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1.0 INTRODUCTION

The petroleum refining industry represents a major
potential source of hydrocarbon air emissions in the United
States. Petroleum is a natural product containing complex
- organic substances, some of which are known to be toxic. There
is little recent information on the subject of refinery hydro-
carbon emissions and even less on the quantities and identities
of potentially toxic emissions. Uncontrolled or fugitive emis-
sions result from leaks which can occur in virtually any hydro-
carbon service. These emissions require specialized technology
for measurement.

In this program Radian has performed sampling and
characterization of fugitive hydrocarbon emissions from several
refineries. The methodology is described in subsequent sec-
tions of this appendix.

The first step in designating specific sources for
sampling was the choice of refineries. A rigorous sampling
plan would include most of the refineries known to be operating
in the United States. Such a large sampling plan would be vir-
tually unmanageable as well as being cost-prohibitive. There-
fore, a number of representative refineries were selected for
sampling. Refinery age, size, and géographical location were
used as selection criteria.

Differences among refineries due to their different
geographical locations are seen primarily in the types of
hazardous materials they generate. Location influences the
quality of the crude oil processed, and the nature and rela-
tive quantities of the products manufactured. The latter
affects the severity of the operating conditions used in the



process units as well as the types of units encountered. All
of these considerations affect the by-products that result
from processing the crude, and will influence the quantities
and types of atmospheric emissions.

It was not believed that location would have a direct
effect upon rates of hydrocarbon emissions. Knowledge of the
specific chemical species involved is not necessary for classi-~
fication of overall leak rates from fugitive sources. A
possible secondary effect of location could include differences
in local regulatory philosophies.

It was decided that the location effect on hazardous
species would be investigated by sampling refineries in four
different geographical regions. These are:

L] East Coast,

. Gulf Coast,

L West Coast, and

L Middle United States (Midwest and

Mid-Continent),

Refinery Age and Size

Two of the principal parameters used in the selection
of refineries for sampling were age and size. These variables
affect such things as maintenance and degree of repair, quality
of equipment, and equipment design. Their use as independent
variables may not be entirely valid. A closer examination of
these factors is given in this section.




Age

There is no doubt that age affects the characteristics
of refinery equipment and might ultimately influence fugitive
emissions. There is some question, however, about the level at
which age becomes a significant variable. Various ages were
investigated at one of three levels of complexity: age of the
entire refinery, ages of individual process units and ages of
individual pieces of equipment.

Problems with this method exist in its application
to sampling and the utility of the data generated. Determina-
tion of the ages of various equipment pieces was difficult at
best. Turnaround and maintenance records for individual emis-
sions sources in each unit sampled were not available for the
most part.

Size

Refinery size can have an effect on such things as
the number and type of products manufactured, the number and
type of hazardous species formed, the types of units available
for sampling, the amount of effort put in on maintenance pro-
grams, and the quality of equipment purchased. The most
obvious break in these factors is between very small and large
refineries. In order to use size as some indication of com-
plexity, it was decided that a realistic cut point is 50,000
bbl/day. A range of refinery sizes above and below this size
was sampled to prevent bias toward any individual size.

Because of the definition of size, size and refinery
or process age become interdependent variables. There are not
many new refineries significantly smaller than 50,000 bbl/day.




Also, it is difficult to find many new process units in
refineries that small. Although the logical solution was to
pick hardware age as the variable, implementation would be
difficult if not impossible. Therefore, refinery age and size
was broken into three categories:

. 0ld/small,

. old/large, and

. new/large,

Large and small have been defined. O0ld means any
refinery having its oldest operating unit more than 20 years

old. New means having units no older than 20 years.

Process Units

The operating temperature and pressure were expected
to have major effects upon fugitive emissions from a source.
They are classified as choice parameters. Many combinations
of temperature and pressure can be found in refineries. For
the purposes of this program, four pressure/temperature classi-
fications were employed:

. high pressure/high temperature,

o low pressure/high temperature,

1 high pressure/low temperature, and
. low pressure/low temperature.

These terms are defined as follows:



o pressure -

high > 150 psig
low "< 150 psig, and

bl temperature -

high > 100°C,
low < 100°C.

A single unit usually did not have each size, type,
and service defined for each pPiece of hardware. The pressure/
temperature classification given to each unit reflected only
the operating conditions in its major equipment area, such as
a reactor. In some cases several units within a given category
were sampled to fill all of the required variable categories.
The choice of units was made on an individual refinery basis,
with as much diversity among units sampled as the differences
among refineries allowed. In this way, the effect of refinery
process and type on the rates and nature of emissions was
evaluated.



2.0 FUGITIVE EMISSIONS

The methods developed for detecting fugitive
hydrocarbon emissions and measuring the emission rates are
described in this section of the appendix. The procedures for
selecting random sources for inspection and measurement are
discussed.

2.1 Baggable Sources

Baggable sources have been defined as those sources
that can be completely enclosed and sealed in a manner suf-
ficient to prevent any loss of material to the atmosphere from
inside the enclosure or '"bag." These sources represent the
majority of the potential sources selected for testing at each
refinery. They include valves, flanges, pump seals, compressor
seals, drains and relief deviges.

2.1.1 Baggable Sources Selection

This section details the procedures by which indivi-
dual fugitive sources were selected for sampling. Selection
criteria are given for choosing the refineries visited and
units sampled. The important variables affecting baggable and
nonbaggable sources are presented and discussed.

In evaluating all the possible variables which could
affect fugitive emissions from refineries, it was useful to
categorize these variables into choice parameters and corre-
lating parameters. A choice parameter is defined as a variable
that 1s expected to directly affect fugitive emissions in such
a way that it should be set up as a category in planning the



number of samples" taken. Establishing a good set of choice
parameters insures a statistically accurate sample,

All other factors which were thought to affect the
level of fugitive emissions were used as correlating parameters,
Pertinent information on each source sampled was recorded
during field testing.

Baggable Source Selection - Important Variables

Variables thought to affect the fugitive emissions
from baggable sources were classified into choice and corre-
lating parameters. The variables were further defined accord-
ing to availability and usefulness. Availability was deter-
mined from the degree of difficulty expected when obtaining
the necessary data in the field. Some information, such as
pressure or temperature, is readily available. Other facts,
such as age of valve packing, might be unavailable.

The final usefulness of a variable in the computa-
tion of the fugitive emissions from a refinery was also con-
sidered. Some important variables were not categorized for
sampling because of their lack of ultimate usefulness. For
example, using the age of some equipment as a parameter may
not be very useful. Most refiners do not know the age of valve
packing or flange gaskets, for example.

The variables chosen for each type of fitting con-
sisted of the characteristics of the fluid within the fitting
and the physical characteristics of the fitting itself. Choice
parameters were defined as variables that might directly affect

fugitive emissions and were used in selecting the source




distribution. The choice parameters used for each fitting type
are listed in Table A2-1 and discussed further below.

Valves

Valves are potentially the most significant source of
fugitive emissions in the modern refinery because of their
number. While individual leaks may be quite small, the cumu-
lative amount can be very high. There are many factors such
as valve construction, operating conditions, and fluid proper-
ties which may affect the magnitude of atmospheric emissions
from any given valve.

A distinction is made between in-line and open-end
valves. Most refinery valves are in closed piping systems. In
this situation, leakage around the valve seat would not enter
the atmosphere. The piping downstream of some valves is open
to the atmosphere, however. -Examples of these are sample and
drain valves. Almost all sample and drain valves handle low-
temperature material, most are gate valves, most are installed
in pipes having diameters under four inches, and they are used
in block service. No further variable breakdown is needed to
describe these services.

More variables are required to characterize in-line
valves. Atmospheric emissions can occur at three points in
these valves:

. valve stem seals,
. valve bonnet seals, and
. valve end seals.



