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ABSTRACT

This study provides an estimate of 1976 nationwide hydrocarbon emissions
from storage of petroleum ligquids in existing tanks with a capacity greater
than 150,000 liters. Numbers and types of existing tanks were determined to
estimate these emissions by geographical location, industry sector, and
volatiiity class of the stored products. Projections of emissions are made
for 1980 and 1985 assuming only newly constructed tanks meet the requirements
of the New Source Performance Standard (NSPS) for the storage of petroleum
liquids and then assuming existing fixed roof tanks storing products with

a volatility greater than 10.5 kPa are retrofitted with internal floating
covers. Qther options such as the use of vasor recovery systems for fixed
roof tanks and double seals on external floating roof tanks were considered
beyond the scope of the study. A nationwide estimate of 1976 emissions by
petroleum liquid type stored is presented.
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1.0 SUMMARY

The purpose of this project was to evaluate hydrocarbon (HC)
emissions from petroleum storage tanks located in the United States.
The evaluation was limited to floating-roof and fixed-roof tanks
having capacities greater than 151,000 liters (40,000 gallons).

The project required estimating the current, nationwide, annual
emissions from the tanks and projecting the emission levels to

the years 1980 and 1985. Emphasis of the project was placed

on estimating the HC emissions from tanks located at refineries,
terminals, tank farms, and pipeline facilities. Tanks at oi]l
production facilities were not included. Emission estimates were

then developed for 1980 and 1985 assuming that all existing fixed-
roof tanks storing petroleum liquids with a true vapor pressure greater
than 10.5 kilopascals (kPa) (1.52 psia) were retrofitted with floating
roofs and that all new tanks for these petroleum liguids were external
floating-roof tanks. Application of alternative controls system such
as vapor recovery systems and double seals on external floating-roof
tanks was beyond the scope of this project.

1.1 EMISSION ESTIMATE METHODOLOG

The numbers of floating-roof and fixed-roof tanks, and sub-
sequently, the annual HC emissions from these tanks were estimated
by first compiling a tank data base. For individual tank locations,
information was collected about the tank design characteristics,
the properties of the petroleum liquid stored, and the tank opera-
tions. Primary data sources were state and local air pollution
regulatory agencies. Approximately 25,000 tank locations were
listed in the compiled tank data base.

Processing of the compiled tank data consisted of sorting
the data by varijous classifications schemes and calculation of the
annual HC cmissions from each tank location. The emission
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calculations were performed using the emission equations described
in the U.S. Environmental Protection Agenc¥ document Compilation
of Air Pollution Emission Factors (AP-42).L1] Results for the
emission calculations were summed for direct input into the total
emission estimates. Also, the results were averaged to obtain

tank emission factors. These factors were used to approximate

tank HC emissions for refineries, terminals, and pipeline facilities
not lTisted in the compiled tank data base.

Summing the results for the emission calculations plus the
emission approximations for locations not listed in the data base
yielded the total estimates of annual HC emissions fram floating-
roof and fixed-roof tanks for the year 1976. Projections of annual
HC emissions for the years 1980 and 1985 were made by linear
extrapolation of the 1976 estimated emission values. A ratio of
future to current domestic rafining capacity was used to project
upward the 1976 values.

1.2 EMISSICN ESTIMATE RESULTS

1.2.7 1976 ANNUAL HYDROCARSQN EMISSTIONS

For the year 1976, it was estimatad there were 3C,CC0 floating-
roof and fixed-roof tanks naving capacities greater than 151,000
litars. Annual AC emissions from these tanks were astimated to
total 3.3 x 108 kilograms per year (kg/yr). (One kilogram aquals
2.2 pounds.) Approximately 17% of the emissions were sstimatad
to be emitted from external and internal flcating-rocf tanks as
shown below by the volatility of the petroleum liquid stored in
the tank (expressed in kilopascals (kPa), 1.0 kPa equals 0.745 nsia).

1-2



Volatility of Petroleum Number of Annual HC

Liquid Stored Tanks Emissions

(kPa) (psia) (1,000 kg/yr)
0.0 to 3.5 0.0 toa 0.5 1,830 2,002
3.5 to 10.5 0.51 to 1.82 1,310 5,020
10.5 to 35.5 1.52 to 5.0 7,093 64,178
35.5 to 62.7 5.0 to 9.1 3,357 61,464
62.7 to 76.5 9.1 to 11.1 218 9,400
TOTAL 13,808 142,064

The remaining 83% of the emissions were estimated to be emitted from
fixed-roof tanks as shown below:

Volatility of Petroleum Number of Annual HC
Liquid Stored Tanks Emissions
{kPa) (psia) (1,000 kg/yr)
0.0 to 3.5 0.0 to 0.51 15,416 34,170
3.5 to 10.5 0.51 to 1.52 3,388 98,737
10.5 to 35.5 1.52 to 5.0 5,840 406,116
35.5 to 62.7 5.0 to 9.1 1,396 134,927
62.7 to 76.5 3.1 to 11.1 49 16,170
TOTAL 26,089 690,170

Tables 1-1 and 1-2 summarize, respectively, the estimated tank numbers
and annual HC emissions for the year 1976 by Petroleum Allocation for
Defense (PAD) Districts and by industry sectors.

Installing internal floating roofs is one method available to
control HC emissions from fixed-roof tanks. For the year 1976, annual
HC emissions from fixed-roof tanks were also estimated assuming the
retrofitting of internal floating roofs in the fixed-roof tanks stor-
ing petroleum liquids having a vapor pressure greater than 10.5 kPa

1-3
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(1.52 psia). These estimates showed total annual HC emissions
from fixed-roof tanks would be reducad by 77% to 1.6 x 108 Kg/yr.
A comparison of the 1976 emission estimates for hoth emission
control strategy assumptions is shown in Table 1-3.

1.2.2 1980 AND 1985 ANNUAL HYDROCARBON £MISSICNS

For the year 1380, it was projected there will be 16,300
floating-roof tanks and 29,000 fixed-roof tanks having capacities
greater than 151,000 liters. These projections assumed all new
tank construction would comply with the current New Source
Performance Standards (NSPS) for petroleum storage tanks.[zj
new tanks projectad to store petroleum liquids having a vapor
pressure greater than 10.5 kPa were counted as external floating-
rocf tanks.

All

Total annual HC emissions from floating-roof and fixed-roof
tanks for the year 1980 were projectad to be 8.3 x 108 kg/yr. A
sacond projaction was made. assuming all new tank construction
would comply with the current NSPS and all existing fixed-roof tanks
would be retrofitted with internal floating roofs. Using cthis
alternative contral strategy assumption, projected annual 13¢3
HC emissions were raducad to 3.3 x 108 kg/yr. Table 1-4 comparss
tne 1980 emissian projections by stored cetroieum liquid velatility
class.

An analogous set of projections was made for the year 1383,
The numbers of floating-roof tanks and fixed-roof tanks were pro-
jected to increase to, respectively, 19,700 tanks and 31,500 tanks
assuming current NSPS. Projected annual HC emissions tataled
3.3 x 108 kg/yr. Using the alternative amission control stratagy,
the projectad annual HC a2missions decrsised %o 4.0 x 148 kg/yr.
A comparison of the 1985 emission projections is shewn in Table 1-3.
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2.0 INTRODUCTION

The purpose of this project was to evaluate hydrocarbon (HC)
emissions from petroleum storage tanks located in the United States.
The evaluation was limited to fleoating-roof and fixed-roof tanks
having capacities greater than 151,000 liters (40,000 gallens).
Estimates were made of nationwide, annual HC emissions from the
tanks. A complementary task involved compiling economic cost in-
formation about the installation of internal floating-roofs in
fixed-roof tanks.

2.1 HYDROCARBON EMISSION ESTIMATES

Hydrocarbon emission estimates were made for external and in-
ternal floating-roof tanks and fixed-roof tanks. The emphasis of
the project was placed on estimating the annual HC emissions from
tanks associated with refining, distributing, and marketing of
petroleum liquids (tanks located at refineries, at terminals, at-
tank farms, and along pipelines). Tanks located at oil production
facilities were not included in the project. When information about
tanks located at petrochemical, power, or industrial plants was
readily available, the tanks were included in the emission estimates.
However, compiling data about tanks located at these facilities re-
ceived secondary priority with respect to meeting the project ob-
Jjectives.

The specific objectives of the project were:

1. To estimate the number of existing floating-roof tanks

and fixed-roof tanks having capacities greater than
157,000 liters.

2. To estimate the current, annual HC emissions from the
existing floating-roof tanks and fixed-roof tanks.

2-1



3. To estimate the annual HC emissions rrom the existing
fixed-roof tanks assuming an alternative emission control
strategy requiring all existing fixed-roof tanks storing
petroleum Tiquids having a true vapor pressure greater
than 10.5 kilopascals (kPa) (1.52 psia) be retrofitted
with internal floating-roofs.

4. To project annual HC emissions from fleoating-roof and
fixed-roof tanks for the years 1980 and 1985 assuming
current emission control strategy requiring all new -
tank construction meet Mew Source Performance Standards.

[AS)
| )

5. To project annual HC emissions from floating-roof and
fixed-roof tanks for the years 1980 and 1985 assuming
an alternative emission control strategy requiring all
new tank construction meed New Sourcs Performance
Standards and all existing fixed-roof tanks storing pet-
roleum 1iquids having a vapor pressure greater than
10.5 kPa be retrofitted with internal floating roofs.

Use of alternative control systems such as vapor recavery systams znd

double seals on external floating-rocf tanks was beyond the scope of
this project.

The methgdology used Tor the HC emissicn estimatas is outlined in
Chaptar 3. The annual HC emissicn estimates are presentad in
Chapter 4.

2.2 TANK COST DATA

The purpose of this task was to compile econemic cost information
on the installation of intarnal fioating-rcofs in fixed-roof tanks.
No evaluation of cost effectiveness was made. Chactar 3 prssgents the
cost data.



3.0 EMISSION ESTIMATE METHODOLOGY

Estimation of the number of tanks in the United States and,
subsequently, the annual HC emissions from these tanks was per-
formed in five stages. Figure 3-1 outlines the estimation
procedures. The methodology used for each stage of the procedure
is summarized in Sections 3.1 through 3.5. A detailed description
of the calculations upon which the emission estimates were based
is presented in Appendix A. Section 3.6 discusses the applica-
bility of the equations used for the emission calculations.

3.1 TANK DATA COMPILATION

The first stage of the estimation procedure involved collect-
ing data for individual tank locations about the tank design
characteristics, the properties of the stored petroieum liquid,
and the tank operations. To determine the availability of exist-
ing tank data, inquiries were made to Federal agencies, air
potlution requlatory agencies, tank vendors, and tank owners.
State and local air pollution regulatory agencies proved to be
the best sourcas of individual tank data for meeting the study
objectives. Supplemental tank data was obtained from the U.S.
Environmental Protection Agency (EPA).

The minimum information required about a specific tank
Tocation for the tank to be included in the individual tank datza
base was:

1. Type of tank
2. Capacity of tank
3. Type of petroleum Tiquid stored in tank

Additional information about the tank design, tank operations,
and stored petroleum ligquid properties was ccmpiled when available
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Compilation of tank data for individual tank
locations

y

Sorting of compiled tank data and calculation of
HC emissions for each tank location

|

Approximation of number of tanks and HC emissions
for tank facilities absent from individual tank
data base

Summation of results for individual tank data base
plus tank approximations to obtain total estimates
for the year 1976

|

Projection of the 1876 %fank number and HC emissicn
estimates to the years 1980 and 1985

1

igurs 3-1. Emission Zstimate Methodology




for a specific tank location. Approximately 25,000 tank locations
were listed in the compiled tank data base.

3.2 TANK DATA PROCESSING

Processing of the individual tank data comprised sorting the
data by various classification schemes and calculation of the
annual HC emissions from each tank location. To facilitate the
data processing, the data for individual tank locations were
sorted by state and coded for storage and retrieval from computer
data files. Computer programs were used to tabulate the data and
perform all emission calculations.

3.2.1 TANK DATA TABULATIONS

The individual tank data were sorted by geographic regions,
industry sector location, and the volatility of the stored petroleum
ligquid. Petroleum Administration for Defense (PAD) Districts were
used to tabulate the data by geographic regions (see Figure 3-2).
The industry sectors selected to classify the data reflect the
project emphasis on tanks Jocated at petroleum refining, distribution,
and storage facilities. These sectors are defined in Tabie 3-1.
Tabulations of the data by petroleum liquid volatility was accom-
plished using vapor pressure ranges provided by the EPA (refer to
Table 3-1). The distributions of the compiled individual tank
data by the classification schemes are summarized in Appendix 8.

3.2.2 EMISSION CALCULATIONS

Annual HC emissions were calculated for each tank listed in
the 25,000 tank data base. The results were summed for direct
input into the total emission estimatas and averaged to develop
tank emission factors. These factors were used to approximate
HC emissicons at tank locations not listed in the tank data files.
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Table 3.1. TAMK DATA CLASSIFICATION CATEGORIES

INDUSTRY SECTOR CATEGORIES

Industry Sector Definition
Refinery Refinery location including all tanks

used for petroleum liquid storage,
processing, and distribution

Terminal Facilities independent of refineries
used primarily for receiving and
distributing petroleum liquids

Tank Farm Facilities independent of refineries
used primarily for storace of
petroleum liquids

Pipeline Pipeline pumping stations
Other Petrochemical, power, and industrial
plants

PETROLEUM LIQUID VOLATILITY CATEGORIES

Volatility Class True Vapor Prassure Range
(kilopascals) (psia)
1 0 to 3.5 0 to 0.51
2 3.5 to 10.5 0.51 to 1.82
3 10.5 to 35.5 1.52 to 5.0
4 35.5 to 62.7 5.0 to 9.1
5 62.7 to 76.5 9.1 to 111



The emission calculations were performed using the emission
equations described in the ZPA document, Compilation of Air Pol-
lution Emission Factors (AP-42)[1] (see Appendix C). Three types
of input parameters were required for the emission eguations.

1. Meteorological parameters
2. Tank design parameters
3. Petroleum liquid property parameters

Annual average meteorological conditions were used to calcu-
Tate annual HC emissions. Also, emissions were calculated for
winter and summer conditions using, respectively, January and
July monthly average meteorsological conditions. To account or
the variation of meteorological conditions throughout the United
States, the country was divided into 121 meteorological districts.
The district boundaries were selected so that the general meteor-
ology of each district was characterized by data recorded in the
district. The emission calculations were performed using the
meteorological data corresponding to the district in which a spe-
cific tank was located.

Input for the tank design and petroleum }iquid property para-
meters were obtained from the data compiled about each tank lo-
cation. If information for a particular parametsr was missing,

a value “or the parameter was assumed in order %0 allow zhe calcu-
Tations to be completad. The assumptions used for the tank de-
sign parameters were tased on tank design trends idenzified freom
data Tisted in the tank da%ta files. Properties tabulated in AP-42
were used wnen an assumed value for a petroleum liquid property
was required.

SMISSION APPRCAXIMATIONS

)
)

Tabulation of the calculated amissions “or the individual



tank data provided an estimate of the annual HC emissions for
many but not all refinery, terminal, tank farm, pipeline, and
other tank locations throughout the United States. Consequently,
a method was devised to approximate the number of tanks and tank
emissions for refinery and pipeline pumping station locations not
1isted in the tank data files. Approximations of the total num-
ber of terminal tanks in each state were used to suppliement the
individual tank calculation results. No approximations were made
for tank farm, petrochemical plant, power plant, or industrial
plant locations not listed in the tank data files.

3.3.1 REFINERY EMISSION APPRQOXIMATIONS

Refinery locations not listed in the tank data file were
identified using the annual 0il and Gas Journal refining sur-

vey . The number of tanks at these refinery locations were ap-
proximated on the basis of the rated crude oil refining capacity
(expressed as barrels per day). From the tabulated individual
tank data, tank factors were developed expressing the average
number of refinervy floating-roof and fixed-roof tanks per 1000
bbi/day refining capacity. Multiplication of the refining cap-
acities times the tank factors yielded approximations of the num-
ber of tanks. Annual HC emissions from the tanks were approxi-
mated by multiplying the number of tanks by tank emission factors.
These factors expressed the average annual HC emissions from re-
finery tanks. Separate tank factors and tank emission factors
were used for each PAD District to reflect regional variations in
refinery operations.

