000 x 1073 (estimate).

From Equation A-9:

ED:; - EMP

5.0000 x 1073
Calculate Up,:

UDJ;

Eﬂs ﬂ.ﬁ'
= (5.0000 x 1073) (0.22656)

1.1328 x 10~ 1b/sft3

A.5.6 UNCERTAINTY IN THETEST ENCLOSURE
LOSS RATE

Calculate E:

0, = 0.038299 sft’/min (from the test data)

0.22656 1b/sft? (from Section A.5.4)

-~
1l

L
I

2.7900 ppmv (from the test data)

C, = 2548.0 ppmv (from the test data).

From Equation 11:

E = (1 volume fraction/106 ppmv) Q, D, (C, - C;)
= (10-6) (0.038299) (0.22656) (2548.0 - 2.7900)
= 2.2085 x 10~ 1b/min
Calculate Eg:

Eps = 2.0000 x 1072 (estimate)
Eps = 5.0000 x 1073 (from Section A.5.5)

3.0000 x 102 (estimate)

o}
1l

E{:ﬂ = 3.0000x 102 (estimate).

From Equation A-10:

Eg = [EQSE + EDSE + (an Eﬂ"ﬂz + C!'E El:'f?] [ (Co - Ci')z]ﬂ'j

= [(2.0000 x 1072)2 + (5.0000 x 1073)2 +
((2548.0)%(3.0000 x 1072)* +
(2.7900)7(3.0000 x 10-%)?)/ (2548.0 — 2.7900)*]"~

= 2.2085 x 102 Ib/min
Calculate Up:

UE — EEE

(3.6428 x 1072) (2.2085 x 1079)
= 8.0449 x 107 Ib/min

A.5.7 UNCERTAINTY IN THE TEST ENCLOSURE
LOSS FACTOR

Calculate F:

E = 2.2085 x 1072 Ib/min (from Section A.5.6)
P* 0.078009 (dimensionless; from Section A.5.4)
M, 85.970 Ib/Ib-mole (from the test data)

K. = 1.0000 (dimensionless; given constant).
From Equation 12:

F = (60)(24) (365.25) E/ P* M, K,

(60) (24) (365.25) (2.2085 x 107°) /
(0.078009) (85.970) (1.0000)

= 1.7320 Ib-mole/yr

Calculate E:

= 3.6428 x 102 (from Section A.5.6)

=
!

Ep: = 1.9650 x 102 (from Section A.5.4)
Ey = 5.0000 x 1072 (estimate)

0 (assumed).

I

From Equation A-11:

Ep = [Eg*+ Eps* + Ep? + Eg]0°

[(3.6428 x 1072)2 + (1.9650 x 10-2)2 +
(5.0000 x 10-3)? + (0)%]%-

4.1690 x 1072
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Calculate Up:
UF = K F F

(4.1690 x 102) (1.7320)

= 7.2208 x 102 Ib-mole/yr

A.5.8 UNCERTAINTY IN THE DECK-SEAM LOSS
FACTOR

Calculate K

F = 1.7320 Ib-mole/yr (from Section A.5.7)
Ly = 10.000 ft (from the test data).

From Equation 13:

Kd — F.l"l.!r_.d

(1.7320) / (10.000)
0.17320 Ib-mole/ft yr

Calculate Eg :

Er = 4.1690 x 1072 (from Section A.5.7)

E;ry = 1.0000 x 102 (estimate).

From Equation A-12:

Exa = [EF* +EL#1?

= [(4.1690 x 1072)% + (1.0000 x 10-2)219-
= 4.2873 x 102

Calculate Ugy:

Uki = Exa Ky

= (4.2873 x 107%) (0.17320)

7.4257 x 10—3 1b-mole/ft yr

A.5.9 SUMMARY OF THE UNCERTAINTY
ANALYSIS

The deck-seam loss factor, K, that resulted from the test
data of this example can be stated as follows:

K,;=0.17320, £0.0074257 Ib-mole/ft yr
at a test enclosure pressure difference of:

P, = 0.0440, £0.0020 in water column (from the test data).



APPENDIX B—METRIC UNITS

B.1 General

To covert the inch-pounds units employed in the text to
equivalent SI units of the International System of Units, the
guidelines of the APl Manual of Petroleum Measurement
Standards, Chapter 15, shall be followed. The unit of length
1s either the kilometer, designated km, or the meter, desig-
nated m. The unit of mass 1s the kilogram, designated kg. The
unit of force 1s the newton, designated N. The unit of time 1s
either the hour, designated hr, or the year designated yr. The
unit of temperature 1s the degree Celsius, designated °C, or
the degree Kelvin, designated °K.