TABLE A2-1. RANGE OF CHOICE VARIABLES FOR SCREENED BAGGABLE
SOURCES

Baggable Source

Choice Variable

Variable Ranges Found
for Screened Sources

Valves

Flanges

Pump Seals

Compressor Seals

Drains

Relief Valves

Pressure
Temperature
Fluid State
Service
Function
Size

Pressure
Temperature
Fluid State
Service

Size

Pressure
Temperature
Capacity
Shaft Motion
Seal Type
Liquid RVP

Pressure
Temperature

Shaft Motion

Seal Type
Lubrication Method
Capacity

Service

Pressure
Temperature
Fluid

-10 - 3,000 psig

=190 - 925°F

Gas, Liquid, 2-phase
In-line, Open-ended

Block, Throttling, Control
0.5 - 36 inches

-14 - 3,000 psig

-30 - 950°F

Gas, Liquid, 2-phase

Pipe, Exchanger, Vessel,
Orifice

1 - 54 dinches

0 - 3,090 psig

0 - 800°F

0 - 100,000 gpm

Centrifugal, Reciprocating
Mechanical Seal, packed seal
Complete range

0 - 3,000 psig

40 - 300°F

Centrifugal, reciprocating
Packed, labyrinth, mechanical
Hydrocarbon lubricant

0.06 - 66.0 MMSCFD

Active, Wash-up

0 - 1,350 psig
40 - 1,100°F
Gas, Liquid




The valve stem seal is the primary source, since it must seal
against a moving stem. There are several varieties of bonnet
seals, but most refinery valves have a flanged bonnet seal.
These should leak less than stem seals since the seal assembly
is stationary. Valve end seals are made where the valve is
fastened to the adjacent piping. Most refinery valves have
flanged ends. These were sampled as flanges, and therefore
will be discussed in a later section.

The factors selected as choice parameters are
basically the same as those used on other fittings, i.e., size,
operating conditions (temperature, pressure), and fluid phase.
These are easily determined before sampling. One further
choice parameter was applied uniquely to valves, that being
valve function. Each valve was classed as a block valve or a
throttling valve. Throttling valves were normal hand valves or
automatically operated control valves. This parameter reflects
the effects of frequency of operation and type of stem movement.

Flanges

Flanges are the most common refinery example of the
larger set of pipe and vessel joints, which also include
threaded fittings and welds. Threaded fittings are limited to
small diameter low-pressure service, and thus are not a sig-
nificant portion of the refinery joint population. Welds are
almost as common as flanges, but are much less prone to leakage.
Welds are generally pressure-tested before being put into
service, and repaired if necessary. Once in service, the weld
1s nearly as strong as the piping itself. A leak can result
from corrosion or erosion of the weld, but such a leak will
enlarge itself rapidly and become noticeable to unit personnel.
Failure of a weld in this manner is very serious. It would
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usually require immediate attention, because when one weld
fails, all others and the line itself become suspect. The
safety hazard dictates corrective action more strongly than
the pollution aspect. Therefore, no general program of weld
testing was conducted.

The flanges tested were divided into 16 categories,
depending on the interaction of three variables. These vari-
ables are:

b size,
L] fluid state (gas/liquid), and
o operating conditions (pressure/temperature) .

The size of the flange was expected to be directly
related to the potential emissions because the effective seal
length is a function of the size. A variety of flange diame-
ters from two inches to four feet or more were tested to
quantify the leak rate/flange size relationship.

The fluid state has an obvious effect on the tendency
to leak. If a gap exists between the gasket and the flange
faces, the properties of the fluid within and the operating
conditions will determine the leak rate. The most obvious
division of fluid properties is into liquid or gas. Some
materials are transported under pressure as a liquid, but
emerge from a leak as a gas at ambient conditions. By
definition, the state inside the line was considered as the
characteristic state.

The operating conditions considered when categorizing
flanges were represented by the four pressure/temperature com-
binations described earlier:

11




. high pressure/high temperature,

° high pressure/low temperature,
L low pressure/high temperature, and
. low pressure/low temperature.

These four rough categories served as a choice parameter to

insure a statistically valid distribution.

Flanges connecting end pieces to vessels and heat
exchangers are generally larger than typical in-line flanges.
A separate flange category was established for vessel/exchanger/
air-cooler flanges. Within this category of special service
flanges, the choice variables were pressure/temperature cate-
gory and gas/liquid service.

Pump and Compressor Seals

Pumps and compressors contribute significantly to the
overall fugitive emissions problems because of leakage around
the shaft seals. Pumps and compressors in refinery service
utilize two basic types of seals, packed and mechanical. How-
ever, the designs of pump and compressor seals differ because
of the difference in the fluids they handle. Pumps and com-~
pressors will be individually discussed below.

Pumps
Choice variables for pumps are listed below:

e pressure/temperature,

L size (capacity),

12




o shaft direction/seal type, and

° Reid vapor pressure.

The four combinations of pressure and temperature
(P/T) were used as described previously., These operating con-
ditions affect many other areas such as seal type, method of
lubrication, and cooling methods. Several pumps can be found
for each P/T combination in almost every refinery,

Pump capacity is generally an indicator of shaft
size. The latter is the more important variable, but the
shaft sizes of every pump in a refinery may not be readily
available. Pump capacity better meets the three choice

criteria:

. significance,
® availability, -and
o usefulness.

Shaft direction/seal type is very significant as a
choice parameter. Information about pump types is both avail-
able and easily used. The L.A. County Study® found that dif-
ferences in the relative numbers of seals in each category
(mechanical > packed/centrifugal > packed reciprocating) were
compensated for by the average leak rates (packed/reciprocating
> packed/centrifugal > mechanical) so that each category con-
tributed about equally to the total quantity of hydrocarbon
emissions.

The final significant choice variable is fluid prop-

erties. Highly volatile hydrocarbons were found to contribute
70 percent of the fugitive pump emissions in L.A. County; ®
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theréfore, it was decided to take fluid properties into account
in this study. The Reid Vapor Pressure (RVP) designations used
in that study were changed to < 1.5 lbs RVP, 1.5-10.5 lbs RVP,
and > 10.5 1lbs RVP. This prevents gasoline and jet fuel from
being grouped into the same volatility category as the heavier
products.

Compressors

Choice parameters for compressor seals include pres-
sure, temperature, shaft motion, seal type, lubrication method
and capacity. The method of lubricating packed seals is an
important consideration. Packed seals without external liquid
lubrication will allow leakage of light hydrocarbons. Lubri-
cated seals will primarily leak heavy liquid hydrocarbons.
Mechanical seals usually require a lubricating/sealing fluid.

The types of shaft seals used in centrifugal compres-
sors could affect emissions because both types of packed seals
are used in similar service, as are both types of mechanical
seals.

Pressure-Relief Devices

Pressure, temperature, and fluid phase were selected
as choice parameters for pressure-relief devices. Temperature
and pressure of operation should affect the rate of emission
from pressure-relief devices. Higher pressures and tempera-
tures will provide greater driving forces for leakage. The
same four pressure/temperature categories described previously
were retained here with the exception of the LP/LT category.
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Pressure-relief valves are generally used in liquid
service; they open in proportion to the pressure applied to
them. Safety valves are used in gas service and pop fully open
when the set pressure is exceeded. Thus, the type of valve
operation is included in fluid state variables.

Process Unit Drains

Process drains are found in every operating unit in
a refinery. The nature of the emissions from the drains is
dependent on the hydrocarbons handled by the unit. Drains can
be classified as active and wash-up types. The nature of the
hydrocarbons handled by the unit, and the drain type, form the
Principal choice criteria. Both active and wash-up drains can
be found in most refinery processes. There are more active
drains than wash-up, however. Therefore, sampling drains in a
representative number of the process units chosen for testing
allows both choice criteria to be met.

Site Specific Sampling Plan

Structured flexibility formed the tone of the sampling
plan. The structure assured that all needed measurement and
analysis requirements were efficiently covered. Flexibility
was maintained within a procedural framework to apply what was
learned toward subsequent sampling and analysis.

The sampling plan structure consisted of outlining
detailed procedures before sampling began. This included:

4 identification of process units to be
sampled,

15



. idéntification of number and type of
fittings within units,

. specifying choice and correlating
variables, and

o developing forms for recording screening,
sampling, variables, and analysis results.

Each site-specific sampling plan reflected modifications due
to what had been learmed at previocus refineries.

Baggable Source Selection - Field Selection

This section of the report contains a description of
the techniques used in the field to preselect baggable fugitive
emissions sources.

The preselection methods given in this section were
used at the first nine refineries studied during the program.
The preselection methods used in the latter refineries are
given on page 24 of the report.