3.3.2 PUMPING STATION EMISSICN APPROXIMATIONS

The number of pipeline pumping stations located in each PAD
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District which were not listed in the tank data files was deter-
mined using pipline maps. Approximations of the number of tanks
at these stations were made using a factor of two tanks per pump-
ing station. Tanks located at crude oil pumping stations were
arbitrarily designated fixed-roof tanks, and tanks locatad at re-
fined product pumping stations were designated floating-roof
tanks. Emissions from the tanks were approximatad using the tank
emission factors developed for refinery locations.

3.3.3 TERMINAL EMISSION APPROXIMATIONS

No surveys or maps were avajlable that allowed identifica-
tion of the terminal locations not Tisted in the tank data files.
Therefore, the total numbers of tanks located at terminals in
each state were approximated based on the state pooulations.
This was accomplished using tank factors expressing the averace
number of terminal floating-roof and fixed-roof tanks per 1000 popula-
tion. The difference between the approximated total number of terminal
tanks and the number of terminal tanks listed in the tank data
files indicated the number of additional tanks for which HC emis-
sion aporoximations were t0 be made. Annual RC emissions wers
then approximated by multiplying the number of tanks by tank emis-
sion factors. These factors expressed the average annual HC
emissions from tarminal tanks. To reflect resgional variations
in terminal cperations, separate tank factors and tank emission
factors were developed for each PAD District.

3.4 1876 EMISSION ESTIMATES

A distribution of the total estimates of tank numbers and
annual HAC emissions for the year 1976 were reguired by industry
sector, petroleum liquid volatility, and petroleum iicuia type.



Tabulations of tank numbers and annual HC emissions from the tank
data files were made for all three classification groups. How-
ever, approximations of tank numbers and annual HC emissions for
tank locations not listed in the tank data files were made only
by industry sector. To estimate total tank numbers and annual

HC emissions, the results of the data file tabulations and the
tank approximations were summed by industry sector. These total
values were subsequently redistributed by petroleum liquid vola-
tility and type assuming the same distribution ratios exhibited
by the tank data file tabulations shown in Appendix B.

Installing internal floating roofs is one method available
to control HC emissions from fixed-roof tanks. The annual HC emis-
sions for the year 1976 were also estimated assuming the retro-
fit of internal floating roofs in the fixed-roof tanks storing
petroleum 1iquids having a vapor pressure greater than 10.5 kPa
(1.52 psia). Annual HC emission calculations were repeated for
each fixed-roof tank listed in the tank data files. The emission
equations recommended in AP-42 for internal floating-roof tanks
were used. Estimates of total emissions were obtained by summing
the calculation results and ratioing the values upward by factors
of total estimated to tabulated numbers of tanks.

3.5 1980 AND 1985 EMISSIQON PROJECTIONS

Future petroleum storage tank HC emissions will depend on *he
number of new tanks constructed in the United States as well as <=he
type of emission controls installed on new and existing tanks. Both
factors were considered for the 1980 and 1985 emission projections.

3-9



3.5.1 PROJECTED NUMBER QOF TANKS

Projections of the total numbers of tanks for the years 1980
and 1985 were made by linear extrapolation of the 1976 estimated
tank numbers. A ratio of future to current domestic refining capa-
city was used to project upward the 1976 values estimated by vola-
tility class and PAD District. The rational for using this ratio
is discussed in Appendix A. Projections of the 1980 refining capa-
city were made by totaling announced refinery expansion and new
construction plans. The 1985 refining capacity was projected using
an annual growth rate of 2.4%,

The projected tank numbers determined by linear extrapolation
of the 1976 values assume the current distribution of the tank num-
bers by tank type. However, the New Source Performance Standards
(NSPS) recuire all new tanks storing petroleum liguids having a
volatility greater than 10.5 kPa (1.52 psia) to be of floating-roof

design or have a vapor recovery system.[ZI

Consequently, the pro-
jected numbers of tanks for 1980 and 1985 were re-distributad by

tank type to comply with NSPS. This was accomplished by counting

311 new tanks projectad for volatility classes 3, 4, and 5 as eaxtern-

-

al floating-roof tanks.

3.5.2 PROJECTED zMISSIONS

Projections of zank emissions for 1980 and 1985 were made by
iinear extrapolation of the 1976 sstimated HC emissions. A ratio
of future to current estimated numbers cf tanks was used to projec:
upward the 1976 emission values listed by volatility class and PAD
Oistrict.

(98]
)
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3.6 APPLICABILITY OF EMISSION EQUATIONS

Calculations of annual HC emissions from petroleum storage tanks
were performed using the equations described in AP-42. These equa-
tions were derived from empirical correlations developed by the Amer-

4
ican Petroleum Institute (API) for external floating-roof tanks,[')

internal floating-roof tanks,[S] and fixed-roof tanks.[G] The corre-
lations were originally developed to estimate 1iguid volume evapor-

ation losses from tanks storing gasoline and crude oil.

Although based non test data for gasoline and crude 0il storage,
the fixed-roof tank equations may be used for all refined products

and intermediate refinery stocks.[é]

The floating-roof tank equa-
tions are applicable to external and internal floating-roof tanks
storing petroleum liquids in the true vapor pressure range of 13.8
kPa (2 psia) to 75.8 kPa (11 psia).[4} There is no basis for apply-
ing the equations to floating-roof tanks storing fuel oils or other
Tow vapor pressure petroleum liquids. Hcwever, because no alterna-
tive relationships were available, the AP-42 equations were used to
estimate annual HC emissions from the floating-roof tanks placed in

volatility classes 1 and 2.

The API egquations used to develop the AP-42 squations were
based on test data measured primarily during the late 1930's and
early 194Q's. Field and experimental studies are currently deing
conducted to re-examine the parameters affecting HC emissions From

petroleum storage tanks. Cnicago 3ridge and Iron Company

(CBI) constructed a pilet scale tank to investigate HC emis-

sions from external floating-roof tanks. Under sponsorship

of Standard 0il Company (Ohio) and the Western Qi1 and Gas Associa-
tion (WOGA), comprehensive studies have been conducted using the
tast tank to stud¥ the performance of different external flcating-

7,8]

roof seal types. °© Field studies have aliso been sponsored Dy



WOGA to measure HC emissions from floating-roof and fixed-roof
tanks located in California. [9.10] These studies compared the
measured amissions to quantities estimated using the AP-42 egua-
tions. Results from the various studies suggest that under certain
conditions the AP-42 equations significantly overestimate HC
emissions from fioating-roof and fixed-roof tanks. However, inter-
pretation of these results with respect to revising the AP-42
equations was beyond the scope of this project.

The API has initiated a project to update its technical bulle-
tins on methods of estimating HC losses from external and internal
floating roof tanks, scheduled for completion in early 1979. (l
A similar project is planned for fixed-roof tanks. Until the re-
vised API bulletins become available, the AP-42 equaticns remain
a ccnservative but the best available method for estimating HC
emissiaon from petroleum storage tanks.

w
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4.0 EMISSION ESTIMATE RESULTS

Annual HC emissions from floating-rcof tanks and fixed-roof
tanks were estimated for the years 1976 and then projected to
the years 1980 and 1985. A1l of the emission estimates presented
in this chapter were made using annual average meteorological con-
ditions. Emission estimates for the year 1976, using January and
July meteorological conditions, are shown in Appendix D.

4.1 1976 ANNUAL HYDRQCARBON EMISSIONS

4.1.1 ESTIMATED NUMBER OF TANKS

For the year 1976, there were estimated to be 37,600 floating-
roof and fixed-roof tanks having capacities greater than 151,000
liters located at refinery, terminal, tank farm, and pipeline
facilities. An additional 2,300 tanks were counted at other
locations. The distribution of the estimated numbers of floating-
roof and fixed-roof tanks by industry sectors is shewn in Table
4-1.

The distribution of the estimated tank numbers by petrolieum
1iquid volatility and type are presented in Tables 4-2 and 4-3.
The tables show both floating-roof tanks and fixed-roof tanks
stored all types of petroleum Tiguids. However, floating-roof
tanks were used primarily for storage of high volatility petroleum
liquids. Approximately one-nalf of the total estimated number ofT
floating-roof tanks stored gascline. The majority of fixed-roof
tanks were used for storage of petroleum liquids having vapor
pressures less then 10.5 kPa (volatility classes 1 and 2).

The overall ratio of the estimated fixed-roof tank numbers
to floating-roof tank numbers was about 2 to 1. However, one
should not assume that the total fixed-roof tank storage capacity



was twice the storage capacity for floating-roof tanks. The
tank capacities listed in the tank data files were tabulated.
These results showed that total floating-roof tank capacity
was approximately equal to the total fixed-roof tank capacity
(refer to Appendix 8, Tables 8-4, B-5, and B8-6).

4.1.2 CURRENT EMISSION CONTRCL STRATEGY

Annual HC emissions from floating-roof and fixed-roof tanks
located at refinery, terminal, tank farm, and pipeline facili-
ties were estimated to total 8.1 x 108 kilograms per year (kg/yr).
(One kilogram equals 2.2 pounds). Emission estimates for tanks
located at other facilities contributed an additional 0.2 x 108
kg/yr. The distribution of the estimated annual HC emissions by
industry sector, petroleum liquid volatility, and petroleum
Tiquid type are presentad in Tables 4-4 through 4-8.

Appraoximately 17 percent of the total annual HC emissions
were estimated to be emitted from external and internal floating-
roof tanks. The remaining 83 percent of the total estimated
emissions were emittad from fixed-roof tanks. For both tank
types, the majority of the HC emissions were emitted from tanks
storing gasaline and crude ail.

4.1.3 ALTERNATIVE ZMISSION CONTROL STRATZGY

Installing internal floating-raofs is one metnod available
to control HC emissions from Tixed-roof tanks. For the year
1976, annual HC emissions were also estimated assuming the retro-
fit of internal floating roofs in the fixed-roof tanks storing
setroieum licuids having 2 vapor pressurse greatar than 10.3 P2
(1.52 psia). Table 4-7 presents the annual HC emission astimatss
for this contral strateqy. Total annual HC emissions from
floating-roof tanks remained unchanged. However, the totai fixed-
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roof tank emission estimates were reduced by 77 percent from
5.9 x 10% kg/yr to 1.6 x 10% kg/yr.

4.2 1980 AND 1985 ANNUAL HYDROCARBON EMISSIONS

4.2.1 CURRENT EMISSION CONTROL STRATEGY

The New Source Performance Standards require all new tanks
storing petroleum 1iquids which have a volatility greater than
10.5 kPa to be of floating-roof design or have a vapor recovery
system.tz] Projections of the numbers of tanks for the years
1980 and 1985 were made assuming all new tanks projected for
volatility classes 3, 4, and 5 would be of external floating-
roof design. For the year 1980, it was projected that there will
be 16,900 floating-roof tanks and 29,000 fixed-roof tanks. The
1985 numbers of floating-roof tanks and fixed-roof tanks were
projected to increase to, respectively, 19,700 tanks and 31,500
tanks. Tables 4-8 and 4-9 show the distribution of the tank
number projections by volatility classes.

Total annual HC emissions from floating-roof and fixed-roof
tanks for the year 1980 were projected to be 3.8 x 10° kg/yr.
For the year 1935, the total emission projections increased to
9.3 x 10% xg/yr. The distributions of the 1980 and 1985 pro-
jected annual HC emissions by volatility classes are presentad
in Tables 4-10 and 4-11.

4.2.2 ALTERNATIVE EMISSION CONTROL STRATEGY

Annual HC emissions were also projected for the years 13980
and 1985 assuming an alternative emission control strategy. For
this strategy, it was assumed all new tanks would comply with
the New Source Performance Standards and existing fixed-roof %Zanks
storing petroleum liquids in volatility classes 3,4, and 5 wouid bde
retrofitted with internal floating roofs.
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The projected annual HC emissions for the years 1980 and
1985 are shown in Tables 4-12 and 4-13. Using the alternative emis-
sion control strategy assumption, projected total 1980 annual HC
emissions were reducad to 3.5 x 108 kg/yr. Similarly, the projected
annual HC emissions for the year 1985 decreased to 4.0 x 108 kg/yr.
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Table 4-1. 1976 TAIIK NUMBER ESTI'IATES BY IiIDUSTRY SECTOR

FLOATTINSG R 0 0 F T AN K S
INDUSTRY SECTOR |
PAD TOTAL
DISTRICT | Refinery| Terminal| Tank Farmj Pipeline! Other
1 595 2,142 122 368 37 3,264
2 1,266 1,845 93 868 214 4,286
3 2,118 663 202 532 20 3,535
| 4 277 147 17 94 0 523
i 5 1,226 616 151 170 37 2,200
é TOTAL| 5,482 5,407 579 2,032 308 | 13,308 |
? gxternal and internal floating-roof tanks
F 1 X ED R 0 0 F T A N K S
INDUSTRY SECTOR E |
PAD [ ; | TOTAL|
DISTRICT | Refinery | Terminal | Tank Farm' Pipeline! Other ! !
R 1,610 | 4,1M 83 98 I 8,213
2 3,354 2,061 98 995 | 1,084 ] 7,572 f
3 4,550 908 228 1,152 269 [ BV
A" 525 144 i 322 1noo1,013
5 2,475 849 326 167 | 386 | 2,172
TOTAL]| 12,525 i 3,073 746 2,724 E 2,011 | 25,089




Table 4-2.