B.2 Pressure

The text employs the units of pounds force per square inch,
designated psi, or inches of water column, designated in wc,
for pressure. The equivalent SI unit for pressure is the kilo-
pascal, designated kPa.

B.3 Deck-Seam Loss Factor

The text employs the units of pounds-moles per foot year,
designated Ib-mole/ft yr, for the deck-seam loss factor, K.
The equivalent SI units are kilogram-moles per meter year,
designated kmol/m yr.

The use of the deck-seam loss factor, K, to determine deck
seam losses i1s described in the APl Manual of Petroleum
Measurement Standards, Chapter19.2.

To determine the deck-seam loss rate in the inch-pound
units of pound-moles per year, designated lb-mole/yr for a
floating roof tank, the deck-seam loss factor, K4, with units of
pounds-moles per foot year, designated Ib-mole/ft yr, must be
multiplied by the following four factors: the deck seam
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length, L, with units of feet of deck seam, designated ft; the
dimensionless vapor pressure function, P*; and the dimen-
sionless product factor, K.

To determine the deck-seam loss rate in SI units of kilo-
gram-moles per year for a floating roof tank, the deck-seam
loss factor, K, with units of kilogram-mole per meter year,
designated kmol/m yr, must be multiplied by the following
four factors: the deck seam length, L, with units of meters of
deck seam, designated m; the dimensionless vapor pressure
function, P*; and the dimensionless product factor, K.

B.4 Deck-Joint Loss Factor

The text employs the units of pound-moles per year, desig-
nated 1b-mole/yr, for the deck-joint loss factor, K;. The equiv-
alent SI units are kilogram-mole per year, designated kmol/yr.

The use of the deck-joint loss factor, Kj, to determine deck
joint losses is described in the API Manual of Petroleum Mea-
surement Standards, Chapter 19.2.

To determine the deck-joint loss rate in the inch-pound
units of pound-moles per year, designated 1b-mole/yr, for a
floating roof tank, the deck-joint loss factor, K;, with units of
pound-moles per year, designated Ib-mole/yr, is multiplied by
the following three factors: the dimensionless number of deck
joints of a particular type that are on the floating roof deck,
hi,—; the dimensionless vapor pressure function, P*, and the
dimensionless product factor, K.

To determine the deck-joint loss rate in the SI units of kilo-
gram-moles per year, designated kmol/yr, for a floating roof
tank, the deck-joint loss factor, Kj, with units of kilogram-
moles per year, designated kmol/yr, 1s multiplied by the same
three dimensionless factors, NP P*, and K., that were used
with the m-pound units.






APPENDIX C—BIBLIOGRAPHY

The following is a list of related references not cited in the
text.

C.1 API References

Manual of Petroleum Measurement Standares:

Chapter 19.1 “Evaporative Loss From Fixed-Roof
Tanks,” Second Edition, October 1991.
“Evaporative Loss from Floating Roof

Tanks,” First Edition, April 1997

Chapter 19.2

Publications and Standards:

Std 653 Tank Inspection, Repair, Alteration, and

Reconstruction, Second Edition, Decem-
ber 1995.

Documentation File for API Publication
2317, Evaporative Loss From External
Floating-Roof Tanks, First Edition, March
1993,

Documentation File for API Publication
2519, Evaporative Loss From Internal
Floating-Roof Tanks, First Edition, March
1993,

Publ 2517D

Publ 2519D

31

Reports:

Development of the Testing Protocol for
the Measurement of Deck Seam Loss Fac-
tors Using the Fugitive Emission Test
Method, Final Report, Prepared by Chi-
cago Bridge & Iron Company for the
American Petroleum Institute, September
14, 1999,

C.2 ASTMZ2 References

Standards:

E456-92 Terminology Relating to Quality and
Statistics.

E1187-90 Terminology Relating to Laboratory
Accreditation.

E1267-88 Guide for ASTM Standard Specification of
Quality Statements.

El4558-92 Guide for Statistical Procedures to Use in

Developing and Applying ASTM Test
Methods.