The primary goals of the preselection process were to
obtain:

. a statistically unbiased set of fittings,

selected in a random manner, and

. a wide range of correlating parameters
or process conditions for each set of
selected fittings,

16




The initial steps of the selection process were
carried out prior to the start of field sampling. These steps
included the selection of refineries and individual process
units to be sampled, and the development of a format for the
selection of individual sources.

The selection of individual baggable sources was done
using piping and instrumentation diagrams or porcess flow
diagrams supplied by the refiner. The approximate number of
sources selected at each refinery was:

Valves 250 - 300
Flanges 100 - 750
Pumps 100 - 125
Compressors 10 - 20
Drains _ 20 - 40

Relief Devices 20 - 40

Selecting fittings from the process flow diagrams
gave two important benefits. First, this method eliminated any
bias which might have resulted had these fittings been selected
in the field. That is, fittings which could be determined to
be leaking by observation were not selected preferentially over
nonleaking fittings or vice versa. Second, a wide variation in
process conditions was desired. Using basic knowledge of the
process operation, it was possible to distribute the allotted
fittings such that a wide range in the values of variables
thought to affect the emissions rate was obtained.

The selection method used in the field is detailed
below for each type of baggable fitting.
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Valve Selection

The most difficult choice parameter to select was the
valve size. In most cases, a complete range of valve sizes was
not present in an individual process unit. However, since many
of the same process units were chosen in several refineries, an
exact distribution within each individual unit was not con-
sidered essential.

In general, all of the different hydrocarbon streams
within the process unit were incorporated into the valve selec-

tion process. When there was more than one valve for each
process stream (as was most always the case), valves were

selected to give a variety of temperature/pressure combi-

nations for each process stream.

The selection of valves within each process unit was
based on a format of the type illustrated in Figure AZ2-1. 1In
general, the number of valves allotted to each final grouping
was based roughly on the proportion of valves in the process
unit corresponding to that grouping. For example, a larger
fraction of the valves would be assigned to the gas/vapor
groups in a gas processing unit than in a lube oil processing
unit.

Pumgs

Approximately 100 - 125 pumps were selected at each
refinery. These pumps were distributed in proportion to the
total number of pumps in each of the inspected process units.
The selection of individual pumps was based on obtaining a wide
distribution in process stream type, temperature, and pressure,
although the pump sizes and physical characteristics were also
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Organization of Typical Number of
Choice Variables Allotted Valves

Pr:ii::tggit —— In Line Valves

Gas/Vapor Service

\\\Control Valves
\\Size
AL 1
4 - 8"
> /" 1

Block Valves

Size
< 4" 2
4~ g" 4
> 8” 2

Liquid Service

\\‘Controi'Valves

\\\Size
< 4" 3
4 - 8" 3
> 8" 3

Block Valves

\Size
< 4" 7
4 - 8" 7
> 8" 7

Drain Valves
Sample Valves

Open Ended Valves 1
1
44

Figure A2-1. Typical Valve Selection Format
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considered. In addition, many spare pumps, (that is, pumps
that were not running) were also selected. These are usually
under pressure and were found to be sources of emissions.

Compressors

The number of compressors in hydrocarbon service in a
refinery is not large. Since compressors tend to leak at rela-
tively high rates, all compressors in hydrocarbon service were
selected. Compressors in hydrogen service were also selected
since recycle hydrogen and other impure hydrogen streams con-
tain hydrocarbons and other gases. Virtually all compressors
in the selected refineries were screened.

Pressure Relief Devices

Pressure relief devices were selected from process
flow diagrams and by visual selection in the field. Only those
devices which vented to the atmosphere were selected.

The choice parameters for pressure relief devices
included temperature, pressure, and fluid type, that is, gas
or liquid service. The number of liquid service relief devices
which vented to the atmosphere, however, was very low.

Flanges

Flanges were selected in a manner similar to valves
according to the format given in Figure A2-2. Again, a dis-
tribution in process stream type, temperature, and pressure
was obtained.
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Organization of Typical Number of
Choice Variables Allotted Flanges

Selected

Process Unit Gas/Vapor Service

Size
< 6" 2
> 6" 3
Liquid Service
Size
< 6" 5
> 6” 5

Special Service . .
Orifice Flanges
Exchanger Flanges

Vessel Flanges

'—J
mha =

Figure A2-2. Typical Flange Selection Format
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Many flanges listed in the data base were selected
in this manner. In some refineries, additional flanges were
selected to increase the size of the data base. These flanges
included primarily those associated with selected valves.

Drains

Two types of drains were inspected during the program.
These included active drains (those used to drain various pro-
cess streams) and washup drains. Although the location of
active drains was not usually indicated on the process flow
diagrams, they were still selected prior to entering the unit,
This was accomplished by selected drains associated with pumps,
towers, vessels, and other processing equipment. The location
of washup drains, however, could not be predicted and these
drains were visually and randomly selected after entering the
process unit.

Source Tagging

After the preselection pProcess was completed, the
fittings chosen for study were located and tagged for identifi-
cation. Selections which proved to.be nonexistent or physi-
cally inaccessible were reselected from the process flow
diagrams. Each fitting was then screened with a portable
hydrocarbon detector, as discussed in the following section,
to determine if sampling was required.

Source Selection - Effect of Maintenance on Valves

At several refineries the effect on emissions of
simple valve maintenance was studied. Maintenance studies on
emissions from pump seals were planned, but none were done.
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Difficulties were encountered in locating leaking pump seals in
the proper leak rate categories. In addition some pumps that
were found to be leaking could not be adequately isolated for
seal replacement. In some cases, there were no spare pumps
available to replace the leaking pump. In other cases, it was
felt that the time required and the cost incurred for seal
replacement was not justified by the size of the leak.

To evaluate control technologies for reducing fugi-
tive emissions from valves and to develop parameters for "off-
set' analyses using valve maintenance pfograms, data on the
effectiveness of various types of maintenance activities are
needed. In the last four sampled refineries, efforts were
directed toward this aspect of the program.

The maintenance on valves included:

* simple adjustment/tightening of the
packing gland, and

L4 injection of grease into the packing
area, if this is practiced by the

refinery.

Additionally, some valves were monitored for extended time
periods to determine:

® the effectiveness of valve maintenanace
over an extended period of time,

L] the increase in emission rates for

unmaintained valves, and
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o the frequency of routine maintenance
required to maintain selected emission
reductions.

The number of valves required to make the above eval-
uations can be limited through selective experimental design.
The wide variation in leak rates between valves can be circum-
vented by using paired measurement schemes for maintenance
evaluations. Only valves with particular selected leak rates
were studied.

The factors that were considered in selecting wvalves
for the maintenance study were:

. Process stream group (gas/vapor
streams, light and two-phase streams,
and heavy liquid streams).

L Valve type (block/gate, block/other,
control/globe, control/other).

. Leak rate or screening value range
(500 - 5000 ppm screening value,
5001 - 50,000 ppm screening value,
and > 50,000 ppm screening value).

In addition, data were collected on all of the parameters
normally included in the program,

A total of 28 valves were proposed for study at each
refinery. The distribution of these valves is shown in Table
A2-2,
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TABLE A2-2. DISTRIBUTION OF VALVES SELECTED FOR MAINTENANCE
STUDY IN EACH REFINERY

2

Valve Selection Categories® by
Screening Values
.Low Medium High
(500~ (5001- (= 50,000 Total
Process Stream Valve 5,000 50,000 pPpm) X's
Group Type! ppm) ppm)
I Gas~Vapor BG X0 X0 O X0
Streams BO 0 X X 10
CG X X x 0O
CcoO 0 X X
II Light Liquid & BG X0 X0 xo O
Gas-Liquid BO 0 X X 10
Streams CG X 0O X X
co 0 x 4 X
III Kerosine BG X X X
& Heavier BO 0 X 0 8
Streams CG X . x O X
co 0 0
Total X's 6 12 10 28

lyalve Type: BG = Gate valves in block (on/off) service.

BO = Types of valves, other than gate valves, in block service.
CG = Globe valves in control (throttling) service.
CO = Types of valves, other than globe valves, in control

service.

*Valve Selection Criteria:

X = Valve should be maintained in this proces stream group
and screening value category.

0 = Alternate choice of valve process stream group and
screening value category if all "X" selections cannot
be found.