1976 TANK NUMBER ESTIMATES BY VOLATILITY CLASS

FLOATTIN RO OF T ANKS
VO LATIULITY CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5
1 259 248 | 1,753 938 66 3,264
2 453 336 | 2,794 648 55 4,236
3 662 244 | 1,330 1,221 78 3,535
4 32 38 397 56 0 523
5 424 444 819 494 19 2,200 |
rotal 1,830 | 1,310 | 7,003 | 3,357 | 218 | 13,808 |
® txternzl and internmal floating-roof tanks
FIXED ROOF T ANGKS
| VoL AT ILITY CLASS | |
| P AD | | ' TOTAL
DISTRICT L 1| 2 3 4 \ 5 | @
1] 387 | 985 | 1,38 237 19 ¢ 6,213
2 | 4380 788 | 2,081 ¥} R |21 7,572
3 4,659 81 | 1,464 606 A LT A
o 688 142 157 26 R I
s | 2o 12 833 1 185 2 4078
TOTAL 15,16 | 3,38 | 5,380 | 1,396 | i | 25,089
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Table 4-3. 1976 TANK NUMBER ESTIMATES BY PETROLEUM LIQUID TYPE

— -
TANK TYpe |
J
PETROLEUM LIQUID TYPE Floating Fixed |
Roofa Roof
Crude o011 2,212 2,223
Gasoline 7,119 3,755
Diesel fuel 248 1,213
Jet fuel, kerosene 265 1,031
Jet fuel, JP-4 515 822
Distillate Fuel 0i1° 882 5,327
Residual fuel oil€ 160 1,543
Naphtha 474 453 |
l Alkylate 101 | 68
{ Medium vapor pressure stocksd 844 2,175 1
Low vapor pressure stocks® 326 | 5,439 |
Benzene 246 f 82
Other’ | 218 | 1,958
TOTAL | s | 25,089
| |

External and internal floating-roof tanks

Fuel oil grades 1, 2, 3

Fuel o0il grades 4, 5, 6

Petroleum liquid vapor pressuyre greater than 3.4 kPa (.5 osia)
Petroleum liquid vapor pressure less than 3.4 kPa (.3 nsia)

Unidentified refined petroleum liquids
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TABLE 4-4,

1976 ANNUAL HC

-
[
-

MISSION ESTIMATES 8Y INDUSTRY SECTOR

i
t

(units: 1000 kg/yrl
FLOATTINSG R 0 0 F T AN k S°
INDUSTRY SECTOR
|
PAD TOTAL
DISTRICT | Refinery| Terminal| Tank Farm{ Pipeline; OQther
1 7,547 | 19,340 1,743 3,950 174 32,754
2 14,367 | 17,261 894 9,746 | 1,120 43,388
3 23,739 9,959 3,054 6,319 232 43,303
4 1,630 684 77 587 Q 2,978
5 12,300 5,204 870 1,228 39 19,641
TOTAL| 59,583 | 52,448 | 6,638 | 21,830 | 1,565 | 142,064
? cxternal and internal floating-roof tanks
F I X E D R 00 F T AN K S
? | INDUSTRY SECTOR | |
. PAD | | | ; ToTaALl
' DISTRICT | Refinery TerminaT% Tank Farm| Pipeline! Other | i
S 43,780 | 78,630 | 17,305 1,079 } 1,880 | 142,503 |
2 125,836 ; 53,566 3,713 25,206 111,047 | 220,463 |
|
3 131,496 | 20,276 5,028 37,549 | 2,046 | 106,395 |
4 6,907 | 1,985 20 3,777 163 12,852 |
5 | 49,313 | 47,371 4,485 12,080 | 4,533 | 117,352
T OTALI37,732 201,348 31,08 7,701 119,738 © 330,170




Table 4-5,

1976 ANNUAL HC EMISSION ESTIMATES BY VOLATILITY CLASS

(units: 1000 kg/yr)
FLOATTIN R 00 F T AN K S
l :
{ VOLATILITY €CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5
1 121 756 | 15,992 | 13,966 | 1,919 32,754
2 247 | 1,658 | 26,361 | 13,499 | 1,623 43,388
3 1,124 | 1,087 | 13,189 | 24,061 3,842 43,303
4 36 151 | 2,180 611 0 2,978
5| 474 | 1,368 | 6,45 | 9,37 | 2,016 19,641
| TOTAL 2,002 | 5,00 | 6,178 | 61,460 | 9,400 | 142,064 ;
¢ gxternal and internal Toating-roof tanks
FI1XED0 ROGCF T ANK:S
| VO LATILITY CLASS | |
PAD | 3 TTOTAL
DISTRICT 1 2 3 & s |
1 5,108 | 22,144 | 97,737 | 15,174 | 2,440 ! 142,503 |
2 | 4,083 | 18,895 |153,536 | 42,385 | 1,569 | 220,468 |
3 21,042 | 10,609 | 97,254 | 63,914 | 3,776 | 196,385 i
4 521 1,505 9,928 898 0 | 12,352
5 | 3,416 | 45,83¢ | 47,861 | 12,536 | 8,388 7,852
| TOTAL| 36,170 | 98,787 406,116 |134,927 [16,70 | 690,170
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Table 4-6. 1976 ANNUAL HC EMISSION ESTIMATES
8Y PETROLEUM LIQUID TYPE

(units: 1000 ka/yr)
TANK TYPE]

PETROLEUM LIQUID TYPE Floating Fixed

Roofa Roof

Crude 0] 23,719 171,520

Gasoline 97,389 335,322

Diesel fuel an 3,374

Jet fuel, kerosene 470 5,188

Jet fuel, JP-4 2,059 18,428

Distillate Fuel 0i1® 2,073 17,881

| Residual fue! 0il1® 187 1,377

Naphtha 1,936 13,359

| Alkylate 1,237 2,533

Medium vapor pressure stocksd 4,251 53,269

. Low vapor oressure stocks® 738 7,847

| 3enzene 1,026 1,220

Other’ 3,498 13,392

} TOTAL 142,064 530,170

|

a

Fuel oil grades 1, 2, 3

Fuel oil grades 4, 5, 6

-

txtarnal and internal floating-roof tanks

Unidentified refined petroleum liquids

Petrgleum 1iquid vapor pressure greatar than 3.4 kPa (.5 psia)

Perroleum liquid vapor pressure less than 3.4 kPa (.5 psia)



Table 4-7.
ALTERNATIVE EMISSION CONTROL STRATEGY

1976 ANNUAL HC EMISSION ESTIMATES ASSUMING

(units: 1000 kg/yr)
F LOATTINSG R 0 0 F AN Kk s®
| VOLATILITY CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5
1 121 756 | 15,992 | 13,966 1,919 32,754
2 247 1,658 | 26,361 | 13,499 1,623 43,388
3 1,124 1,087 | 13,189 | 24,061 3,842 43,303
4 36 157 2,180 611 0 2,978
| 5 474 1,368 6,456 3,327 2,016 19,641
| ToTal 2,002 | 5,020 | 6,178 { 51,454 | 9,400 | 142,064 |
% £xternal and internal floating-roof tanks
F I X E D R 0 0 F T A K S
| vV OLATILITY ¢ s s E
PAD | TOTAL |
DISTRICT 1 2 3 ¢ 5 | |
_ ! !
1 5,108 22,144 4,786 1,435 148 % 33,621
2 4,083 | 18,395 6,728 1,808 18Q | 31,884
!
3 21,042 | 10,409 | 3,858 | 3,149 185 i BG4
4 521 1,505 322 47 0 | 2,385
s 3,416 | 45,33¢ | 2,040 | 1,236 lea | 52,720
TOTAL| 34,170 | 98,787 | 17,735 7,675 707 1159,074




Table 4-8.

1980 TANK NUMBER PROJECTIONS ASSUMING

CURRENT EMISSION CONTROL STRATEGY

FLOATING ROOF T ANGKSS
| VOLATILITY €CLASS.!
PAD TOTAL
DISTRICT 1 2 3 4 5
o 368 32 | 3,037 | 1,832 102 5,291
| 2 456 338 | 2,83 656 55 4,336
| 3 745 274 | 1,677 | 1,449 k] 4,234
e 32 38 397 56 0 523
§ 5 463 | 485 964 556 | 21 2,489
[
ToTaAL 2,064 | 1,488 | 8,905 | 4,149 267 16,373 |
? gxtarnal and internal floating-roof tanks
FI1XE0 ROOF TANKS
| VO LATILITY CLASS | |
| PAD | | (TOTAL
| OISTRICT |1 ] 2 3 4 5 |
Cv D osee ) n,3ss | 1,309 237 | 19 8,166
2 | e382 | 794 | 2,08 332 AN A D
| 3 5,240 428 1,464 606 7,745 |
B 628 142 157 25 RV
s 2,092 1 1,216 333 195 ! 4,03
CToTaAL 17,751 | 3,93 | 5,860 | 1,396 19 | 28,372




Table 4-9

1985 TANK NUMBER PROJECTIONS ASSUMING
CURRENT EMISSION CONTROL STRATEGY

FLOATTINSG R 0 0 F T AN kK S°
VOLATILITY €CLASS. !
PAD T TOTAL
DISTRICT 1 2 3 4 5

1 406 389 3,488 1,604 114 6,001

2 531 394 3,630 816 | 89 5,440

3 787 290 1,856 1,565 94 4,592

4 37 44 492 70 0 643
5 533 558 1,233 669 24 3,017
TOTAL 2,204 | 1,675 | 10,699 | 4,724 | 301 | 19,693 !

? £xternal and internal floating-roecf tanks
F I X E D R 00 F T NOK S

! VO LATILITY CLASS | |
PAD | | i i TOTAL,
| DISTRICT A 2 3 4 - | |

1 5,792 | 1,496 | 1,305 237 | 13 a8
2 5,096 923 2,081 332 12 B WL
3 5,538 453 1,464 606 ‘ 7 i 8,068 |
4 807 166 157 26 | 0 | 1,156 |

8 2,518 | 1,397 | 333 195 |2 4,945

(TOTAL 19,75 | 1,435 | 3,340 1,396 ! 49 31,470




Table 4-1Q

1980 ANNUAL HC EMISSION PROJECTIONS ASSUMING
CURRENT EMISSION CONTROL STRATEGY

(units: 1000 kg/yr)
FLOATTIN ROOF T ANKS
VOLATILITY CLASS
PAD T T TOTAL
DISTRICT 1 2 3 4 5
1 172 | 1,073 | 27,698 | 21,326 | 2,965 53,23¢
2 249 | 1,673 | 26,701 | 13,666 | 1,523 43,912
3 1,265 | 1,221 | 16,631 | 28,561 | 4,384 52,062
4 36 151 | 2,180 611 Q 2,978
5 518 | 1,494 | 7,599 | 10,503 | 2,228 22,342
ToTAl 2,200 | 5,612 | 80,808 | 74,687 | 11,200 | 174,528
@ £xternal and internal floating-roof tanks
FIXED ROOF T ANGKS
| lvoLaTIULITY CLASS | |
| PAD | | = ToTAL
LOISTRICT | 1 2 3 4 5 : ‘
1 7,283 | 3t,eas | 97,737 |1s,178 | 2,440 (iS04
L2 ¢,113 | 19,030 |153,536 | 42,385 | 1,363 | 220,662
! ! i
L3 23,672 | 11,80 | 97,254 | 63,314 | 3,776 | 200,308
4 521 | 1,505 | 9,928 838 0| r2gs
- 3,703 | ag,68 | 47,867 | 12,35 | 3,385 | 121,382 |
CToTaLl 39,282 (113,362 (406,116 |134,327 16,170 709,337




Table 4-11. 1985 ANNUAL HC EMISSION PROJECTIONS ASSUMING
CURRENT EMISSION CONTROL STRATEGY
(units: 1,000 kg/yr)

FLOATTING R 0 Q F T AN k S

vV O L AT I LI T Y C L A S S
PAD o TOTAL
DISTRICT 1 2 3 4 5
] 190 1,185| 31,824 23,882 3,314 60,395
2 290 1,944 | 34,249 16,999 2,036 55,518
3 1,337 1,293| 18,399 30,847 4,630 56,506
4 42 1751 2,701 764 0 3,682
L 5 596 1,7200 9,717 12,629 2,547 27,209
| "
TOTAL 2,85 6,317] 96,890 85,121 { 12,527 203,310

? £xternal and internal floating-rocf tanks

FI X E D R 0 0 F T AN K S

VOLATILITY CLASS | |
PAD | | I TOTAL |
DISTRICT 1 2 3 4 5
1 8,005 | 34,700 | 97,737 | 15,174 | 2,380 | 153,056 |
2 4,784 | 22,132|153,536 | 42,385 | 1,569 | 224,206 E
3 25,019 | 12,376| 97,258 | 63,914 | 3,776 | 202,33
4 611 1,759 | 9,928 898 0 13,196 |
5 1,253 | 57,064 | 47,661 | 12,356 | 8,385 | 129,919 |
| i % § ;
| TOTAL| 42,672 | 128,031 | 206,116 | 134,927 | 16,170 . 727,916




Table 4-12. 1980 ANNUAL HC EMISSION PROJECTIONS ASSUMING
ALTERNATIVE EMISSION CONTROL STRATEGY
(units: 1,000 kg/yr)

FLOATTING R OO0 F T ANKS?
vV OLATILITY €CLASS|
PAD T 1 TOTAL
DISTRICT 1 2 3 4 5
1 172 1,073 | 27,698 | 21,326 2,965 53,234
2 249 1,673 | 26,701 | 13,666 1,623 3912
3 1,265 1,221 | 16,631 | 28,361 4,384 | 32,062
| 4 36 151 2,180 611 0 2,978
| 5 518 1,494 | 7,599 | 10,503 2,228 22,342
(TOTAL 2,200 | 5,672 | 80,809 | 74,867 | 11,200 | 17,508

% £xternal and internal floating-rcaof tanks

F T X E D R 0 Q0 F T AN K S

PAO ‘ETOTA«
| DISTRICT | 1 2 3 4 5 |
1 | 7,253 31,444 4,786 1,435 143 | 45,083 :
2 4,113 19,039 6,728 1,308 180 1 31,868
3 23,672 11,690 3,859 3,149 185 | 42,535 |
4 521 1,505 322 47 0 ! 2,395 |
5 | 3,703 19,584 2,040 1,236 lea | 26,857
TOT AL 39,282 113,362 | 17,735 7,675 707 | 178,741 g
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Table 4-13.

ALTERNATIVE EMISSION CONTROL STRATEGY

1985 ANNUAL HC EMISSION PROJECTIONS ASSUMING

(units: 1000 kg/yr)
FLOATTINSG R 0 0 F T AN K S°
VOLATTILITY CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5
1 190 | 1,185 | 31,824 | 23,882 | 3,314 60,395
2 200 | 1.944 | 34,249 | 16,999 | 2,036 55,518
3 1,337 | 1,293 | 18,399 | 30,847 | 4,630 56,506
4 42 175 2,701 764 0 3,682
s 506 | 1,720 9,717 | 12,629 | 2,547 27,209 |
TOTAL 2,45 | 6,317 | 9,89 | 85,121 |12,527 |203,310 |
 £xternal and internal floating-roof tanks
F 1 XED ROOF T ANEK:S
| v OLATILITY CLASS | |
PAD TOTAL |
DISTRICT 1 2 3 4 5 j
1 3,005 | 34,700 4,786 | 1,435 148 49,074
2 4,784 | 22,132 6,728 1,808 180 | 35,632
3 25,019 | 12,376 3,859 | 3,149 185 44,588 |
4 611 1,759 322 47 0 2,739 |
5 1,255 | 57,064 | 2,040 | 1,236 194 54,787 |
ToTAL 42,672 128,031 | 17,73 | 7,675 | 707 196,320




5.0 TANK COST DATA

Economic cost data was compiled about erection of new tanks
and installation of internal floating roofs in fixed-roof tanks.
No evaluation of cost effectiveness was made. The prices for
tanks and internal floating roofs were quoted by vendors for
tank capacities expressed in units of barrels. For convenience,
the new tank erection costs and internal floating roof install-
ation costs are presented in this chapter by tank capacity ex-
pressed in units of barrels (one barrel equals 159 liters).

5.1 NEW TANK ERECTION COSTS

Total costs for erecting a new floating-roof or fixed-roof
tank at a specific location include material costs for the tank
shell and fittings, costs for preparing the tank foundation, and
labor costs. Tank foundation costs vary depending on the soil
type at the tank site. Labor costs vary according to the prevaii-
ing Tabor rates for an area.

New tank erection costs were obtained for three basic tank
types.

1. Fixed-roof tanks
2. External floating-roof tanks
3. Covered floating-roof tanks

These tank types are briefly described in Appendix C.
Additional background information concerning petroleum storage
tanks is available in the EPA document Air Pollution Engineering
Manual (Ap-40). 12

Table 5-1 presents new tank erection costs as guoted by two
major tank vendors[13’14]and an oil t:ompany.“6 These costs are

presented in units of doilars per barrel of tank capacity. The



table shows the cost per barrel decreases as the tank capacity
incresses. Also, the erection costs quoted by the tank vendors
are significantly lower than the cost estimates used by the c¢il
company. For a 100,000 barrel capacity fixed-roof tank, the

tank vendor costs are 10 percent to 25 percent lower than the

cost estimates used by the o0il company. Similarly, the vendor
costs for a 100,000 barrel capacity external floating-roof tank
are 4 percent to 23 percent below the oil company estimated costs.

5.2 INTERNAL FLOATING ROOF INSTALLATION COSTS

One of the most effective methods available to reduce HC
emissions from fixed-roof tanks is the installation of an inter-
nal floating-roof to cover the exposed liquid surface. There
are three basic types of internal floating-roofs:

1. Aluminum, pontoon type roofs
2. Steel, pan type roofs
3. Plastic, foam type rafts

Fixed-roof tanks with steel, pan type internal flcating
roofs are termed, "covered floating-roof tanks". If the intarnal
floating roofs are made of a nonferrous material, the %tank is
termed an "“internal floating cover tank".

The internal floating roof type most commoniy installed in
fixed-roof tanks today is the aluminum pontoon type. 7This type
of roof is preferred because of its stirength, light weight, and
low cost. Tne use of steel pan type roofTs has declined due to
the higher cast and problems with the roof sinking. Plastic foam
type rafts also are not widely used because of the possibility
of tne roof absording ligquid or inducing static sparking.