2ASTM International, 100 Bar Harbor Drive, West Conshohocken,
Pennsylvania 19428,






American Petroleum Institute Publications Order Form - 2001

Available through Global Engineering Documents
Phone Orders: 1-800-854-7179 (Toll-free in the U.S. and Canada) » 303-397-7T956 (Local and International) « Fax Orders: 303-397-2740
Online Orders: www.global.ihs.com

Date: 1 API Member (Check if Yes)

Invoice To (1 Check here if same as “Ship To™) Ship To (UPS will not deliver to a PO. Box)

Name: Name:

Title: Title:

Company: Company:

Department: Department:

Address: Address:

City. State/Province: City, State/Province:
Zip/Postal Code: Country: Zip/Postal Code: Country:
Telephone: Telephone:

Fax: Fax:

E-Maul: E-Mail:

Quantity [Product Number Title SO* Unit Price

MPMS Chapter 19.3A, Wind Tunnel Test Method Deck Fitting Loss Factors for
External Floating-Roof Tanks

MPMS Chapter 19.3B, Air Concentration Test Method—Rim Seal Loss Factors for
Floating-Roof Tanks

MPMS Chapter 19.3C, Weight Loss Test Method—Deck Seam Loss Factors for
Internal Floating-Roof Tanks

MPMS Chapter 19.3E, Weight Loss Test Method—Deck Fitting Loss Factors for
Internal Floating-Roof Tanks

H1903A

H1903B

H1903C

H1903E

H1903F MPMS Chapter 19.3F, Evaporative Loss Factor for Storage Tanks Certification Program

H1903G MPMS Chapter 19.3G, Certified Loss Factor Testing Laboratory Registration

H1903H MPMS Chapter 19.3H, Tank Seals and Fittings Certification Administration

. Payment Enclosed . P.0. No. (Enclose Copy) Subtotal
Applicable Sales Tax (s¢¢ below)

[l Charge My Global Account No.

Rush Shipping Charge (5¢e below)

1 VIsSA ] MasterCard _] American Express ._] Discover
Shipping and Handling (see below)

Credit Card No..

Total (in L.5. Dollars)
Name (As It Appears on Card):

*To be placed on Standing Order for future editions of this
Expiration Date; publication, place a check mark in the SO column and sign here:

Signature:
Pricing and availability subject to change without notice.

Mail Orders - Payment by check or money order in U.S. dollars is required except for established accounts. State and local taxes, plus 5% for shipping and handling, must be added.
Send mail orders to: APl Publications, Global Engineering Documents, 15 Inverness Way East, M/S C303E, Englewood, CO 80112-5776, USA.
Purchase Orders - Purchase orders are accepted from established accounts. Invoice will include actual freight cost, an $8.00 handling fee, plus state and local taxes.
Telephone Orders - If ordering by telephone, an $8.00 handling fee and actual freight costs will be added to the order.

Sales Tax - All U.S. purchases must include applicable state and local sales tax. Customers claiming tax-exempt status must provide Global with a copy of their exemption
certificate.

Shipping (U.S. Orders) - Orders shipped within the U.5. are sent via traceable means. Most orders are shipped the same day. Subscription updates are sent by First-Class Mail.
Other options, including next-day service, air service, fax transmission, and electronic delivery are available at additional cost.

Shipping (International Orders) - Standard international shipping is by air express courier service. Subscription updates are sent by World Mail. Normal delivery is 3-4 days from
shipping date.

Rush Shipping Fee - In addition to the carrier charges, the following charges will be added: Next Day Delivery orders placed prior to 2:00 p.m. MST - $10.00 / Next Day Delivery
orders placed after 2:00 p.m. MST - $20.00 (if time is available for order processing)

Returns - All returns must be pre-approved by calling Global's Customer Service Department at 1-800-624-3974 for information and assistance. There may be a 15% restocking fee.
Special order items, electronic documents, and age-dated materials are non-returnable.



The American Petroleum Institute provides additional resources
and programs to industry which are based on API Standards.
For more information, contact:

e Training/Workshops Ph:  202-682-8564
Fax: 202-962-4797

e Inspector Certification Programs Ph:  202-682-8161
Fax: 202-962-4739

e American Petroleum Institute Ph:  202-682-8574
Quality Registrar Fax: 202-682-8070
e Monogram Licensing Program Ph:  202-962-4791
Fax: 202-682-8070

e Engine Oil Licensing and Ph:  202-682-8233
Certification System Fax: 202-962-4739

To obtain a free copy of the API Publications, Programs,
and Services Catalog, call 202-682-8375 or fax your request
to 202-962-4776. Or see the online interactive version of the
catalog on our web site at www.api.org/cat.

American
L ) Petroleum

Institute

Helping You
Get The Job
Done Right

10.1.99



06/01



Additional copies are available through Global Engineering
Documents at (800) 854-7179 or (303) 397-7956

Information about API Publications, Programs and Services is
available on the World Wide Web at: http://www.api.org

American 1220 L Street, Northwest
L ) Petroleum  Washington, D.C. 20005-4070