0O = Valve in this stream group and screening value category
should be selected for leak rate measurement, but no
valve maintenance is to be performed.
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The following procedure was used for determining the
effects and efficiencies of the maintenance practices on various
types of wvalves.

. The required valves were found by
screening with portable hydrocarbon
detectors.

e Complete variable information was

recorded for each selected valve.
o Each valve was rescreened and sampled,
o Routine type maintenance was performed

on the valve (tighten packing gland,
add grease, etc.).

L The valve was then rescreened and
sampled,
] Selected valves were rescreened for

several days,

The screening and sampling procedures are described
in following sections of the appendix. The maintenance that
was performed was defined as 'directed" or "undirected."
Directed maintenance involves simultaneous maintenarnce and
screening of the source with a hydrocarbon detector. Mainte-
nance activities are continued until no further reduction in
hydrocarbon concentration can be achieved. Undirected mainte-
nance consisted of the normal maintenance procedures without any
hydrocarbon concentration monitoring during the activity.
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Whenever possible, each maintained source was
rescreened several times during a period of one to two weeks
immediately following the maintenance. The purpose of this
activity was to get an indication of the short-term effective-
ness of directed and undirected maintenance.

Arrangements were made at some refineries to obtain
some data regarding the long-term effects of maintenance on the
reduction of emissions. In these cases, refinery personnel
agreed to monitor selected maintained valves at intervals of
one week to one month for a period of six months.

As part of the experimental study, quality control
procedures were implemented. These generally consisted of
replicate and multiple source screening, replicate source
sampling, accuracy testing of the sampling train, frequent
calibration checks, and frequent analysis of standard gases
in the laboratory. .

2.1.2 Screening

In order to minimize the number of sources which were
bagged, a preliminary screening was carried out to determine
the need for sampling. Those sources which were found to have
screening values above 200 ppm were selected for possible emis-
sions sampling. When it was determined that the leaks were
absent, sampling was not done. As the data base was expanded,
the screening value limit of 200 ppmv was found to correspond
to a leak rate in the order of 0.0001 pound per hour.

All the choice and correlating variables were
recorded, however, for all sources that were screened. The
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values were recorded on formatted data sheets. Examples of
these data sheets are shown in Figures A2-3 through A2-8.

New selection criteria were instituted during testing
activities at the fifth refinery. The data base was developed
to the point where leak rates of some sources could be estimated
from the screening values. Thus, some of the sources with low
screening values were not sampled, Instead, their leak rates

were estimated from their screening values.

There are several techniques that have historically
been used to screen potential sources in the baggable classi-
fication for leaks. These include visual observation of vapor
leaks, visual observation of liquid leaks or buildup of residue,
and spraying with soap solution. These methods are commonly
used in refineries as a means of identifying those equipment
items in need of maintenance, repair, or replacement. All
these methods are qualitative, however,

Many, if not the majority, of potential baggable
emission sources have skin temperatures above 100°C. Above
this temperature, the technique of spraying soap solution is
unusable, since it vaporizes on the hot source. Any bubbles
created by leaking vapors are indistinguishable from those
created by the vaporizing solution.

In Radian's experience in screening these sources,
significant leakage has been measured where none of the visual
methods indicated a leak. For this reason, a more accurate
indicator of leak rate was required to adequately identify
those selected sources that require bagging.
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1. Radian ID#| vV A 2. Uait
1 a

3. Refinery 1D#

VARIABLES :
4. Pressure, psig 10. Age, yrs l:;
! 11 12 I - {a/ouc 23
5. Temperaturs, °F 11. Stem movement|® - rocacion
G ~ combication
13 14 15 18 25
6. Gas or liquid (G, L) DIZ. Manufacturer , ] l
17 26 27
7. Line size, in l, |13. Matls of const
18 19 2§ 29
8. Block or comtrol (B, C) Dlé. In=line/Open-ended (1/0) D
20 30
g;\ ~ gaca; ML - plug Y - nooa
- L h - aphra : 3=-1
9. Valve type|d - :t::m_,f;: Pasdtipm 15. Vibration(y I e
AN - angle; W - ran 21 22 4 - heavy 31
16. Open/Closed (0/¢) D
32
17. Flow/Ne-Flow (F/N) D
"33
PROCESS FLUID DESCRIPTION:
18. Name 1 \ L I L ) L P
34 35 36 37 38 30 40 41 42 43
SCREENING DATA:
19. Date [
'y A 1 A L
44 45 48 47 48 49
20. Screening Team E / 21. Stem TLV readings
© 50 51
22, Packing gland TLV 23. Stem & gland, max 'I’I..V[ , j

52 53 54 55 35 57
24, Liquid leak? (Y, N) D
58

Remarks:

Figure A2-3. Data Sheet - Valves
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1. Radian ID#| P | ] 2. vae
1 2 3 4 § 6 7 & Nate: Space 5 should be seal identification
3. Refinery ID# letter (A,B,C etc.). Use same ID on
sampling sheet,
I - Inboard In-Service/Out of Service (I/8)
# - Outboard
[ 10
VARIABLES:
¥ - no quench gland
4. Discharge pressure, psig 11. Gland type %7 otl qunen [:]
17 12 13 1% ' 38
5. Temperature, °F m 12. Single or double (§, D) D
) 3 17 18 37
6. Pump/seal type [é'#:i::::ii::ﬁi:‘;t.ﬂ l:! 13. Shaft diameter, in E
1P o medplpacked 79 20 3839
7. RPM or strokes PM \ , \ , 14. Age, yrs l:’
21 22 23 24 25 40 41
B, Stroke length (Recip, in) 15, Manufacturer [:::::]
26 27 28 29 42 43
9. Capacity, GPM ]16. Mtls of constr

} L L 1
- 30 .31 32 33 34
P - product leskage

Seal/lubet’ - water

W = hydrocarbeu ].ubﬂnnJ

10.

-

Horizontal or vertical (H, V)

»
>
B
Iy

L]

IS
n

PROCESS FLUID DESCRIPTION:

18, Name L

_ Y A 1 R L [ 1 ]
47 48 43 50 51 52 53 54 55 96

SCREENING DATA:

19. Date of screening

A 1 1 4 L
T 58 59 60 61 62

21. Max TLV

A — | 1 L 1
665 686 67 68 €9 70
23. TLV data

| 20.

72L

Screening team

Liquid leak? (Y, N)

#

53 64

[

71

Remarks:

Figure A2-4,
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2 L 1 x L ek, 1

1. Radian ID# | cC 9 2. Unit
1

3. Refinery ID

VARTABLES:
] -~ mo qoanch gland
4. Discharge pressure, psig !:]11_ Gland typer"’“ quaach

V ~ vatar qumich

9 10 11 12
5. Temperature, °F :]12. Single or double (5, D)

13 14 15 16
/P = rmcip/packad
6. Comp/seal type|y: missins/lsbreiach [:,13. Shaft diameter, in
R/M - rocating/wech. 17 18
/G - rocacing/liquid

o

LA
o
@
~j

14, Age, yrs

0
)
4D

7. RPM or strokes PM [ L ]
19 20 21 22 23

8, Stroke length (Recip, in.) [:,15- Hanufacturer
24 25 76 27

9. Capacity, MMSCFD 16. Mtls of constr

i

s
(=]
F'S
-

]

s
LM
~
(&)

28 29 30 31_32 5
r - wet la .
10. Seal/lubefw: smeer *® 17. Cylinder loading, E
K - hydeocarbon lubricase - 53 44 45 46

18. In-Service/Out-of-Service (1/¢)

1]

PROCESS FLUID DESCRIPTION:

18. Name

N 1 L 1 | i n
48748 50 l51 52 l5:3 54 55 58 &7
Brief description

SCREENING DATA:

19. Date of screening I_J . 3:’ 20. Screening team :I
58 59 60 &1 62 & 64 &5

21, Max TLV [ | 22. Liquid lesk? (¥, W) [:]
72

96 57 68 60 7077
23. TLV readings

Remarks:

Figure A2-5. Data Sheet - Compressor Seal
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1. Radian ID# . ) R,V ) 2, Unit
1 2 3 4 ] -] 7 8

3. Refinery ID#

VARIABLES :

4. Pressyre, psig - @ 7. Line size, in l N I
g 10 11 12 18 19

5. Temperature, °F :’ 8. Single or double (8, D)
13 14 15 186

18]