Instaliation costs for installing aluminum, pontocn type,
internal floating roofs in fixed-roof tanks were obtained from

(93]
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two vendors.[]6’17]

These costs are presented in Table 5-2. The
table shows the roofs are available for all fixed-roof tank
capacities. Prior to installation of the internal flocating roof,
the tank must be cleaned. The installation costs shown in

Table 35-2 do not include tark cleaning costs. These costs vary
depending on the condition of the tank and whether the work is

performed by & contractor or the tank owner.
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Table 5-1.

1977 NEW TANK ERECTION COSTS

Tank Yendor A

Fixed-Roof Tanks External Floating Covered Floating
Roof Tanks Roof Tanks
Capacity Costs? Capacity Costs? Capacity Costs®
(barrels)| (S per (barrels) | /3 per (barrels)| 'S oer
barrel) harrel) barrel)
5,000 7.89 20,000 6.75 8,700 8.08
10,000 5.60 25,000 6.20 11,000 7.27
15,000 .20 30,000 5.50 20,000 §.25
20,000 4.80 35,000 5.29 256,000 5.85
30,000 4.10 45,000 4.78 34,000 5.29
40,000 3.80 35,000 4.45 43,000 5.12
50,000 3.65 67,500 4.15 53,000 4.31
60,000 3.50 80,000 4.400 64,000 4.81
50,000 3.30 85,000 3.79 76,500 4.44
100,000 3.1% 100,Ca0 3.7% 20,000 4.28
120,000 3.08 110,000 3.64 104,000 4.16
160,000 2.95 120,300 3.54 120,000 14.74
220,300 2.20 130,000 3.46 135,300 3.98
150,000 3.33 171,000 3.89
170,000 3.24 207,000 3.83
220,000 3.10
270,000 3.00

“costs are “or Southern California and include costs
but do not include tank foundation costs.

3-4
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Table 5-1. 1977 NEW TANK ERECTION COSTS (CONTINUED)

Tank VYendar B8

Tank Tank Erection Costs? ($ per barrel)
Capacity
(barrels) | Fixed-roof |External Floating | Covered Floating
Roof Roof
1,000 21.50 b b
5,000 6.75 10.75 9.35
10,000 4.55 6.75 6.00
20,000 3.55 5.15 4.75
40,000 2.98 4.00 4.00
60,000 2.81 3.50 3.66
80,000 2.73 3.22 3.44
100,000 2.64 3.00 3.25
125,000 2.62 2.90 3.08
140,000 2.55 2.84 3.04
150,000 2.41 2.80 3.03
200,000 2.34 2.04 3.00
250,000 2.28 2.62 .2.98
300,000 2.2% 2.56 2.94
400,000 2.17 2.42 2.83

3 . : 1 3
“Costs are for Southern California but do not include costs for
fittings or the tank foundation.

Cost o7 fittings - Large tanks 1 to 4% of total cost,
small tanks - 5% of total cost.

bNot available in this size.
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Table 5-1. 1977 NEW TANK ERECTION COSTS (CONCLUDED)

. a
Nil1 Company

Tank Tank Erection Costs (S per barrel)
Capacity
(barrels) Fixed-Roof |External Floating |Covered Floating
Tanks Roof Tanks Roof Tanks
1,000 18.00 -- -
5,000 8.85 - --
10,000 7.00 11.50 2.30
20,000 5.50 8.0n0 7.00
40,000 -- 5.85 5.80
0,000 -- 5.22 --
100,000 3.50 3.90 4.25
200,000 3.25 3.30 3.79

3cost values used by a major oil company to estimate new tank
eraction costs.




Table 5-2. 17977 COSTS FOR INSTALLATION OF ALUMINUM
PONTOON TYPE INTERNAL FLOATING ROOFS

Vendor A
. Tank Capacity | Tank Diameter | Tank Height | Cost Installed?
(barrels) (feet) (feet) ($ per barrel)
1,000 18 20 5.44
5,000 34 30 1.57
10,000 42 40 0.91
20,000 60 490 0.61
43,000 g4 40 0.54
60,200 102 40 0.47
80,000 120 48 0.46
100,000 121 48 0.36
125,000 136 48 0.35
140,000 142 48 0.34
160,000 154 48 0.33
200,000 172 48 0.32
250,000 193 48 g.31
300,000 212 a8 0.31
400,000 244 48 0.29

dcosts are based on materials fabricated at the piant and include

the cost of installation with Boilermaker Craft Unicn cersonnel.
Costs do not include shipping charges, crew travel pay, or tank
cleaning costs.



Table 5-2. 1977 COSTS FOR INSTALLATION OF ALUMINUM
PONTOON TYPE INTERNAL FLOATING ROOFS (CONCLUDED)

Vendor 8
Tank Capacity | Tank Oiameter| Tank Height { Cost Installed®
(barrels) (feet) (feet) ($ per barrel)
4,000 30 30 1.38
$,000 | 40 40 0.71
14,000 50 40 0.58
20,000 60 40 0.52
27,500 70 40 0.52
38,000 80 4Q 0.45
55,000 100 40 0.42
73,000 110 40 0.39
80,300 120 40 0.37

aCosts ara for Southern California and do not include tank clean-
ing costs or sales tax.
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6.0 CONCLUSIONS

The primary goal of this project was tc estimate existing

annual HC emissions frem flcating-roof and fixed-roof tanks having
capacities greater than 151,000 liters anc located at refirery, term-
inal, tank farm , and pipeline facilities. To estimate emissions,
individual tank data were compiled for approximately 25,C0C tark lo-
cations throughcut the United States. The emissicr calculations were
rerformed using equaticns described in the EPA dccument Compilation
cf Air Pollutant Emissicn Factors. Results for the emission esti-

mates shoved:

1. For the year 1976, total annual HC emissions from floating-roof
tanks were on the order of 1.4 x 108 kg/yr.

2. For the year 1976, total annual HC emissions from fixed-roof
tanks were on the order of 6.9 x 108 kg/yr.

3. Assuming the retrcfit ¢f internal flcatirg rcofs ir the
existing fixed-rocf tanks stering petroleum liquids which
have a vaper pressure greater than 10.IZkP3, exicting total
annual HC emissions from fixed-roof tanks wculd be ¢n the
crder of 1.6 x 108 kg/vr.

The American Petroleum Institute is sponscring a oreciect to de-
velep nev methcas for estimatirg RC emissions from tanks. When these
methcds become available, 2 new set cf calculaticns can be gerformed
using the individual tank data base tc provide more accurzte cstimztes

cf HC emissions from fixed-roof and floating-roof tanks.
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APPENDIX A. EMISSION ESTIMATE METHODOLOGY

The estimation of the number of petroleum storage tanks
Tocated in the United States and, subsequently, the annual hydro-
carbon (HC) emissions from these tanks was performed in five
stages.

Compilation of data about individual tanks
Jocated throughout the United States.

Stage 1

Stage 2 - Tabulation of the individual tank data by
various classification schemes and calcula-
tion of annual HC emissions for each tank
location.

Stage 3 - Approximation of the numbers of tanks and HC
emissions for refinery, pipeline, and
terminal locations not included in the
individual tank data base.

Stage 4 - Summation of the results from Stage 2

and Stage 3 to obtain the 1976 HC
emission estimates.

Stage 5 - Projection of the 1976 HC emission
estimates to the years 1980 and 198S.
The following sections describe in detail the calculations
upon which the emission estimates are based, the aporoximations
of tank emissions at locations not included in the individual
tank data base, and the projections of 1980 and 1985 tank emissions.

A.1 EMISSION CALCULATIONS

Annual HC emissions weres calculatad for each tank listad in
the 25,000 tank data base. All computations were performed using



computer programs. The emission calculation results were summed
for direct input into the total emission estimates and averaged to
develop tank emissions factors. The emission factors, which will
be described in Section A.2, were used to approximate HC emissions
at tank locations not listed in the tank data files.

A.1.1 EMISSION EQUATIONS

The emission calculations were performed using the emission
equat1ons described in Section 4.3 of Supplement No. 7 for Compila-
tion of Air Pollutant Emission Factors (AP-42). (1] Section 4.3 from
AP-42 is reproduced in Appendix C. External floating-roof tank HC
emissions were calculated using the "standing storage loss" and

"withdrawal 10ss" equations. The same equations were used with a
wind speed of 1.8 m/s (4 mi/hr) for calculating the HC emissions
from internal floating-roof tanks. Fixed-roof tank HC emissions
were calculated using the "breathing loss" and "working loss"
aquations.

A.1.2 EMISSION EQUATION INPUT PARAMETERS
The emission equations required three types of input darametars:

1. Meteornlogical parameters
2. Tank design parameters
3. Petroleum liquid property parametaers

Meteorological data was assigned to each tank location. Tank
design and petroleum liquid property parametars for each tank loca-
tion were obtained from the information listed in the tank data
files. If information about a specific parametsr was absent from
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the tank data files a value for the parameter was assumed in order
to allow the calculations to be completed. Thus, annual HC emis-
sions were calculated for all tank locations listed in the tank
data files.

A.1.2.17 Meteorological Parameters

The emission equations required wind speed for the external
floating-roof tank equations and diurnal temperature variation for
the fixed-roof tank equations. Ambient temperature was used to
estimate bulk liquid storage temperature when it was not Tisted for
a specific tank location in the tank data files.

To account for variations of meteorological conditions that
occur throughout the United States, the country was divided into
meteorological districts. Meteorological data summaries were ob-
tained from the National Climatic Center, Asheville, North Carclina.
Each summary comprised a& tabulation of meteorolcgical data recorded
over a ten-year period at major metacrological stations. Using
these data, the country was divided into 121 meteorological dist-
ricts. The district boundaries were selected so that the data
recorded at the station characterized the general meteorology
throughout the district.

Each tank listed in the tank data files was assigned a code
number designating the meteoroleogical district in which the tank
was located. The emission calculations for the tank Tocation were
performed using the meteorological data corresponding to the code
number. Annual HC emissions were calculated for three different
sets of meteorclogical data:

1. Annual average data
2. Monthly average data for January
3. Monthly average data for July

A-3



Annual HC emissions using the January and July meteorological
data assumed the monthly conditions occur throughout the year.
The reason for including these calculations was to allow the
relative comparison of the annual HC emissions based on annual
average meteorological conditions with HC emissions for winter
and summer metsorological conditions.

A.1.2.2 Tank Design Parameters

Tank design parameters were required for the floating-roof
tank and fixed-roof tank emission equations. When information
about a tank design parameter was absent from the tank data files,
a value for the parameter was assumed. The assumptions used for
the calculations are presented in Table A-1. These assumptions
were selected by reviewing the data listed in the tank data files
and selecting values that were representative of the majority of
the tanks.

A.1.2.3 Petroleum Ligquid Propertvy Parametars

Information about the petroleum liquid true vapor pressure,
density, and vapor molecular weight were required for the emis-
sion calculations. Tnese properties can vary significantly
depending on the hydrocarbon composition of the petroleum Tiguids
as well as the temperature at which the ligquids are storesd.

Identifying progerties for different types of petroleum iiguid
oosad the greatest challenge to providing input values for the emis-
sion equations. For many tank locations listed in the tank data
files, no information was available about the petroieum liquid
oroperties. Consequently, assumpticns were made for the property
values in order to complefe “he amissicn calculations. Selacticn

of the assumotion values was complicated by the variaticn of the
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property values with temperature as well as the limited amount
of data available in the open literature about these properties.

A.1.2.3.1 Storage Temperature

When petroleum liquid storage temperature was not listed
in the tank data files for a specific tank location, the tempera-
ture was assumed to equal the average ambient temperature for the
meteorological district in which the tank was located. A storage
temperature of 277% (40°F) was assumed if the average ambient
temperature was less than 277%.

A.1.2.3.2 Vapor Pressure

The procedure used to input true vapor pressures (TVP) into
the emission equations is summarized in Table A-2. Reid vapor
pressures (RVP) wers first converted to approximate TVP values
pefore being input into the amission equations. When no vapor
pressure information about the petroleum liquid stored at a
specific tank location was available, a TVP value was assumed.
The assumptions used for different refined petroisum liguids ars

oresentad in Table A-3.

Crude 011 vapor prassureas vary over a wide range degending
on the crude o0il source. When necsssary to assume & crude o011
vapor pressure, RYP values for nypothetical crude 0ils were used.
The hypothetical crude 0ils represanted compositas of the major
crude o1l types refined in different regions of the United States.
The relative quantities of the major crude oils refined in each
region were obtained from refinery crude oil slates usad for a
study about the pezr
Little, Inc. (ADL).E
crude oils 1istad in each slate were obtained frem sublished

oleum refining industry completad by A. D.
27 . . s .
< Reid vapor pressures Tor the different
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data.[3’4] A hypothetical crude oil RVP was calculated for each
refinery region by first weighting the crude 0il RVP values on

the basis of the quantity of crude 0il refined. These values

were then averaged to obtain the nypothetical crude oil RVP. The
ADL study did not include refineries located in the Rocky Mountain
states. The crude oil RVP used for tank locations in this region
was assumed to be that of crude oil produced from Wyoming oil
fields. The crude oil RVP assumptions are presented in Table A-4.

The conversion of RVP to TVP is normally accomplished using
the nomographs prepared by API. Because of the large volume of
individual tank data compiled for the study, converting each RVP
value manually proved to be a very time consuming task. Conse-
quently, the conversion procedure was adapted to allow the computer
program to perform the conversions. The nrogram converted a given
RVP to an approximate TVP value by interpolating the TVP value
from a conversion table. The values tabulated in the table were
read from the API RVP-TVP conversicon nomographs (see AP-42 Fig-
ures 4.3-8 and 4.3-9 in Appendix C).

The RVP values were converted to TVP vaiues at a reference
petroleum 1iquid storage temperature of 289°K (GOOF). To account
for variations in TVP due to the storage of petroleum liquids at
temperatures other than 289°K, simplified relationships between
TVP and temperature were used. True vapor pressures for petro-
leum Tiquids having a TVP less than 6.9 kPa (7.0 psia) were not
adjusted for temperature variation. For these liquids the change
in TVP with temperature did not significantly alter the calculated
emission values. True vapor pressures for petroleum liquids, hav-
ing a TVP greater than 6.9 kPa were adjusted assuming TVP varied
linearly with storage temperature. Although the variation of TVYP
with temperature is actually logarithmic, the assumed relation-
ship provided a reasonable approximation of TVP over the general

A-3
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range of storage temperatures in floating-roof and fixed-roof
tanks (277°K (40°F) to 305°K (90°F)). The relationships used
for the emission calculations are presented in Table A-5. These
relationships were derived from the tabulated TVP values versus
temperature values 1isted in AP-42 Table 4.3-1 (see Appendix C).
Absence of data precluded developing similar relationships for
crude oils. Consequently, crude oil RVP values were converted
to RYP values assuming the storage temperature remained at
289°K.

A.1.2.3.3 Qther Properties

Petroleum iiquid density and vapor molecular weight were
required for the emission equations. The values used for the
emission calculations were obtained from information Tisted
in the tank data files when available. However, for many
tank locations values for density and vapor molecular weight
nad to be assumed. The assumptions were based on values Tistad
in AP-42 Table 4.3-1 (see Appendix C) and are presented in
Table A-3. Gas oil and commercial jet fuel, were assumed to nave
properties similar to kerosene. Diesel fuel was assumed to have
properties similar to distillate fuel. Low vapor pressure
stocks (lubricating oils, slop oils, etc.) were assumed to have
properties similar to residual fuel. The density and vapor
molecular weight of crude 0ils vary depending on the crude 2il
source. However, the absence of crude o0il property data
required assuming for all crude oils a density of 350 kg/m3
(7.1 1b/gal) and a vapor molecular weight of 50 g/g-mele.

A.2 EMISSION APPROXIMATICNS

The results from the emission calculations were for many but
not all refinery, terminal, tank farm, pipeline, and other tank

A-T1



Table A-5. RELATIONSHIPS USED TO CORRECT TRUE VAPOR PRESSURE WITH
STORAGE TEMPERATURE

GENERAL RELATIONSHIPZ

TVPA = TVP, + S (T

R R~ Ta)

—

-

O
([}

A TVP at actual storage temperature

TVPR = TVP at reference storage temperature
TA = Actual storage temperature
TR = Reference storage temperature
S = Change in TVP per degree change in temperature
"S" FACTOR FOR DIFFERENT PETROLELUM L1guIDs®
Petroleum Liquid “S" FACTOR
(pascals per °K) ~(psia per °F)
Gasoline -
TVPAzd‘l. kPa 575 .15
31. kPa < TVPA<41. kPa 421 L
31. kPa 2 T‘IPA 345 .09
Naphtha 345 .0¢
Alkylate 345 .Q%
Jet Fuel (JP-4) 115 .0
Refinery Intermediate 118 .03
3enzene 115 .02

3 falid far storage temperature range 280°X to 310°K (4C°F to S0°F)
2 8ased on a reference tempgerature of 28%°K (8Q°F)
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locations throughout the United States. The number of tanks and
HC emissions were approximated for refinery and pipeline pumping
station locations not included in the tank data files.
Approximations of the total numbers of tanks at terminals in

each state were used to supplement the tabulated numbers of termi-
nal tanks and calculated emissions from the tank data files.

No approximations were made for tank farm, petrochemical,

power plant, or industrial plant locations not listed in the

tank data files.

A.2.1 REFINERY TANK EMISSION APPROXIMATIONS

Refinery tank locations not listed in the tank data files

were ideetgfied using the Qil and Gas Journal "Refinery
6

Survey." The number of tanks at these locations were approx-
imated on the basis of the rated crude 0il refining capacity
(expressed as barrels per calendar day (bbl/day). Factors were
calculated expressing the average numbers of floating-recof

and fixed-roof tanks per 1000 bbl/day rated capacity. These
facteors were developed by averaging tank factors calculated

for specific refinery locations listed in the tank data files.
Senarate tank factors were calculated for each PAD District

in order to reflect regional variations in refinery operations.
Multiplication of the rated refining capacity times the tank
factors yielded approximations of the number of tanks at a
refinery location. The refinery tank factors used for the

approximations are listed in Table A-6.

Annual HC emissions from the tanks were determined by
multiplying the numbers of tanks by factors expressing the
average annual HC emissions per tank. These factors were
developed by averaging tank HC emissions calculated for specific
refinery locations listed in the tank data files. Separate

A-13



Table A-6.

TANK APPROXIMATION FACTORS

TANK APPROXIMATION FACTORS
PAD REFINERY , TERMINAL
SISTRICT Tanks per 1,000 5ot Tanks per 1,000
‘ Crude 0il Refining Capacity Populatian
Fixed- Floating- Fixed- Floating-
roof roof roof roof
1 .8 .4 .06 .03
2 .8 .3 .03 .03
3 .8 .3 .04 .03
4 .8 .4 .02 .02
5 .- .4 .03 .03

21,000 barrels = 159,000 liters

A-1<




tank emission factors were computed for each PAD District and the
three meteorclogical conditions. The refinery tank emission
factors are presented in Table A-7.

A.2.2 Pipeline Tank Approximations

No attempt was made to identify the specific pumping station
locations not listed in the tank data files. Instead, the total
number of pipeline pumping stations located in each state was
determined. This was accomplished by counting pumping station
locations on crude 0il and refined product pipeline maps
published by the 0il and Gas Journal. The total number of

pumping stations was subtracted from the number of pumping
stations listed in the tank data files to determine the number
of additional station locations for which tank and HC emissions
must be nmade.

To approximate the number of tanks at these additional
pumping stations, a factor of two tanks per station w~as used.
This factor was developed from data Tistea in the tank data files
and represented the nationwide average number of tanks located at
pumping stations. Tanks at crude oil pumping stations were
arbitrarily designated fixed-roof tanks. Tanks at refined
product pumping stations were designated floating-roof tanks.
Annual HC emissions from the pipeline tanks were approximatad
using the refinery tank emission factors.

A.2.3 Terminal Tank Approximations

NO surveys Or maps were available that allcwed identifying
the terminal locations not Tisted in the compiled tank data.
Theretors, the total number of tanks located at terminals was

A-15
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approximated for each state. The assumption was made that the
number of terminal tanks in a state is related to demand for
petroleum products, and demand is related to population. Tank
factors were developed expressing the average number of floating-
roof and fixed-roof tanks per 1000 population. Factors were
calculated for the specific states for which the tank data
files were judged to provide a complete inventory of terminal
tanks in the state. Averaging of the calculated values
yielded terminal tank factors for each PAD District. These
factors are presented in Table A-6. Using the populations of
each state and the terminal tank factors, the total numbers of
terminal tanks in each state were approximated.

The difference between the approximated total number of
terminal tanks and the number of terminal tanks Tisted in
the tank data files indicated the number of additional tanks
for which HC emission approximations were to be made. Annual
HC emissions from these tanks were approximated by multiplying
the number of tanks by factors expressing the average annual HC
emissions per tank. Like the refinery tank emission factors,
these factors were developed by averaging the tank HC emissions
calculated for specific terminal locations listed in the tank
data files. Separate tank emission factors were computad for each
PAD District and the three metsgrological conditions. The terminal
tank emission factors are presented in Table A-7.

A.3 SAMPLE CALCJ[ATION OF TOTAL TANK EMISSIONS

A simplified sample calculation is presented for a state
located in PAD District 2 to illustrate the basic amission esti-
mate methodology. For the state selected for the example,
individual tank data was available for terminal and tank farm
locations in the state. No individual tank data was availabie



for refinery or pipeline facilities. Table A-8 presents a
summary of the data used for the calculations.

The individual tank data was keypunched on computer cards.
The cards were used to create a computer data file. Using the
computer program developed for the project, emission calcuia-
tions were performed for each tank location listed in the data
files. A sample page of the camputer printout is shown in
Figure A-1. The printout tabulates the HC emissions from each
tank location for the three different sets of meteorological
data.

The HC emissions from tanks located at refinery and pipe-
line facilities in the state were approximated using the pro-
cedure outlined in Section A-2. The number of tanks at these
facilities were first approximated by using the tank factors
presented in Table A-6 and the general data presentad in Table
A-8. From the approximated numter of tanks, emissions were cal-
culated using the factors shown in Table A-7.

The results of the computer calculaticons and the %tank
approximation calculations are shown in Table A-9. Summation
of these results yielded the total estimates of annual HC emis-
sions from floating-roof and fixed-roof tanks in the state for
the year 1976.

A.4 1980 AND 1985 zMISSIQON PRQJECTIONS

Future petroleum storage tank HC amissions will depend an
the number of new tanks constructed in the Unitad States as well
as the type of emission controls installed on new and existing
tanks. B3oth fac*tors were considered for the 1980 and 1985 emis-
sion srojections.
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Table A-8. SUMMARY QF DATA USED FOR SAMPLE CALCULATION

GENERAL DATA

Location - PAD District 2

1970 state population - 4,418,000

1976 total refinery capacity in state - 45,400 bbl/day
Number of crude oil pipeline pumping stations - 12
Number of refined product pipeline pumping stations - 7
Meteorological condition - annual average

INDIVIDUAL TANK DATA

Individual tank data was compiled for 169 tanks at ter-
minal and tank farm locations in the state.
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STATE IN PAD DISTRICT 2

TERMINALS AND TANK FARMS

Individual tank agata was compiled for terminal and tank farm facilities located in the state. Annual HC emissions
from each tank location were calculated using a computer program. The summed resylts of the calculations assuming

annual average meteorological conditions were:

Total Annuai HC Emissions

Tank Type Mumber of Tanks {102 kg/vr)
Floating-roof 98 647,300
fixed-roof N 2,307,000

No individual tank data was compiled for refineries in the state. Tota! annual HC emissions were approximated us:
tne general data presented in Table A-8 and the appropriate factors from Tables A-6 and A-7.

Floating-roof tanks

14 *tanks

168,000 kg/yr

(45,400 bbl/day)(0.0003 tanks/bbl/day)

{ 14 *anks}(12,000 kg/yr/tank}

Fixed-roof tanks

37 tanks

629.0C0 xg/sr

(45,400 bb1/day)(0.0008 tanks/bbl/day)

( 37 tanks)(37,000 kg/yr/zank}

PIPELINE PUMPING STATICNS

Mo individual tank data was compiled for pipeline pumping stations in tne state. Total annual HC amissicns were
approximated using the general data presentad in Table A-8 and the procedure ouytline in Section A.2.2.

Floating-roof tanks

{ 7 stations)(2 tanks/station) = 14 tanks

168,000 kg/yr

{ 14 tanks}(12,000 kg/yr/tank)

Fixaed-roof tanks

{12 stations)(2 tanks/station) = 24 tanks

408,000 kg/yr

(24 tanks)(17,000 kg/yr/tank)

TOTAL ANNUAL HC =MISSIONS

Floating-roof tanks

847,000 xg/yr + 168,000 kg/yr + 163,300 «g/yr = 383,300 kz/yr

Fixes-roof tanks

2,307,300 kg/yr + 629,000 kg/yr + 308,200 kg/yr = 3,344,00C xg/vr
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A.4.1 PROJECTED NUMBER OF TANKS

Projections of total numbers of tanks in 1980 and 1985 were
made by linear extrapolation of the 1976 estimated tank numbers.
A ratio of future to current total storage capacity was used to
project upward the 1976 estimated tank numbers by volatility
class and PAD District. The basic equations used for the
projections are shown below.

(1980 Capacity)
(1980 MNo. of Tanks)

‘ x (1976 No. of Tanks)
(1976 Capacity) J
1

. (1985 Capacity)
(1985 No. of Tanks)

x (1976 No. of Tanks)
(1976 Capacity)

AL Projected Total Tank Storage Capacity

Total tank storage capacity in the United Statas is a
function of the demand For petroleum liquids. Prior to 1973,
petroleum demand projections could be based on historical trends.
However, uncertainties about the availability of crude oil
supplies as well as changes in national energy policies have
increased the complexity of petroleum demand forecasting.

Future petroleum demand has Deen the subject of recant

Studies.E°’7]

Howevar, these projections did not lend

themselves directly to estimating future tank storage capacity.
Elaborate projections of future petroleum demand are beyond

the scope of this study. Furthermore, since the tank projections
were basad on =he relative increase in future storage capacity
compared to currsnt storage capacity, a simplified apgroach was

adopted to astimate total storage capacity.
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Total tank storage capacity was estimated assuming:
1. DQDemand for refined products in the United States
is satisfied by domestic refinery output.

2. Total tank storage capacity is a function of total
crude 0il refined capacity (expressed in barrels
per day).

Based on these assumptions the following equation was devisad.

Total Tank Crude Qi1 Crude Qi1

[Storage = [Refining Capacity} X [Storage Period| +

Capacity (CORC) (cospP)
Product to Crude Qi1 Product
Crude Qi1 X [Refining Capacityy X 1I|Storage
Ratio (CORC) Period
(PCOR) (PSP)

The crude oil and product storage periods represent the number of
days of storage capacity a refinery has to maintain operation
flexibility and to provide for seasonal demand variations. The
product to crude oil ratio represents the amount of refined
product produced per barrel of crude oil.

To determine the ratio of 1980 to 1976 total tank storage
capacity, the following equation was used.

(1980 Capacity) {(1980 cose) +[(1980 PCaR) x (1920 psPY}x (1980 coRC)

11976 Capacity) {(1976 C0SP) +{(1976 PCOR) x (1976 Pspﬂ}x<1976 CORC,

To further simplify the equation, the following assumptions were
made.

1. The crude oil and product storage periods are equal.

2. The crude 0il storage period remains constant
through 1980.

3. The product to crude 0il ratio remains cons:ant
througn 1980.
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These assumptions allowed the projections to be made using
the egquation shown below.

(1980 Capacity) _ (1980 CORC)
(1976 Capacity) (1976 CORC)

Using an identical approach, the ratio of 1985 to 1976
tctal tank storage capacity was calculated by the fallowing
equation.

(1985 Capacity) _ (1985 CORC)
(1976 Capacity) (1976 CORC)

A.4.1.2 Projected Crude Qil Refining Capacity

Projections of 1980 and 1985 crude o0il refining
capacities were made for each PAD District using the 1976
domestic refining capacity as th;_baseiine. The Cil and Gas
Journal "Annual Refinery Su;yey““al was the source for the

1976 baseline refining capacities.

The increase in total domestic refining capacity for
1980 was projected by totaling announced refinery expansion
and new construction plans. It was assumed all planned
refinery construction would be completed on schedule. Table
A-iC 1ists the refinery expansion and new construction nlans
usad for the calculatiens.

No specific refinery expansion or new construction
information was available for the period 1980 to 1985. Conse-
quently, the increase in total domestic refining capacity for
1985 was determined by projecting the total 1676 refining capacity

o0 198¢%.



Table A-1C. ANNOUNCED REFINERY EXPANSION AND NEW CONSTRUCTION PLANS

1
Refinery Process
(8, 9] PAD Capacity
Company And Location“~’ Type| District] (Barrels Per Day) |
1977 |
Steuart Petroleum Company i
(Piney Point) Maryland N 1 100,000 ‘
Mallard Exploration, Incorp- !
orated (Atmor) Florida N 1 7,000 f
Midland Corporation '
(Cushing) Arkansas E 3 16,000
Shell 0i1 Company !
(Woodriver) I1linois E 2 30,000 }
Tenneco (Chalmette) Louisiana 3 3 30,000 f
Gulf 011 (Luling) Texas N 3 30,000 |
Exxon (Baytown) Texas E 3 250,000 }
Energy Company of Alaska 3
(Fairbanks) Alaska N 5 25,000 E
California 011 Purification
(Ventura) California E 5 15,000 5
Standard 0il of California ' |
(Perth Amboy) New Jersey K 1 30,000 '
i
19738 ?
| !
Crown Central Petroieum Corp- 5 |
oration (Baltimore) Maryland E L 200,000
Hampton Roads Energy Company
(Portsmouth) Virginia N ] l 184,000
|
Oddesa Refining, Incorporated ! |
(Mobile) Alabama N 3 120,000
Dow Chemical Company ! !
(Freeport) Texas N i 3 200,000
Hudson Qi1 Refining (Bayport) ;
Texas } N i 3 200,000
1979 ;
Pittston Company (Eastport) | |
Maine } N 250,000
Cascade Energy Resaurces | % |
(Rainier) Oregon 5 N 5 ; 200,C00

- Expansion at existing refinery
- New refinery to be constructed

= m
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Using an annual growth rate of 2.4 percent, the total
refining capacity for the United States in the year 1985 was pro-
jected to be 20 million barrels per day. The 2.4 percent factor
is a projectad growth rate of future petroieum product demand in
the Unitad States obtained from Reference 8. To distribute the
projected total 1985 refining capacity, the individual 1976 state
refining capacities were used as a baseline. First, the refinery
expansions and new construction listed in Table A-10 were added
to the 1976 state refining capacities for the appropriate states.
The 1976 state refining capacities for the states for which no
specific refinery expansion or construction data were available
were then increased by a constant factor to obtain the total pro-
jected capacity of 20 millicn barrels per day. The resulting dis-
tribution of the 1985 refining capacity by states is shown in
Table A-11. Summation of these resuits by PAD Oistrict yield the
1985 refining capacities.

Table A-12 shows by PAD District the 1976 baseline refining
capacities and the 1980 and 1585 projectad refining capacities.