6. Gas or liquid (G, L) D 9. Vented[} ™= xmowners
cs flacw
17 21
PROCESS DESCRIPTION:
10. Name | |
T 22 23 24 25 26 27 28 29 30 31

SCREENING DATA (Only for atmospheric-vented valves):
11. Date of screening l . ]lZ. Screening team !:] )

32 33 34 35 38 37 38 398
13. TLV readings
14, Max TLV [ [15. Liquid leak? (Y, W)

i 1 1 1 1
40 41 42 43 %4 35 )

Remarks:

Figure A2-6. Data Sheet - Relief Valve
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1. Radian ID# 2, Unit
1 2 3 4 H 6 7 8
3. Refinery ID#

VARIABLES:
A - alr caolerw
4, Pressure, psig :: 9. Special service|o - aeifice 3lace D
5 R EEF] ¥ - vmasal/axen, F¥]
5. Temperature, °F 10. Age, yrs Q
13 14 15 18 4
6. Gas or liquid (G, L) D 11. Mts. of const.[g::::;:‘;] l:]
. 17 25 28
7. Line size, in 12, Manufacturer E
. 13 19 27 28
WE - wvald
8. Type |t thiewisd 13. Gasket mtl [:::::]
+ ralsed face
L Floatisd paed 20 23 - aone i3 30
tube sheet 14, Vibracion[s - slians ] D
M = maderaca
H = neavy 31

PROCESS FLUID DESCRIPTION: |

15 * Name i 1 1 1 o A1 A I
32 33 34 35 36 37 36 35 40 41

SCREENING DATA:

16. Date of screening ) . j 17. Screening team [: /

L i 1
42 43 44 45 45 47 48 49

18. Liquid leak (Y, N) [::]
56
19. TLV readings
20. Max TLV ( |

1 1 L X
57 52 535 5% 55 58

Remarks:

Figure A2-7. Data Sheet - Flange or Weld
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1. Radian ID# |
12 3 4 ] 8 7 3

2, Unit 3. Refinery ID#

VARIABLES:
4. Active or wash-up? (A, N) D
9

5. Visible vapor emission? (Y, N)

6. Temperature of input, °F [

7. Ractangular or circular openimg? (R, C)

16 -
8. Diameter if eircular (in.) ] \ . .

16 17 13 18

- 9. Length if recgangular (im.)

7027 37 73
10. Width if rectangular (im.) [, ,
24 2536 27

DESCRIPTION OF INFUT TO DRAIN:

11. Na.‘xne[ ,

1 L ! L | 1 . !
28 29 30 31 32 33 34 3% 35 37

SCREENING DATA:

12. Date of scraening[ , | ! L !
38 39 40 41 42 43

13. Sc¢reening team

44 45
14, Max TLV r |

n } ] 1 1
48 AT 48 49 50 §1

15. TLV raadings.

Remarks:

Figure A2-8. Data Sheet - Unit Drain
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Instrumentation

A Bacharach Instrument Company J-W Model TLV Sniffer
has been found to be useful for the screening of baggable
sources. This instrument utilizes a catalytic combustion
detector to measure low concentrations of flammable wvapors.

It can detect hydrocarbon concentrations as low as 1.0 ppm.
Three concentration scales, 0 - 100 ppm, 0- 1,000 ppm, and
0-10,000 ppm, are built into this instrument. A dilution
pProbe was used when the TLV readings exceeded 10,000 ppm which
allowed readings of up to 100,000 ppm. The instrument meter
displays the result as ppm hexane by volume when calibrated
with hexane. It is battery operated, self-contained, compact
and portable. The instrument performance has been very

satisfactory.

A second instrument used to screen for hydrocarbon
emissions was the Century Instrument Company Organic Vapor
Analyzer (Model OVA-108). This instrument utilized a flame
ionization detector to measure hydrocarbon concentrations. The
role of the OVA was limited to obtaining original screening
values only. When leaking sources were identified, they were
rescreened with the TLV Sniffer when the source was sampled.

Recommended Calibration Procedure for the TLV Sniffer

Each of the concentration ranges on the TLV Sniffer
must be calibrated separately. This requires different hexane-
air standards. The recommended concentrations for each of
these standards are given below:
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|
TABLE A2-3. TLV CALIBRATION STANDARDS

Recommended Calibration

Standard Concentration;

Concentration Range on TLV ppmv hexane in air
0 - 100 ppmv range (x 1) Nome?
0 - 1,000 ppmv range (x 10) 200-900 ppmv hexane
0 - 10,000 ppmv range (x 100) 2,000-5,000 ppmv hexane

21t was not felt necessary to calibrate this low range since 200 ppm was
the cut-off point for sampling.

) Teflon or Tedlar sample bags were used during the
calibration procedure. Each bag was labeled with the concen-
tration of the assigned standard gas. The bags were not filled
with any gas, other than the assigned standard.

The step-by-step procedure for calibrating the TLV
is given below. The calibration was done at the beginning of
each day the TLV was used.

(1) Clean the sample probe and hose with
methylene chloride. Dirt or other
accumulation in these areas can have
a pronounced effect on the concentra-
tion reading, particularly in the
dilution probe mode. Residual methylene
chloride can be removed more quickly by
blowing air through the probe and hose.

(2) Turn cn the TLV and check the battery

charge level. Allow 10 minutes warm-up
time before starting the calibration.
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Remove the plastic casing from the TLV
and locate the three small adjustment
screws, These are labeled x1, x10, and
x100, corresponding to the concentration
ranges indicated on the mode selector
switch.

Place the instrument in an upright posi-
tion. Changing the position of the
instrument will affect the distribution
of heat in the catalytic element and
change the meter reading.

Each of the concentration scales must be calibrated indepen-
dently. Hence, the following steps (5 through 9) should be
performed for one of the concentration scales and then repeated
for each of the others. Also, make sure that the dilution air
intake holes in the dilution probe are completely covered by

the black rubber ring during the entire calibration procedure.

(5) Flush the calibration bag by filling it
with the appropriate gas standard. Then,
compress the bag to remove as much gas
as possible. Repeat this procedure twice.

(6) Fill the sample bag with calibration gas.

(7) Attach a small length of rubber tubing to
one of the valves on the bag. Manually
pinch off the tubing and open the valve by
spinning the bag. Place the end of the
rubber tubing over the TLV probe and allow
the standard gas to enter the TLV for about
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10" seconds. Pinch off the rubber
tubing and remove the rubber tube
from the probe.

(8) While keeping the tube clamped, wait
till the meter reading has stabilized.
Zero the meter on the appropriate
scale using the fine and/or coarse
adjustment controls.

(9) After zeroing the meter, allow more
standard gas to enter the TLV. The
bag should hang freely from the end
of the probe, i.e., no external pres-
sure should be applied on the bag. Turn
the appropriate adjustment screw until
the meter reading corresponds to the
concentration of the standard gas. If
a substantial adjustment is required,
it will be mnecessary to rezero the meter

and repeat the calibration (steps 8 and
9).

The probe can also function as a dilution probe.
This extends the range of the TLV from 10,000 ppm to 100,000
ppm. To operate the dilution probe, the black rubber washer
is pulled back to expose the dilution air intake holes. In
this mode, the meter will read a concentration which is
approximately one-tenth of the actual concentration.

This dilution factor can be verified by reading the
high-range (x100) gas standard with the meter zeroed on the
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mid-range (x10) scale. The dilution factor is calculated as
follows:

pmv, calibration gas o
ppmv, meéter reading

Dilution factor = & 10

All subsequent screening results are multiplied by the dilution
factor obtained here.

Preparation for Screening

The following equipment was included in the field
screening gear:

o Recording equipment, notebook, data
sheets, pens, etc.

® TLV Sniffer, hose, and dilution probe,

° Extra cotton filters, pipe cleaners,
and paper towels.

o Knapsack or similar for carrying equip-
ment to elevated sources.

In order to insure that all screening results are
obtained on an equivalent basis, the following procedures
are recommended.

° The battery pack should be fully
recharged before the start of screen-
ing. Generally, an overnight charge is
sufficient to provide eight hours of

continuous screening time.
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The TLV Sniffer and the dilution probe
should be calibrated before the start
of each sampling day.

Ten minutes warm-up should be allowed

before screening.