A.4.1.3 Major Proposed Terminal Proiects

Additional consideration was given to major seapori crude
01l terminal projects being planned. 3 terminal is axpectad
to be built on the West Coast to handle Alaskan ¢il. Qi1
transportad through this terminal will be used at refineries
in PAD District 5 as well as distributad to refineries in
PAD Districts 2 and 3. Alaskan oil fields have been estimatsd
to produce 1.7X106 barrels per day of oil by 1980 and 2.4X705
barrels per day by 1985.[ 71 To estimate the number of tanks
raguired to handle this 0il, it was assumed all of the tanks wouid
be extarnal floating-roof tanks with capacities of 32C,0CC barrais.
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Table A-12.

DOMESTIC REFINING CAPACITY BY PAD DISTRICT

REFINING CAPACITY (barrels/day)

PAD Baseline Projected Projected
District 1975051 1980 1985

1 1,836,320 2,607,320 2,877,049

2 4,125,171 4,153,171 4,832,040

3 6,787,358 7,633,358 8,367,538

4 567,436 567,436 664,669

5 2,854,285 3,094,285 3,553,474
Total 16,170,570 18,057,570 19,994,830
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Using a 7 day storage factor, it was calculated that 18 tanks would
be required in 1980 and 26 tanks in 1975. These tank numbers

were added to the 1980 and 1985 projected number of tanks for

PAD District 5. The only other announced major terminal project

is the Louisiana Off-Shore 0il Port (LOOP) located in PAD

District 3. However, storage at this terminal is to be under-
ground in salt domes.

A.4.1.4 Tank Type Distribution

The projected numbers of tanks determined by linear
extrapolation of the 1976 values assume the current distri-
bution of the tank numbers by tank type. However, the New Source
Performance Standards (NSPS) require all new tanks storing
petroleum 1iquids having a volatility greater than 10.5kPa
(1.52 psia) to be of floating-roof design or have a vapor
recovery system.tlo] Consequently, the projected numbers of
tanks for 1980 and 1985 were re-distributed by tank type to
comply with NSPS. The projected total numbers of new tanks in
volatility classes 3, 4 and 5 were counted as external floating-
roof tanks.
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A.4.2 PROJECTED HC EMISSIONS

Projections of storage tank HC emissions for 1980 and 1985
were made by linear extrapolation of the 1376 estimated HC
emissions. A ratjo of future to current numbers of tanks was
used to project upward the 1976 emission values by volatility
class and PAD District. The basic equations used for the
projections are shown below.

[(1980 No. of Tanks)
(1980 Emissions) =

-

X (1976 Emissions)

L 1976 No. of Tanks)

d
-

(1985 Emissions) =

(
(1985 No. of Tanks)
, X (1976 Emissions)

1976 No. of Tanks)

J
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APPENDIX 8
TANK DATA FILE SUMMARY

Data for approximately 25,000 tank locations were listed in the
tank data files. Processing of the data comprised sorting the tank
data by various classification schemes and calculating the annual
HC emission for each tank location. The following series of tables
summarizes the distribution of tanks listed in the tank data files
and the results of the emission calculations.

Total Number of Tanks

Table B-1 Tabulated Number of Tanks by Industry Sector
Table B-2 Tabulated Number of Tanks by Volatility Class
Table B8~3 Tabulated Number of Tanks by Petroleum Ligquid Type

Total Tank Capacities

Table
Table
Table

Tabulated Total External Floating-Roof Tank Capacity
Tabulated Total Internal Floating-Roof Tank Capacity
Tabulated Total Fixed-Roof Tank Capacity

?) x o
[]
ah 3

Tank Design Characteristics

Table B-7 Tabulated Number of Fioating-Roof Tanks by Tank Capacity
Table B-8 Tabulated Number of Fixed-Roof Tanks by Tank Capacity
Table B-9 Tabulated Number of Tanks by Tank Construction

Table B-10 Tabulated Number of Floating-Roof Tanks by Roof Type
Table B-11 Tabulated Mumber of Floating-Roof Tanks by Seal Type
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Annual HC Emissions

Table B-12 Tabulated Annual HC Emissions by Industry Sector
Table B~13 Tabulated Annual HC Emissions by Volatility Class
Table 8-14 Tabulated Annual HC Emissions by Petroleum Liquid Type
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Table B8-1.

TABULATED NUMBER OF TANKS BY INDUSTRY SECTOR

FLOATTINSG ROOTF T AN K §2
INDUSTRY SECTOR
PAD 1 TOTAL
DISTRICT | Refinery| Terminal; Tank Farm| Pipeline| Other
1 539 851 122 28 37 1,577
2 928 718 93 166 214 2,119
3 1,541 314 202 97 20 2,174
4 177 41 1 2 0 231
5 1,226 553 151 117 37 2,084
TOTALH 4,41 2,477 579 410 308 8,185 f
% £xternal and internal floating-roof tanks
F I X £ 0 R 0 0 F T A N K S
| INDUSTRY SECTOR i
PAD L TOTAL |
DISTRICT {Refinery! Terminal} Tank Farm Pipe]ine, Other
i
1 1,501 1,440 83 22 31 3,357 |
2 2,518 1,107 98 257 1,064 | 5,044 ;
3 3,024 463 228 46 269 4,030
4 325 44 11 2 1 393
5 2,476 786 326 185 | 356 4,099
TOTALl 9,844 3,840 746 482 2,011 | 16,923
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Table B-2.

TABULATED NUMBER OF TANKS BY VOLATILITY CLASS

FLOATING ROOF T aANGKSS
VOLATILITY CLASS |
PAD 1 TOTAL
DISTRICT | 1 2 3 & | 5
1 125 | 120 | 47| 453 | 32| 1,577
2 223 | 166 | 1,382 321 27| 2,119
3 407 | 150 | 818] 751 | 48| 2,174
4 14 17 {175 25 0 231
5 402 | 421 | 775 468 | 18| 2,084
' TOTAL 1,171 | 874 3,997 2,018 ] 125] 8,185
% £xternal and internal floating-roof tanks
F 1 XED ROOF T ANKS
3 : [ VOLATILITY CLASS |
} S AD , [ :TOTAL
| DISTRICT | 1 2 I T S
R 1,988 | s16| 705| 128| 10| 3,357
L2 2,898 | 525 | 1,386 | 221 14 3,044
L3 2,638 , 216 | 829 343! 4. 4,030
I i :
e 267 55 51 CRICE I EE
s 1,986 | 1,002 | 818] 1971 zf 4,099
TTOTAL 9,787 [ 2,414 3,799 893 300 16,923
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Table B-3. TABULATED NUMBER OF TANKS BY PETROLEUM LIQUID TYPE

TANK TYPE
External Internal

PETROLEUM LINUID TYPE Floating Floating Fixed
Roof Roof Roof
Crude 011 1,233 78 1,442
Gasoline 3,795 425 2,436
Diesel fuel 125 22 787
Jet fuel, kerosene 143 14 669
Jet fuel, JP-4 290 15 533
Distillate fuel oil® 479 44 3,455
Residual fuel oil® 83 12 1,001
Naphtha 238 43 294
Alkylate 57 3 44
Medium vapor pressure stocks® 450 50 1,41
Low vapor pressure stocksd 105 87 3,528
Benzene 119 27 33
Other® 231 17 1,270
TOTAL 7,348 837 16,923

3ruel o grades 1, 2, 3

Bruel oil grades 4, 5, 6

“petroleum liquid vapor pressure greater than 3.4 kPa (.5 psia)

d

®Unidentified refined petroleum liquids

'
(64)

Petroleum liquid vapor pressure less than 3.4 kPa (.5 psia)
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Table B-9.

TABULATED NUMBER OF TANKS BY TANK CONSTRUCTION

Type of Tank Construction
PAD District
Welded Riveted Not Identified

1 377 75 4,482

2 354 216 6,593

3 184 150 5,870

4 39 0 585

5 952 712 4,519
TOTAL 1,906 1,183 22,049
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Table B-11.

SEAL TYPE

TABULATED NUMBER OF FLOATING-ROOF TANKS BY ROOF

FLOATINSG ROOF

PAD | Not
DISTRICT 1s 1t] 2s | 2t | identified
1 142 62 54 17 1,351 1,577
2 198 0 0 0 1,921 2,119
3 265 2 1 0 1,906 2,174
4 12 0 0 0 219 231
5 154 81 2 1N 1,836 2,084
TOTAL| 77 145 8 | 28 7,233 8,185
1s: Primary seal, mechanical type
1t: Primary seal, resilient type
2s: Primary seal, mechanical type and secondary seal
2t: Primary seal, resilient type and secondary seal




Table B-12.

Annual Averace Metsorological Conditions

TABULATED ANNUAL HC EMISSIONS BY INDUSTRY AREA

(units: 1,000 kg/yr)
FLOATTING ROGOTF T AN K S8
INDUSTRY SECTOR
PAD , TOTAL
| DISTRICT | Refinery| Terminal | Tank Farm| Pipeline| Other
| 1 6,937 7,616 1,743 289 174 | 16,759
| 2 10,377 7,028 894 1,460 | 1,120 | 20,879
! 3 16,928 4,572 3,054 1,184 232 | 25,970
| 4 994 48 77 2 0 1,121
i 5 12,300 4,804 870 747 | 39| 18,760
TOTAL 47,536 | 24,068 6,638 | 3,682 | 1,565! 83,489
% txternal and internal floating-roof tanks
F I X E D 0 0 F T A N K S
T ! i
f INDUSTRY SESCTOR | f
> AD , a , ‘ T OTAL;
SISTRICT | Refinery: Terminal E Tank Farm Pipe1ine% Jther . %
) ! | i i ! .
{ ‘ | ! t !
| 1 41,794 i 32,980 j 17,805 | 113 i 1,889 94,381 ;
| 2| me,43 | 30,278 3,713 ‘ 12,474 {11,047 | 169,925 |
| 300 88,86 | 10,17¢ | 5,08 | 5,413 2,046! 171,527
| i 1,546 | 8 20 | 3. 183: 4,807
5 49,313 46,170 4,435 | 11,894 1 4,393 116,153
TOTAY 119,680 | 31,3517 | 29,894 497,295
i | I

296,932

119,738
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Table B-12. TABULATED ANNUAL HC EMISSIONS BY INDUSTRY AREA
(Continued)
January Meteorological Conditions
(units: 1,000 kg/yr)
FLOATTING ROGOQTF T AN ¢ 2
INDUSTRY SECTOR
PAD - ‘ TOTAL
DISTRICT Refinery} Terminal | Tank Farm| Pipeline| Other
1 6,685 6,201 1,837 196 173 15,092
2 9,192 6,563 881 1,388 871 18,895
3 16,823 4,343 3,143 1,129 222 25,660
4 888 36 56 2 0 982
5 10,837 3,717 629 578 37 15,798
TOTAL| 44,425 20,860 6,546 | 3,293 | 1,303 76,427
% External and internal floating-roof tanks
F I X.ED ROOF T AN K S
INDUSTRY SECTOR |
PAD ‘ ‘ L ToTAL
| DISTRICT Refinery | Terminal | Tank Farm| Pipeline | Other ! e
1 31,519 27,238 | 12,108 112 | 1,545 i 72,522 |
2 81,066 | 25,093 3,112 10,052 | 7,701 | 127,024
| 3 35,283 9,206 4,464 | 4,733 | 1,413 1 105,148
e 3,761 57 14 o el 3,96
| 5 45,362 | 43,655 4,034 | 11,105 | 4,132 | 108,288
TOTAL | 246,997 | 105,269 | 23,732 | 26,052 | 14,905 = 416,329

t
i
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Table 8-12.

TABULATED ANNUAL HC EMISSIONS BY INDUSTRY AREA

(Concluded)
duly Meteorological Conditions
(units: 1,000 kg/yr)
F LOATTINGSG ROOTF T A N ¥ 2
5 INDUSTRY SECTOR
PAD TOTAL
DISTRICT | Refinery! Terminal| Tank Farm| Pipeline ther!
1 7,328 8,635 2,436 382 172 18,953 !
|
2 11,629 7,890 907 1,638 | 1,507 | 23,565 |
3 16,332 4,569 2,734 1,160 235 | 25,030
| a 1,319 76 130 2 0 1,527 |
| 5 12,710 5,790 1,127 903 390 20,569
"TQ7T ALl 23,318 | 26,960 7,328 1,085 | 1,953 89,644
 £xternal and internal fioating-roof tanks
F I X E D R 00 F T AN K S
i INDUSTRY SECTOR |
PAD | ‘ { TOoT AL
DISTRICT | Refinery, Terminal| Tank Farm| Pipeline | Other |
1 | 57,876 | 42,683 | 25,066 109 | 2,367 127,841
| !
| 2 | 165,201 | 40,086 4,738 20,485 | 16,961 | 247,471 |
! 3 ' 91,853 | 11,005 | 3,507 5,972 | 2,712 116,957
& L 7,298, 126 3¢ 0 2920 7,75
| 3 52,878 © 51,389 . 3,302 | 12,719 | 4,369 127,157
T OTALI374,646 0 145,289 | 40,747 | 39,285 27,203 1 527,173




Table 8-13. TABULATED ANNUAL HC EMISSIONS BY VOLATILITY CLASS

Annual Average etegrological Conditions
(units: 1,000 kg/yr)

F LOATTING .ROOTF T AN k §2

| VOLATILITY CLASS |

PAD TOTAL
DISTRICT 1 2 3 4 5

] 65 1,087 8,053 6,523 1,031 16,759

2 119 799 12,684 6,496 781 20,879

3 673 653 7,910} 14,430} 2,304 25,970

4 14 57 819 231 0 1,121
.5 454 1,307 6,166 8,808} 1,925 18,760
TOTA LL,1’325 3,903 35,632‘ 36,588 6,04’-1J 83,489

? external and internal floating-roof tanks

F I X E D R 0 0 F T AN K S

VOLATILITY CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5
1 2,970 | 14,656 | 64,585 10,042 1,613] 93,366 |
2 3,157 | 14,504 118,659 32,759 1,212 179,391
3 11,951 | 5,911 | 55,228! 36,293 2,144 111,527
4 197 567 3,720 339 0 4,323
5 3,206 | 45,323 | 47,130 12,415 8,201| 115,455 |
" TOTAL21,571 | 81,061 |289,422] 91,848 13,260] 157,162
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Table B-13. TABULATED ANNUAL HC EMISSIONS BY VOLATILITY CLASS

(Continued)
January Meteorological Conditions
(units: 1,000 kg/yr)

FLOATTING ROOF T ANGKS
1 o
VOLATILITY CLASS
P A TOTAL
DISTRICT | 1 2 3 4 5
1 63 356 | 6,386| 7,031 | 1,056 | 15,092
| 2 125 501 | 10,9%0| 6,332 | 825 | 18,395
i 3 570 656 | 7,770(14,250 | 2,314 | 25,660
| 4 54 702|218 0 332 |
| 5 | 44| 1,034 4,933} 7,420 | 1,987 15,793 |
' TOTAL 1,21 2,501 | 30,901]35,251 | 6,183 | 75,027 |
@ gxternal and intzrnal floating-roof tanks
F I XED ROOF T ANKS
| | VOLATILITY CLASS | |
A D TOTAL
oIsTRICT | 1 | 2 3 4 5 |
v a0 s7ae | se2e9) 9,722 1,53 | 72,58
2 12,0030 9,352 ) 28,289/23,385 : 1,136 | 126,185 |
3 len a0 |sneesaees | 2.0 105,18 |
s o1e ) sea o293 31| 0 3,348 ;
.5 2,275 | 36,399 | 38,508 7,088 | 5,621 | 30,98
TOTAL21,071 | 52,729 |227,43575,284 (11,331 | 397,330
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Table B-13. TABULATED ANNUAL HC EMISSIONS BY VOLATILITY CLASS
(Concluded)

July Meteorological Conditions
(units: 1,000 kg/yr)

F LOATTINSG R OO F T AN £ s

VOLATILITY CLASS
PAD T TOTAL
DISTRICT 1 2 3 4 5
1 60 443 |10,322 7,234 894 18,953
2 113 658 116,174 5,971 676 23,592
3 628 622 7,667 | 13,911 2,202 25,030
4 9 58 1,220 240 0 1,327
5 448 1,391 6,611 | 10,348 1,771 20,569
TOTAL 1,258 | 3,172 141,994 37,70d* 5,543 | 89,671

 external and internal floating-roof tanks

F I X ED R 0 0 F T AN K S

VOLATILITY CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5

1 3,402 | 19,871 92,648 10,276| 1,644 127,341
2 3,250 | 21,152 {177,004 42,816} 1,203 245,425
3 12,100 6,070 58,532 37,999 2,250 116,951
4 231 687 6,469 353 0 7,750
5 3,169 | 48,400 53,328] 13,493} 8,757 127,157

TOTAL22,152 | 96,190 1387,981(104,937|13,864 625,124

B-19



Table 3-14.