The meter (x1 scale) should be zeroced
before screening each source. The meter
can be zeroed in any open area since
ambient hydrocarbon readings are usually
quite low.

The small orifice in the dilution probe
should be free of dirt or other accumu-
lation. When a source is encountered
which requires the use of the probe in
the dilution mode, the dilution orifice
should be inspected. In addition, the
small diameter extension and the cotton
filter chamber sections cf the probe
should be inspected and cleaned frequently.
If the cotton filter gets wet, it should
be replaced.

Screening should always be done with the
meter in an upright position, as the meter
position affects the distribution of heat
in the catalytic element.
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Common Operating Problems

There are several situations which may arise that
could cause difficulties in obtaining proper results. Some of
the more common problems are discussed below.

On some TLV Sniffers, the zeros for each of the three
concentration ranges may not coincide. If this is the case the
magnitude of the difference should be determined and screening
values adjusted accordingly. For example, assume that the
meter has been zeroed on the (k1) scale and a reading of 500
ppm 1s obtained when the meter is switched to the (x100) scale.
In this case, 500 should be subtracted from all readings taken
on the (x100) scale. Small differences from one scale to the
next, however, may be neglected.

In some cases, it may be difficult to determine
whether a meter response is due to high ambient air hydrocar-
bons or a source leak, particularly when the ambient reading
is highly variable. This problem is commonly experienced in
compressor houses or other enclosed areas. One method to
determine if the source is leaking is to place the probe at
the leak source and then remove it from the leak source. This
operation is repeated at regular intervals. If the movement
of the needle corresponds to the placement and removal of the
probe (keeping in mind the two-second time lag), the source is
probably leaking. The screening value is then determined by
subtracting the ambient reading from the measured screening
result. A variety of such situations may be encountered and a
judgment on the part of the operator may be required to obtain
a representative reading.
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Occasionally, a source may be encountered which has a
highly variable leak rate. The design of the TLV Sniffer tends
to damp these variations somewhat; however, some oscillation in
the reading may still occur. In general, the maximum sustained
reading or the maxXimum repeatable reading should be recorded.
Again, a judgment on the part of the operator may be required
to obtain a representative reading.

One further screening difficulty may arise when
screening sources which contain heavier hydrocarbon streams,
particularly on hot sources. When these valves are screened
some of the vapor tends to condense on the internal probe-
sample hose surfaces. The response of the meter is considerably
slower for these sources relative to that seen when screening
lighter hydrocarbons. And, the meter may require more time to
return to zero. When screening this type of source, the meter
should be allowed to stabilize before recording the result.

The meter should be allowed to return to about 20 percent of
the recorded wvalue before moving to the next screening point.
Prior to screening the next source, sufficient time should be
allowed for the meter to stabilize or return to zero. Often
the meter will not return completely to zero and a considerable
adjustment may be required.

Under no circumstances should the end of the probe
be placed in contact with liquid. If liquid is drawn through
the sample hose, it will damage the catalytic element. A
liquid trap, connected between the TLV Sniffer and the sample
hose, was used. This gave some protection against damage to
the element.
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Screening Procedures

The procedure used for screening with the TLV Sniffer
was quite simple. The sample probe was held as close as possi-
ble to the suspected leak source. This reduced the effect of
the wind and increased the reproducibility of the readings.

The screening procedure differed slightly for each baggable
source type as discussed below.

Valves Screening Methods

Most of the valves that were selected for screening
were either gate, globe, or control valves. Hydrocarbon leaks
from these valves occur at the stem and/or the packing gland,
as indicated in Figure A2-9. Some plug valves were also
selected. Hydrocarbon leaks from this type of valve can occur
at the plug square or under the malleable gland, as indicated
in Figure A2-10. '

Both the stem and the packing gland of selected valves
were screened. The probe locations used included the four
arbitrary compass points around the seal, relative to the valve
casing. Thus, a total of eight such readings were taken for
each valve. In addition, two more readings (one for the stem
and one for the glands) were obtained at a distance of 5 em
(using a wire extension as a guide) from the leak source. The
probe was rotated in a circular path around the leak source and
the maximum reading was recorded.

Flanges

Flanges were screened by placing the TLV Sniffer
probe at two-inch intervals around the perimeter of the flange.
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Gate, globe, and
control valves are
screened at these

two locations. Four
readings are taken at

each location.

Figure A2-9. Gatce Valves
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Figure A2-10. Plug Valves
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After locating the maximum leak point, three additional
readings were taken at the remaining compass points, relative
to the location of the maximum leak point. All four readings
were recorded.

Pump and Compressor Seals

Pump seals were screened in a manner similar to that
used for screening valves. Leakage occurs around the rotating
shaft at the point where it enters the pump housing. The
Bacharach TLV Sniffer probe was placed as close as possible to
the potential leak point around the shaft at the pump housing.
Prior to this, the instrument was zeroed at ambient conditions.
Four readings were taken at points 90 degrees apart around the
shaft. Also, the maximum readings, taken at a distance of
5> cm, were recorded. The probe was left at each point for a
minimum of 5 seconds. The detection of hydrocarbon at a con-
centration of 200 ppm at any of the four points resulted in the
pump being bagged and sampled.

Large pumps or pumps in severe services may have two
seals, an inboard seal and an outboard seal. In these cases,
each seal was screened separately.

The screening procedure for compressors depended on
the accessibility of the seal area. 1If the seal area was
accessible, the screening procedure was identical to that for
pumps. After zeroing at ambient conditions, the TLV Sniffer
probe was placed at four locations 90 degrees apart around the
shaft and right at the point where the shaft enters the com-
pressor housing. A hydrocarben concentration of 200 ppm or
more at any point indicated the need for bagging and sampling
of the seal.
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In many cases the seal area was enclosed and
hydrocarbons leaking from the seal were vented to the atmo-
sphere or to a vapor recovery system. When compressors vented
to the atmosphere were encountered, they were screened and
sampled, if necessary, at the point where the vent pipe dis-
charged to the air. The TLV probe was positioned at a point
located just inside the end of the vent.

Compressors often have more than one seal. Each seal
was individually screened and, if necessary, bagged and sampled.

Pressure-Relief Devices

Only those pressure~relief devices that are vented to
the atmosphere were screened. Those devices that are vented to
blowdown and flare systems can only leak to the atmosphere at
the connecting flanges, and these leak sources are considered
to be flanges. .

The relief wvalves were screened using the Bacharach
TLV Sniffer. After zeroing the instrument at ambient condi-
tions, the probe was placed at two-inch intervals around the
perimeter of the vent (horm) just at the exit. The probe was
also placed at the center of the vent opening at a level with
the vent exit.

When the top of the horn was inaccessible, a screen-
ing value was obtained at the weep hole, located near the
bottom of the horn. The probe was left at each location for
a minimum of five seconds. If a hydrocarbon concentration of
20 ppm was detected during this five-second period, the probe
was left in place for at least an additional five seconds. The
maximum TLV readings during the ten-second period were recorded.
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If any readings exceeded 200 ppm, the relief device was to be

sampled and bagged.
Drains

In this program, process unit drains were classified
as either active or washup drains. The screening process is
the same for both types.

The Bacharach TLV Sniffer was zeroced at ambient con-
ditions. Then the probe was placed at two-inch intervals
around the perimeter of the drain. At each of these points,
the probe was placed right at the inside edge of the drain at
the level of the exit. The probe was left in place for at
least five seconds. If, during this time period, a hydrocarbon
concentration in excess of 20 ppm is detected, the probe was
left in place for an additional five seconds. The maximum con-
centration detected in this ten-second period was recorded.

Upon completing the traverse around the perimeter of
the drain, one additional reading was taken at the center of
the drain. The maximum of the perimeter and center readings
was recorded and used as the basis for sampling decisions. If
the maximum individual value was equal to 200 ppm hydrocarbon
or greater the drain was bagged and sampled.

2.1.3 Sampling Train

The method preferred for sampling leaks from baggable
sources is the dilution or flow-through method. The sampling
trains that were used in this method are shown in Figures A2-11
and A2-12. The train was contained on a portable cart, which
could be easily pushed around the unit from source to source.
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The major equipment items in the sampling train were
the vacuum pump used to draw air through the system, and the
dry gas meter used to measure the flow rate of gas through the
train.

The vacuum pump as a 4.8 CFM Teflon-ring piston-type
equipped with a 3/4 horsepower air-driven motor. Low pressure
air (~ 100 psig) is available at or near most refinery process
units.

The dry gas meter was a Rockwell Model 1755 Test Gas
Meter with a Number 83 Test Index.

Other equipment in the trains includes Whitey valves,
copper and stainless steel tubing, Teflon hose, 100 cc glass
airtight syringe, thermometers, mercury and water manometers, a
cold trap, and an air-driven diaphragm sampling pump.

The leak source is shown as a valve in the figures.
However, the same sampling train was used for all baggable
source sampling with the flow-through technique. The size and
shape of the leak source enclosure (tent) was changed and
adjusted to fit each particular source shape and operating
condition.

When the sampling train is operating, the vacuum pump
is able to maintain a maximum flow rate of approximately two
and one-half cubic feet per minute.

Sample bags were used to collect gas samples and
transport them to the mobile laboratory for analyses. Several
types of bags were tested by Radian in the laboratory and in
the field. Most of them, including Calibrated Instrument
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Company's five-layer "snout" bags, were found to adsorb

hydrocarbons, making them unsuitable for use. Bags of 2 mil
Mylar and Tedlar plastic were constructed, and were found to
be very satisfactory. A drawing of a typical sample bag is
shown in Figure A2-13.

A cold trap was placed in the system to condense
water and heavy hydrocarbons, thus preventing condensation in
downstream lines and equipment. The cold trap was simply a
500 ml flask in an ice bath and was placed as close as possible
to the tent. This ice bath was found to be very effective in
preventing condensation in the remainder of the sampling train
and in the gas sample bag. Any organic condensate that
collected in the cold trap was measured and recorded for later
use in calculating total leak rates. The use of such a cold
trap is critical; without it, order of magnitude errors are
possible and, in some cases, probable.

2.1.4 Tent Construction

An enclosure or tent of Mylar plastic (polyethylene
terephthalate) is formed around the leak source. The thickness
of the Mylar can range from 1.5 - 15 mil depending on the type
of source being bagged. Radian has found that Mylar is well
suited to this function as it does not absorb significant
amounts of hydrocarbons, it is very tough, and it has a high
melting point (250°C). A typical tent is shown in Figure A2-14.

The enclosures were kept as small as practical. This
had several beneficial effects:

L The time required to reach equilibrium
was kept to a minimum.
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Figure A2-13, Mylar Plastic Sample Bag
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Figure A2-14. Tent Construction Around the Seal Area of
a Vertical Pump
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® The time required to construct the
enclosure was minimized.

L A more effective seal resulted from

the reduced seal area.

® Condensation of heavy hydrocarbons
inside the enclosure was minimized or
prevented due to reduced residence
time and decreased surface area avail-
able for heat transfer.

In a typical sampling operation, the tent was con-
structed around the leak source and connected by means of the
bulkhead fitting and Teflon hose to the sample train.

A separate line was connected from the tent to a
magnahelic. This allowed continuous monitoring of the pressure
ingide of the tent. If a significant vacuum existed inside the
tent when air was being pulled through, a hole was made in the
opposite side of the tent from the outlet to the sampling train.
This allowed air to enter the tent more easily and thus
reduced the vacuum in the enclosure. In practice, it was found
that only a very slight vacuum (0.1 in. H,0) was present in the
tent during most of the sampling, even in the absence of a hole
through the tent wall. Sufficient air enters around the seals
to prevent the development of a significant vacuum in the tent.

Tent construction for individual sources is discussed
below:
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Valves -

One of the most numerous of the baggable sources to
be examined in refineries was valves. Radian generally found
them to be a relatively easy source to sample.

All valves were sampled in the same general manner.
The principle difference was that a greater degree of care was
taken in sampling control valves so that there was no possi-
bility of interfering with the control valve mechanism or
operation during the sampling interval. This was not as
critical when sampling block valves, because these normally
remained in a fixed position during the sampling effort.

The most important property of the valve affecting
the type of enclosure (tent) selected for use is the metal skin
temperature existing in the area enclosed by the tent and
around which the seal is made:

At skin temperatures of 400°F or less, the valve stem
and/or stem support was wrapped with 1.5-2.0 mil Mylar plastic
and sealed at each end and at the seam with duct tape. A leak-
tight seal is not required when the flow-through method of leak
measurement is used. Indeed, it is better to allow for some
areas of incomplete sealing to provide access for air being
drawn through the tent by the vacuum pump in the sampling train.

Two bulkhead fittings are attached to the Mylar tent.
One is for the water manometer or differential pressure gauge
connection, and the other is for the line to the sampling train.
If, after starting the sampling, a vacuum > 0.5 inch of water
was found to exist in the tent, a hole was added on the side of
the tent opposite the outlet to the sampling train. This
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provided an additional entrance for the dilution air, and the
vacuum in the tent was reduced while sampling.

The Mylar tent was constructed to enclose the valve
stem seal and the packing gland seal. The bonnet flange was
not enclosed since this source was considered as a flange.

When skin temperatures in excess of 400°F were
detected on a valve which was sampled, alternate methods of
tenting the valves were used. In one method, asbestos insula-
ting tape was wrapped around all hot points which were in con-
tact with the Mylar tent material. Seals were then made
against the insulation using duct tape or adjustable metal
bands of stainless steel.

At extremely high temperatures, metal foil was
wrapped around the valve leak area. Seals were made using
adjustable metal bands in most cases. Occasionally, at
points where the shape of the equipment prevented a satis-
factory seal with metal bands, the foil was crimped against
the seal sites to make a seal. It was necessary, in some of
these instances, to use a relatively high capacity vacuum
pump to insure a constant inflow of air through all seal areas.

Mixed-phase valve leaks were handled with the same
type of enclosures described above. The leaking liquid was

collected at a purposely-formed low point in the tent. This
liquid rate was measured over the sampling period.

PumBs

As with valves, the property of most concern when
preparing to sample a pump was the metal skin temperature
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at areas or points that were in contact with the tent
material.

At skin temperatures below 400°F, Mylar plastic and
duct tape are satisfactory materials for use in constructing
a tent around a leaking pump seal. The vast majority of
centrifugal pumps in refineries have a housing or support that
connects the pump drive (or bearing housing) to the pump itself.
The two supports normally enclose about half of the area
between the pump and drive motor, leaving open areas on the
sides. It is usually a relatively simple matter to cut panels
to fit these remaining open areas. The panels were cut from
14 mil Mylar. Bulkhead fittings for the outlets to the water
manometer and sampling train were placed through one Mylar
panel and sealed. An opening (hole, bulkhead fitting) was
made in the opposing panel, if necessary, to allow easier flow
of dilution air into the enclosure around the seal.

In many horizontal pumps, there is a line from the
bottom of the lower metal support to a drain. This line serves
as a drain for coolant, sealant, and/or process liquid leaking
from the pump seal. This line (and all other lines from the
enclosure) was sealed off to avoid drawing air and hydro-
carbon vapors from the drain back up to the sealed enclosures.
If there is no liquid flowing through this drain line, it was
plugged off. If liquid was going to the drain, a short length
of hose or tubing was attached to the end of the drain line
and looped upward to form an effective liquid seal.

In the cases where the supports were absent or quite

narrow, a cylindrical enclosure around the seal was made such

that it extended from the pump housing to the motor c¢r support
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bearing. This enclosure was made completely of 14 mil Mylar,
since this thickness provided considerable strength and
rigidity.

Reciprocating pumps presented a somewhat more diffi-
cult tenting problem. If supports are present, the same type
of two-panel Mylar tent can be constructed as that for centri-
fugal pumps. In many instances, however, sufficiently large
supports are not provided, or the distance between pump and
driver is relatively long. 1In these cases, a c¢ylindrical
enclosure similar to that used for centrifugal pumps was con-
structed. It was impractical to extend this enclosure all the
way from the pump seal to the pump driver. In this case, a
seal was made around the reciprocating shaft. This can
usually be best effected by using heavy aluminum foil and
crimping it to fit closely around the shaft. The foil was
attached to the Mylar plastic of the enclosure and sealed with
duct tape. o

If the temperatures was too high or the potential
points of contact too numerous to insulate, an enclosure
made of aluminum foil was constructed. This enclosure was
sealed around the pump and bearing housing using asbestos
insulating tape.