TABULATED ANNUAL HC EM

[SSIONS BY PETRCLEUM LINUID TYPE

Annual Average Meteoroloaical Conditions

(units:

1000 ka/yr)

TANK TYOPE |
|
External | Internal i
PETROLEUM LINUID TYPE Floating  Floating | Fixed |
! Roof Roof Roo* 5
Crude 011 13,586 353 j123,587
. Gascline 54,313 2,321 l241
Diesel fuel 244 33 l 2,43]
, Jet fuel, kerosene 259 17 , 3,738
| Jet fuel, JP-4 1,126 84 | 13,32
| Distillate fuel ofl® 1,176 82 12,834
 Residual fuel oi1® 107 3 3,154
- Naohtha 2,722 176 11,067 |
. Alkylate 713 14 1,825
| Medium vascor pressure stocks© 2,411 ¢3 | 45,660 |
} LOW vapor oressure stocksd 433 1 ; 5,510
' Zenzene 569 34 L879 !
; § I
. Other® 2,025 3] 131,625 |
| TO0TAL | 80,284 | 3,208 497,285
i i } i '
a'ue1 011 grades 1, 2, 3
%2yl 0il graces 4, 3, 6
“2ezroleum 1iquid vapor pressure gresater than 3.4 kPz (.3 psia)
dPetroXeum liquid vapar pressure less than 3.4 kPa (.3 asia)

&

eUnidentified a i

ned petrcieum Tiguids



Table B-14. TABULATED ANNUAL HC EMISSIONS BY PETROLEUM LIOUID TYPE
(Continued)
January Meteoroiogical Conditions
(units: 1000 kg/yr)

TANK TYPE
Exterqal ‘ Interqa] .
PETROLEUM LINUID TYPE Floating Floating Fixed
Roof Roof Roof

Crude 011 13,668 353 122,420
Gasoline 49,529 2,024 161,120
Diesel fuel 237 33 2,392
Jet fuel, kerosene 254 17 3,726
Jet fuel, JP-4 999 84 11,182
Distillate fuel ail® 1,162 42 12,712
Residual fuel oi1° 102 3 3,087
Naphtha 2,599 155 8,277
Alkylate 684 14 1,487
Medium vapor pressure stocks® 2,281 13 37,188
Low vapor pressure stocksd 415 1 5,536
Benzene 561 32 702
Other® 1,138 27 28,057

TOTAL 73,629 2,798 397,890

Ayl oil grades 1, 2, 3

bFue1 0il grades 4, 5, 6
Cpetroleum liquid vapor pressure greater than 3.4 kPa (.5 psia)
dPetro1eum 1iquid vapor pressure less than 3.4 kPa (.5 psia)

®Unidentified refined petroleum liquids
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Table B-14.

(Concluded)
July Metaorological Conditions

TABULATED ANNUAL HC EMISSIONS 8Y PETROLEZUM LIOQUID TYPE

(units: 1000 ka/yr)
TANK Tyoece
External ] Internal ! }
PETROLELM LINUID TYPE Floating ' Floating | Fixed |
| Roof Roof | Roo*
f } i
| Crude 011 12,605 353 123,960
l Gasoline 62,622 2,827 |333,603 |
| Diesel fuel 232 33 2,423 |
| Jet fuel, kerosene 247 | 17 3,643 |
|
| Jet fuel, JP-4 1,180 85 28,136
| Distillate fuel oil® 1,107 42 12,811 |
| Residual fuel oi1° 105 3 3,140 |
|
, Naohtha 2,728 204 14,845 !
| Alkylate 703 13 | 2,29 .
' Vedium vapor pressure stocks® 2,409 | 151 | 56,613 |
' |
| Low vaoor oressure stacks® 120 1 5,144 {
' 3enzene 537 B 1,00
. Other |98 35 L3717
| TOTAL | 85,871 | 3,300 525,124
dcuel oil grades 1, 2, 3
bFue1 cil grades 4, %, 5
Cpatroleum liquid vapor oressure greatar znan 3.4 kPa (.3 psia)

dPetro1eum 1iquid vaoer pressure less than 3.1 kPa (.5 psia)

SUnidentified refined petroleum 1iquids
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APPENDIX C
EMISSION EQUATIONS

The emission calculations were performed using the emission
equations described in Supplement No. 7 for Compilation of Air
Pollutant Emission Factor, AP-42, U.S. Environmental Protection
Agency, April 1977. The following pages are a reproduction of
Section 3.4, "Storage of Petroleum Liquids."

c-1



4.3 STORAGE OF PETROLEUM LIQUIDS! by Charles C. Masser

Fundamentally, the petroleum industry consists of three operations: (1) petroleum production and
transportation, (2) petroleum refining, and (3) transportation and marketing of finished petroieum
products. All three operations require some type of storage for petroleum liquids. Storage tanks for
both crude and finished products can be sources of evaporative emissiona. Figure 4.3-1 presents a
schematic of the petroleum industry and its points of emissions {rom storage operations.

-, e o e e .-

4.3.1 Process Description

Four basic tank designs are used {or petroleum storage vessels: fixed roof, floating roof (open type
and covered type), variable vapor space, and pressure (low and high).

4.3.1.1 Fixed Roof Tanks!. The minimum accepted standard for storage of volatile liquids is the
fixed roof tank (Figure 4.3-2). It is usually the least expensive tank design to construct. Fixed roof tanks
basically consist of a cylindrical steel shell topped by a coned roof having a minimum slope of 3/4
inches in 12 inches. Fixed ruof tanks are generally equipped with a pressure/vacuum vent designed to
contain minor vapor volume changes. For large fixed roof tanks, the recommended maximum operat-
ing pressure/vacuum is +0.03 psig/-).03 psig (+2.1 g/cm?/-2.1 g/em?).

4.3.1.2 Floating Roof Tanks3- Floating roof tanks reduce evaporative storage loases by minimizing va-
por spaces. The tank consists of a welded or riveted cylindrical steel wall, equipped with a deck or rooi
which is free to {loat on the surface of the stored liquid. The roof then rises and falls according to the
depth of stored liquid. To ensure that the liquid surface is completely covered, the roof is equipped
with a sliding seal which fits against the tank wall Sliding seals are also provided at support columns
and at all other points where tank appurtenances pass through the floating rool.

Until recent vears. the most commonly used floating roof tank was the conventional open-tvpe
tank. The open-type {loating roof tank exposes the roof deck to the weather: provisions must be made
for rain water drainage. snow removal, and sliding seal dirt protection. Floating roof decks are of three
general types: pan. pontoon, and double deck. The pan-type roof consists of a flat metal plate witha
vertical rim and sufficient stiffening braces to maintain rigidity (Figure 4.3-3). The single metal plate
roof in contact with the liquid readily conducts solar heat, resulting in higher vaporization losses than
other floating roof decks. The roof is equipped with automatic vents for pressure and vacuum release.
The pontoon roof is a pan-type floating roof with pontoon sections added to the top of the deck around
the rim. The pontoons are arranged to provide floating stability under heavy loads of water and snow.
Evaporation [osses due to solar heating are about the same as for pan-type roofs. Pressure/vacuum
vents are required on pontoon roof tanks. The double deck roof is similar to a pan-type floating roaf,
but consists of a hollow double deck covering the entire surface of the roof (Figure 4.3-4). The doubie
deck adds rigidity. and the dead air space between the upper and lower deck provides significant insu-
lation ‘rom solar heating. Pressure/vacunm vents are also required.

The covered-type floating roof tank is essentially a fixed-roof tank with a [loating rooi deck insid»
the tank (Figure 4.3-3). The American Petroleum Institute has designated the term “covered {loating”
roof o describe 1 fixed rooi tank with an internal steel nan-type floating roof. The term “internal float.
ing cover™ has been chosen by the AP to describe internal covers constructed of materials other than
steel, Floating roofs and coverscan be installed inside existing {ixed roof tanks. The fixed roof protects
the floating meof {rom the weather, and no provision is necessarv for rain or snow removal. or for seal

+/77 Evaporation Loss Sources +.3-1
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Figure 4.3-4. Doubie deck flcating rocf storage tank {non-metailic saals).
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Figure 4.3-5. Covered floating roof storage tank.

protection. Antirotational guides must be provided to maintain roof alignment, and the space be-
tween the fixed and floating roofs must be vented to prevent the possible formation of a flammable
mixture.

4.3.1.3 Variable Vapor Space Tanks - Variable vapor space tanks are equipped with expandable
vapor reservoirs to accommodate vapor volume fluctuations attributable to temperature and baro-
metric pressure changes. Although variable vapor space tanks are sometimes used independently, they
are normaily connected to the vapor spaces of one or more {ixed roof tanks. The two most common
tvpes of variable vapor space tanks are lifter roof tanks and flexible diaphragm tanks.

Lifter roof tanks have a telescoping roof that {its loosely around the outside of the main tank wall.
The space between the roof and the wall is closed by either a wet seal, which consists of atrough filled
with liquid, or a dry seal, which employs a flexible coated fabric in place of the trough (Figure 4.3-6).

AQCSAd
VENT

D LEVEL

Figure 4.3-6. Lifter roof storage tank {wet seal).

Flexible diaphragm tanks utilize flexiblc membranes to provide the expandable volume. Thes may
be separate gasholder type units, or integral units mounted atsp fixed roof tanks (Figure 4.3-7).

+.3-4 EMISSION FACTORS /77
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Figure 4.3-7. Flexible diaphragm tank (integra! unit).

4.3.1.4 Pressure Tanks®-Pressuretanksare designed to withstand relatively large pressure variations
without incurring a loss. They are generally used for storage of high volatility stocks. and they are
constructed in many sizes and shapes, depending on the operating range. The noded spheroid and
noded hemispheroid shapes are zenerally used as low-pressure tanks (17 to 30 psia or 12 to 21 mg. m3).,
while the horizontal cylinder and spheroid shapes are zenerally used as high-pressure tanks{up t0 263
psia or 186 mg/m3),

4.3.2 Emissions and Controls

There are six sources of emissions rom petroleum liquids in storage: {ixed roof breathing losses.
fixed roof warking losses. {loating roof standing storage losses. {loating roof withdrawal losses. vari-
able vapor space {illing losses, and pressure tank losses.*

Fixed roaf breathing losses consist of vapor expelled from atank because of the thermal expansion
of existing vapors, vapor expansion caused by barometric pressure changes, and. or an increase in the
amount of vapor due to added vaporization in the absence of a liquid-leve! change.

Fixed roof working losses consist of vapor expelled {rom a tank as a result of filling and emptving
operations. Filling loss is the result of vapor displacement by the input of liquid. Emptying loss is the
expulsion of vapors subsequent to product withdrawal, and is attributable to vapor zrowth as the new.
lv inhaled air is saturated with hvdrocarbons.

Floating roof standing storage losses result from causes other than breathing or changes in liquid
level The largest potential source of this loss is attributable to an improper {it of the seal and shoe to
the shell. which exposes some liquid surface to the atmosphere. A small amount of vapor mav escape
between the flexible membrane sea] and the roof.

Floating roof withdrawal losses result from evaporation of stock which wets the tank wall as the
roof descends during emptving operations. This loss is small in comparisan to other types of losses.

+/5% Evaporation Loss Sources +.3-3



Variable vapor space filling losses result when vapor is displaced by the liquid input during filling
operations. Since the variable vapor space tank has an expandable vapor storage capacity, this loss is
not as large as the filling loss associated with fixed roof tanks. Loss of vapor occurs only when the vapor

storage capacity of the tank is exceeded.

Pressure tank losses occur when the pressure inside the tank exceeds the design pressure of the
tank. which results in relief vent opening. This happens only when the tank is filled improperly, or
when abnormal vapor expansion occurs. These are not regularly occurring events, and pressure tanks
are not a significant source of loss under normal operating conditiona.

The total amount of evaporation loss from storage tanks depends upon the rate of loss and the per-

' iod of time involved. Factors affecting the rate of loss include:

True vapor pressure of the liquid stored.

Temperature changes in the tank.

Height of the vapor space (tank outage).

Tank diameter.

Schedule of tank filling and emptying.

Mechanical condition of tank and seals.

Type of tank and type of paint applied to outer surface.

ol

The American Petroleum Institute has developed empirical formulae, based on field testing, that cor-

relate evaporative losses with the above factors and other specific storage factors.

4.3.2.1 Fixed Roof Tanks?’ - Fixed roof breathing losses can be estimated from:

p 0.68
=9 1.73 g0.31 10.50
Ly -...lxlO“M[M'./_P:I D A FpCKc (1

where: L g Fixed roof breathing loss (Ib/day).

M = Molecular weight of vapor in storage tank (lb/l1b mole). (see Table 4.3-1).

P = True vapor pressure at bulk liquid conditions (psia): see Figures 4.3-8, 4.3-9,
or Table 4.3-1.
D = Tank diameter ({t).
H = Average vapor space height, including roof volume correction ({t); see note (1).
AT = Average ambient temperature change from day to night (°F).
Fp = Paint factor (dimensionless); see Table 4.3-2.

C = Adjustment factor for small diameter tanks (dimensionless); see Figure 4.3-10.

~
"

c Crude oil factor {dimensionless); see note (2).

Note: (1) The vapor space in a cone roof is equivalent in volume to a cylinder which has the
same base diameter as the cone and is one-third the height of the cone.

(2) K¢ = (0.63) for crude oil. K, = (1.0) for gasoline and all other liquids.

AP reports that calculated breathing loss from Equation (1) may deviate in the order of = 10 percent
from actual breathing loss.
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Figure 4.3-8. Vapor pressures of gasolines and finished petroieum aroducts.
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Figure 4.3-Q. Vapor pressures of crude ail.
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Table 4.3-2. PAINT FACTORS FOR FIXED ROOF TANKS?

Paint factors (Fp)

Tank color Paint condition

Roof | Shell | Good | Poor

White ’ White i 1.00 ! 1.15
Aluminum (specular) l White i 1.04 1.18
White i Alurminum (specuiar) 116 1.2
Aluminum (specular} Aluminum (specular) | 1.20 1.29
White ; Aluminum {diffuse) 1.30 1.38
Aluminum (diffuse) i Alurminum (diffuse) 1.39 | 1.48
White ’ Gray 130 | 1.38
Light gray ‘ Light gray 1.33 " 1.444
Medium gray j Medium gray 1.40 1.584

3Estimated from the ratios of the seven precsding paint factors,
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Figure 4.3-10. Adjustment factor (C) for
small diameter tanks.

Fixed roof working losses can be estimated from:

Lw = 240 (10" MP Ky K, 12)
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[

where: Ly = Fixed roof working loss (1b/10 gal throughput).

M = Molecular weight of vapor in storage tank (Ib/!b mole). see Table 4.3-1.

P = True vapor pressure at bulk liquid conditions (psia); see Figures 4.3-3. 1.3.9,
or Table 4.3-1.

XN = Turnover factor (dimensionless); see Figure 4.3-11.

X¢ = Crude oil factor (dimensionless); see note.

Note: K = (0.84) for crude oil. K, = (1.0) for gasoline and all other liquids.

38

!
4

1.9 \
c.8

NOTE FOA 38 TUANQVERS 9€R
YEAR 2A £33, Xy ®1.]

!
I
|
|
b4 |
= i
: |
S \ | |
o Q.8 1 )
< ! |
. e A [
T as ; ;
> H 4 |
Z oz | ' ‘ ‘
=} ‘ l |
=
| |
Q 1Q0 200 3CQ 4Q¢

ANNUAL TWRCOUGHP™
TANK CARPACTY

TURNCVESS PER YEAR =

Figure 4.3-11. Turnaver factor (Ky) for fixed raof tanks.

The fixed roof working foss (Lw) is the sum of the loading and unioading loss. APl reports that special
tank operating conditions may result in actual losses which are significantly greater or lower than the
sstimates provided by Equation (2).

The AP! recommends the use of these storage loss equations only for cases ;n whuch the stored petro-
{eum liquids exhibit vapor pressures in the same range as gasolines. However, in the absence of anv cor-
reiation developed specifically {or naphthas, kerosenes. and {uel otls, it is recommended that these
storage loss equations also be used for the storage of these heavier fuels.

The method most commonly used to control emissions from fixed roof tanks 1savapor recovary svs.
12m thatcollects emissions {rom the storage + essels and converts them ta liquid praduct. To recovera-
por. one or a combination of four methods may be used: vapor-liquid absorption. 1apor compression.
vapor cooling. and vapor ‘solid adsorption. Overall control efficiencies of vapor recovers svstemssary

4,77 Evaporation Lass Sources +.3-11



from 90 to 95 percent, depending on the method used, the design of the unit. the composition of vapors
recovered, and the mechanical condition of the system.

Emissions from fixed roof tanks can also be controlled by the addition of an internal floating cover
0 - covered floating roof to the existing fixed roof tank. APl reports that this can result in an average
loses reduction of 90 percent of the total evaporation loss sustained from a fixed roof tank.?

Evaporative emissions can be minimized by reducing tank heat input with water sprays, mechani-
cal cooling, underground storage, tank insulation, and optimum scheduling of tank turnovers.

4.3.2.2 Floating Roof Tanks*+’ - Floating roof standing storage losses can be estimated from:

p 107
Lg = 9.21x 1073 M[MJ_P] D13 v 07 K Ky Kp Ke (3)
where: Lg = Floating roof standing storage loss (1b/day).
M = Molecular weight of vapor in storage tank (lb-'Ib mole): see Table 4.3-1.
P = True vapor pressure at bulk liquid conditions (psia): see Figures 4.3-8. 4.3-9.

or Table 4.3-1.

D = Tank diameter (ft); see note (1).

Vo = Average wind velocity (mi/hr); see note (2).

K, = Tank type factor (dimensionless): see Table 4.3.3.
K, = Seal factor (dimensionless); see Table 4.3-3.

Kp = Paint factor (dimensionless); see Table 4.3-3.

K. = Crude oil factor (dimensionless); see note (3).

Note: (1) For D 2150, use Dv¥'150 instead of D.!3

{2) API correiation was derived for minimum wind velocity of $ mph. If V'
< +mph, use Vy = 4mph.

13) K, =(0.84) for crude oil, K¢ = (1.0) for all other liquids.

APl reports that standing storage losses from gasoline and crude oil storage calculated from Equa-
tion {3) will not deviate from the actual losses by more than £25 percent for tanks in good condition un-
der normal operation. However, losses may exceed the calculated amount if the sealsare in poor condi-
tion. Although the APl recommends the use of these correlations only for petroleum liquids exhibut-
Ing vapor pressures in the range of gasoline and crude oils. in the absence of better correlations. these
rorrelations are also recommended with caution for use with heavier naphthas, kerosenes, and fuel

otls,
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Table 4.3-3. TANK, TYPE, SEAL, AND PAINT FACTCRS
FOR FLOATING ROQF TANKS?

Tank type K, | Seai 1y pe EoX
. :
Welded 1ank with pan or pontoon | Tight fitting (typical of modern
roof, singie or double seal l0.045 metallic and ngn-metailic seais) | 1.00
f §
Riveted tank with pontoon roof, | | Loose fitting {tymical of seals |
double seal AR [ Duilt prior to 1842) | 1.33
l
Riveted tank with pontoon roaf, | Paint color of sneil ana roof ; Kg
singte seal I 0.13 i
a Light gray or aiuminum ;1.0
iveted tank with pan roof, .
double seal 0.13 White 0.9
Riveted tank with pan roof,
singie seal l Q.14

API has developed a correlation based on laboratory data for calculating floating roof withdrawal
loss for gasoline storage.’ Floating roof withdrawal loss for gasoline can be estimated from:

Lup = 22.48 Ce »

where: Lyp = Floating roof gasoline withdrawal loss (1b.'10% zal throughput).
d = Density of stored liquid at bulk liquid conditions (lb, zal): see Table 4.3-1.
CF = Tank construction factor (dimensionless); see note.
D = Tank diameter ({1).

Note: CF = (0.02) for steel tanks. CF z {1.0) for gunite-lined tanks.

Because Equation (4) was derived from gascline data. its applicability to other stored liquids 1s uncer-
tain. No estimate of actUvacy of Equation (4) has been given.

API has not presented any correlations that specifically pertain to internal floating covers or cov-
ered floating roofs. Currently, API recommends the use of Equations (3) and ($) with a wind speed of 4
mpk for calculating the losses from internal floating covers and covered floating roofs.

Evaporative emissions from floating roof tanks can be minimized by reducing tank hest input.

4.3.2.3 Variable Vapor Space Svstems . Variable vapor space system filling losses can be estimated
from:

Ly = (2.50x 107) 3\7? V=025V ] (39

+/°7 Evaporation Loss Sources +.3-13



where: Ly = Variable vapor space filling loss (1b/10° gal throughput).
M = Molecular weight of vapor in storage tank (Ib/lb mole); see Table 4.3-1.
P = True vapor pressure at bulk liquid conditions (psia); see Figures 4.3-8, 4.3-9, or Table
1.3-1.
V., = Volume of liquid pumped into system: throughput (bbl).

V, = Volume expansion capacity of system (bbl); see note (1).

N = Number of transfers into system (dimensionless); see note (2).

Note: (1) Visthe volume expansion capacity of the variable vapor space achieved by roof-
lifting or diaphragm-flexing.

{2) N is the number of transfers into the system during the time period that corre-
sponds to a throughput of V.

The accuracy of Equation (5) is not documented; however, APl reports that special tank operating
conditions may result in actual losses which are significantly different from the estimates provided by
Equation (3). It should also be noted that, although not developed for use with heavier petroleum
liquida such as kerosenes and fuel oils, Equation (3) is recommended for use with heavier petroleum
liquids in the absence of better data. .

Evaporative emissions from variable vapor space tanks are negligible and can be minimized by opti-
mum scheduling of tank turnovers and by reducing tank heat input. Vapor recovery systems can be
used with variable vapor space systems to collect and recover filling losses.

Vapor recovery systems capture hydrocarbon vapors displaced during filling operations and re-
cover the hydrocarbon vapors by the use of refrigeration, absorption, adsorption. and/or compres-
sion. C ,atrol efficiencies range from 90 to 98 percent. depending on the nature of the vapors and the
recovery equipment used.

4.3.2.4 Pressure Tanks- Pressure tanks incur vapor losses when excessive internal pressures result in
relief valve venting. In some pressure tanks vapor venting is a design characteristic. and the vented
vapors must be routéd to a vapor recovery system. However, for most pressure tanks vapor venting is
not a normal occurrence. and the tanks can be considered closed systems. Fugitive losses are also as-
sociated with pressure tanks and their equipment, but with proper system maintenance they are in-
significant. Correlations do not exist for estimating vapor losses {rom pressure tanks.

4.3.3 Emission Factors

Equations (1) through (3) can be used to estimate evaporative losses, provided the respective para-
meters are known. For those cases where such parameters are unknown, Table 4.3-4 provides emission
factors for the typical systems and conditions. It should be emphasized that these emission factorsare
rough estimates at best for storage of liquids other than gasoline and crude oil, and for storage con-
ditions other than the ones they are based upon. In areas where storage sources contribute a substan-
tial portion of the total evaporative emissions or where they are major factors affecting the air quality,
it is advisable to obtain the necessary parameters and to calculate emission estimates using Equations
11) through {3}.
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4.3.3.1 Sample Calculation - Breathing losses from a fixed roof storage tank would be calculated as
follows, using Equation (1).

Design basis:

Tank capacity - 100,000 bbl.

Tank diameter - 125 ft

Tank height - 46 ft.

Average diurnal temperature change - 15°F.
Gasoline RVP - 9 psia.

Gasoline temperature - 70°F.

Specular aluminum painted tank.

Roof slope is 0.1 ft/ft.

Fixed roof tank breathing loss equation:

. P_1088 1173 yost 5p0.50
LB-z.zixlo—‘M[MJ_P} D173 {031 aT030 F) € K,

where: M = Molecular weight of gasoline vapors (see Table 4.3-1)=66.

P = True vapor of gasoline (see Figure 4.3-8) = 5.6 psia.

D = Tank diameter = 125 ft.

AT = average diurnal temperature change = 15°F.

Fp = paint factor (see Table 4.3-2) = 1.20.

C = tank diameter adjustment factor {see Figure 4.3-10) = 1.0.

Kc = crude oil factor (see note for equation (1)) = 1.0.

H = average vapor space height. For a tank which is filled completely and emptied. the
average liquid level is 1, 2 the tank rim height, or 23 {t. The effective cone heightis | 3
of the cone height. The roof slope is 0.1 {t, {t and the tank radius is 62.3 {t. Effective
cone height = (62.5 ft) (0.1 {t/ft) (1,3) = 2.08 ft.

H = average vapor space height = 23 ft ~ 2 ft = 25 ft.

Therefore:

3
-

0.63 5 . .
= .21 x 107 (66) [r;"'fs‘;‘g] (29HET3 (29031 (15030 12y 000 0

—
w
1}

i

—
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1

1063 \b/day
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APPENDIX D
EMISSION ESTIMATES USING JANUARY AND JULY
METEOROLGGICAL CONDITIONS

Hydrocarbon emissions from floating-roof tanks and fixed-
roof tanks were estimated for the year 1976 using January and
July meteorological conditions. Tables D-1 and D-2 present
average monthly HC emissions for January and July by industry
sectors and volatility classes.
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Table D-1. 1976 JANUARY HC EMISSION ESTIMATES
(units: 1000 kg/month)

F L OAT I NG R 0 0 F T AN ¥ 5

INDUSTRY SECTOR |

P AD T ‘ TOTAL
DISTRICT | Refinery| Terminal| Tank Farm| Pipeline| Other

] 513 | 1,377 153 386 15 | 2,514

2 1,076 | 1,486 73 759 73| 3,267

3 1,959 769 262 529 19 3,538

2 116 45 5 33 2 205

5 903 336 52 79 ¢ 1 1,378
ToTaLl 4867 | e03 | sas | ove2 |11 | 11,008

? gxternal and internal floating-roof tanks

FI X & D R 0 0 F T A N K S

INDUSTRY SECTOR

|
|
2 AD [ ; \ | TOTAL
OISTRICT | Refinery Terminal | Tank Farm  Pigeline; Other |
1 1 2,736 | 4,340 noos |oes | o2s | g
2 7,870 | 4,079 229 | 1,822 | 842 o ET2
3 § 10,563 1,509 372 } 2,887 118 | 15,449 |
4 1 80 155 2 | 268 10 E 913
T T Wi B WY 136 9 | 337 0 9,126
! { ) !
TOTALI25,230 14,415 | 1,373 | 6,000 1,236 & 49,052

t
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Table D-1. 1976 JANUARY HC EMISSION ESTIMATES (Concluded)
(units: 1000 kg/month)
FLOATTING R 0O F T ANKS
VOLATILITY CLASS,|
PAD 1 TOTAL
DISTRICT 1 2 3 4 5
1 10 59 1,097 1,172 176 2,514
2 23 92 2,002 1,199 152 3,468
3 93 90 1,071 1,965 319 3,538
4 2 12 145 45 0 204
5 37 90 429 645 173 1,374
TOTAL 165 343 | 4,748 | 5,025 820 | 11,098
3 £xternal and internal floating-roof tanks
F 1 X E D R OO F T ANKS
ﬁ Vo LATILITY CLASS | |
PAD i TOTAL
DISTRICT o2 3 4 5 | |
' | !
o s01 | 1,200 | 5,518 | 1,192 188 | 8,399
2 337 1,106 | 10,044 3,052 133 | 14,672
3 1,709 839 7,561 5,043 297 15,449 |
4 44 117 679 0 0 93
5 | 294 | 3,849 | 3,607 | 922 | s34 | 9,126
TOTA L; 2,785 5,911 | 27,809 ; 10,282 | 1,272 | 49,058
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Tabie 0-2.

1976 JULY HC EMISSION ESTIMATES

(units: 1000 kg/month)

FLOATTING ROOF T ANKS

| INDUSTRY SECTOR
PAD | TOTAL.
DISTRICT | Refinery| Terminal{ Tank Farm{ Pipeline! Other

1 662 1,795 203 344 14 3,018

2 1,335 1,691 74 897 126 4,123
| 3 1,916 817 228 532 29 3,513

4 175 73 11 62 0 321

5 1,059 525 34 115 3 1,796
ToTALl 5,767 | ¢90 510 | 1,950 183 | 12,711

® £xzernal and internal flcating-roof tanks

FoloX 0 R O0OF T ANKS

! INDUSTRY SECTOR }
L P A D ] | P TOTAL
; OISTRICT | Refinery ! Terminal| Tank Farm| Pipeline; Other | :
C 1,929 | 7,786 2,089 %8 | 197 | 15,099
2 15,78 | 5,885 395 | 3,491 i 1,413 | 26,370
‘ |

3 |1,343 | 1,807 167 | 3,171 ‘ 226 | 17,020
s 853 | 177 300 20 | 28 7,483
5 1,406 4,287 42 | 1,076 1 406 10,717
'TOTAL37,329 120,042 | 3,396 3,236 2,256 | 71,259

i




Table D-2. 1976 JULY HC EMISSION ESTIMATES (Concluded)
(units: 1000 kg/month)

FLOATTING R 0 0 F T A N K S

VOLATILITY CLASS
PAD TOTAL
DISTRICT 1 2 3 4 5
1 10 70 1,644 1,152 142 3,018
2 20 115 2,827 1,043 118 4,123
3 88 87 1,076 1,953 309 3,513
4 2 12 257 50 0 321
5 39 121 577 904 155 1,79
TOTAL 159 105 6,381 5,102 § 724 12,771

? External and internal floating-roof tanks

F I X E D R 0 0 F T A N K S

v 0 LAT I LIT Y C L A S S !
oA D ' TOTAL |
DISTRICT 1 2 3 4 5
1 402 2,347 | 10,942 1,214 194 15,099
2 358 2,332 | 19,778 4,371 131 26,970
3 1,761 883 8,519 5,530 327 17,020
4 43 132 1,221 67 | 0 1,463
5 267 14,079 4,495 1,137 | 739 10,717
TOTALl 2,831 9,773 | 44,955 112,319 | 1,391 71,259
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of the New Source Performance Standard (NSPS) for the storage of petroleum
liquids and then assuming existing fixed roof tanks storing products with
a volatility greater than 10.5 kPa are retrofitted with internal floating
covers. Other options such as the use of vapor recovery systems for fixed
roof tanks and double seals on external floating roof tanks were considered
beyond the scope of the study. A nationwide estimate of 1976 emissions by
petroleum liquid type stored is presented.

17. KEY WORODS AND ODCCUMENT ANALYSIS
a. QESCRIPTORS b.IDENTIFIERS/OPEN ENCED TERMS |c. CGsaTi Feld/Group
Storage Tanks Fixed Roaf Tank
NSPS for the Storage of Petroleum Liquids{ External Floating Roof
Hydrocarbon Emissions Tanks
Storage of Petroleum Liquids Internal Floating Roof
Tanks
18 2NSTIIBUT'ON STATEMENT 19. SECURITY CLASS /Thus Report) ]21 NC OF PAGES
Lo Unclassified 73
|
Unlimited 20, SECURITY CLASS | This page) 33 FAICE

Unclassified

EPA Form 2220-1 (9-73)