In cases where liquid and vapors were leaking from a
pump, the enclosures described above were used. The outlet
from the tent to the sampling train was placed at the top of
the enclosure and as far away from the spraying leak as
practical. Thus, entraimment of the liquid into the sampling
train (and cold trap) was avoided. The rate of leakage of
liquid was measured by collecting it over a measured length of
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time. A low point was formed in the tent, and liquid was
collected at that point, and its volume measured.

Compressors

In general, the same types of tents that are suitable
for pumps can be directly applied to compressors. The con-
struction and application of these enclosures have been
described in the preceeding discussions of pump sampling and
will not be repeated in this section.

Compressors generally handle light gases, and in many
cases, the seals are enclosed. The seal enclosures are vented
to the atmosphere at a high-point vent or may be vented to the
blowdown/flare system.

If the seals are vented to a high-point vent, this
vent line was sampled. A Mylar bag was constructed and sealed
around the outlet of the vent and connected to the sampling
train. The leak rate from the vented compressor seals was
then measured using the normal flow-through method.

In the event that high-point vents were inaccessible,
the vent lines from the compressor seal enclosures were dis-
connected at some convenient point between the compressor and
the normal vent exit. Sampling was then done at this inter-
mediate point.

When enclosed compressor seals were vented by means
of induced draft blowers or fans, the outlet from the blower/
fan was sampled. A pitot tube was used to determine the air
flow rate. A sample of the outlet air was taken and returned
to the mobile laboratory for methane and nonmethane hydrocarbon
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analysis. Ambient air samples were taken around the compressor
seal enclosure area at the same time and were analyzed for
hydrocarbon content. The compressor seal leak rate was deter-
mined from the knowledge of air flow rate, its hydrocarbon

content, and the hydrocarbon content of the ambient air.

Flanges

All types of flanges, ranging from small-piping and
valve-bonnet flanges to very large exchanger and vessel flanges,
were sampled. In most cases, the physical configuration of
flanges lends itself well to the determination of leak rates.
For small to moderately large leaks on flanges with metal skin
temperatures up to about 400°F, a narrow section of Mylar film
was used to span the open distance between the two flange faces
of the leaking source. The Mylar was attached and sealed to
each flange with duct tape. Connections (bulkhead fittings)
for the water manometer and sample train were attached to the
Mylar.

When testing flanges with skin temperatures above
400°F, Mylar film and duct tape were not normally used. Instead,
the outside perimeter of both sides of the flange connection
was wrapped with asbestos insulating tape. Then a narrow strip
of aluminum foil was used to span the opening between the
flange faces. This narrow strip of material was sealed against
the asbestos tape using adjustable bands of stainless steel.

Relief Valves

Relief devices in gas/vapor sexrvice generally relieve
to the atmosphere through a large diameter pipe, often called

1

a "horn,'" which is normally located at a high point on the unit
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that it serves. The horns can be easily bagged by placing a
Mylar plastic bag over the opening and sealing it to the horn
with duct tape. Because of the height above grade of many of
these devices, accessibility to the sampling train was limited
or prevented. It was sometimes possible to run a long hose
from the outlet connection on the bag to the sampling train
located at grade level.

Process drains have been classified as '""active'" or
"washup'' drains. The procedure for sampling is the same for
both types.

Mylar plastic was used to tent the open top of the
drain. This was cut to fit around any of the wvarious pipes
that may extend down into the drain. The mylar was sealed
around these protuberances with duct tape. The seal around
the drain edge was made with duct tape or aluminum foil. This
seal was relatively loose to allow air to flow in around the
edge of the drain and out through the tent connection to the
sampling train.

Another connection on the drain tent was connected
to a very sensitive differential pressure guage (Magnehelic).
When the sampling train was operating, the vacuum inside the
drain tent was monitored. The vacuum was kept to a minimum to
avoid wvaporizing, and thus sampling, more material from the
drain than would ordinarily be present when the drain is open
to the atmosphere.

2.1.5 Sampling

The cold trap was connected to the tent and immersed
in an ice bath. Then the vacuum pump was started and the
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timing of the run was simultaneously initiated. The time,
pressure and temperature at the dry gas meter, and the dry gas
meter reading, were recorded. These data were recorded at 2- 10
minute intervals. Equilibrium was normally reached within five
minutes or less. Sampling was not started until equilibrium
had been established throughout the system.

The TLV Sniffer was placed in the sample train at the
exit of the vacuum pump. The instrument was used to monitor

the gas stream in order to assure that equilibrium had been
established.

To sample the gas stream, an evacuated Mylar sample
bag, which had been previously completely flushed with air for
an extended period at the mobile laboratory, was attached to a
three-way valve in the sampling line. A 500-ml air-tight gas
syringe was used to withdraw gas samples from the sampling
train. The syringe and bag weére first completely flushed with
sample gas. Then a sample was drawn very slowly (to avoid
altering the flow rate through the tent) from the system and
transferred to the bag by means of the three-way valve. This
operation was repeated until the sample bag was full (5-7

liters). Alternately, air samples were taken using a small
air-driven vacuum pump.

At the same time that this sample was being withdrawn,
an ambient air sample was taken near the tent. This air sample
was taken with a large plastic syringe and transferred to a
Mylar sample bag. The gas sample, data sheet (Figure A2-15)
and ambient air sample were taken to the mobile laboratory
for analysis. The vacuum pump was then stopped and a final set
of readings recorded. The cold trap was removed from the ice
bath, sealed, and sent to the laboratory for analysis. The tent
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was then removed from the source, and the train moved to the
next sampling point.

Baggable Sources - Procedure for Large Vapor Leaks

Radian refinery sampling experience has shown that
large vapor leaks are occasionally encountered. These leaks
are so large that very high concentrations of hydrocarbon are
found in the gas samples. Since the Byron THC Analyzer cannot
measure concentrations above 20,000 ppm, considerable dilution
of the sample was required in order to obtain a diluted gas
concentration in the proper range.

In some cases, a leak may be large enough to exceed
the capacity of the vacuum pump. This leads to a pressure
buildup in the tent and sampling train. Ultimately, leakage
around seals or rupture of the tent occurs. In any event,
erroneous results are obtained.

When large leaks are encountered, direct measurement
of the hydrocarbon vapor rate is the quickest and most reliable
method of determining the leak rate. In these cases, the
vacuum pump is disconnected from the sampling train. The gas
from the leak source is allowed to pass through the sampling
train (including the cold trap) and exit to the atmosphere
immediately downstream of the dry meter. After equilibrium has
been established, the flow rate through the dry gas meter is a
direct measure of the hydrocarbon vapor leak rate.

There are some precautions which must be taken when
applying this sampling method. Since there is a slight positive
pressure (instead of the slight vacuum obtained with the flow-
through method), the tent seal must be leak-free. The tent
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seals can be checked for leakage with socap solution (in the
case of cool sources) or the TLV Sniffer can be used to detect
leakage by passing the probe along all tent seals.

The measured quantity in this sampling method is
normally the volume of hydrocarbon leaking from the source. In
order to determine the weight of gas leaking from this source,
the composition and/or molecular weight of the gas must be
known. This can be determined from either the process infor-
mation available from the refinery or from an analysis of the
gas with a gas chromatograph. The mobile laboratory was
equipped with such an instrument.

Baggable Sources - Procedure for Liquid Leaks

For the purpose of this discussion, liquid leaks are
defined as those leaks from which only liquid is observed to
escape. This means that vapor leaks are neither observed vis-
ually nor are they indicated by TLV Sniffer readings of 200
ppm or more at the immediate point of leakage. If the liquid
was of such a volatility as to vaporize rapidly and completely
in the vicinity of the escape point, it was treated as a vapor
leak and bagged.

When a liquid leaks from a source, and some sort of
equilibrium has been established such that there is no net
accumulation at any point, there are basically only three
places for this liquid to go.

(L) it can vaporize into the atmosphere,
(2) 1t can be absorbed into the ground, and

(3) it can enter the wastewater system
through drains, sewers, or ditches.
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Generally, the fate of the liquid is a combination
of two or three of the above possibilities. The more common
probabilities in refineries are (1) and (3). Since the thrust
of this program is aimed at the quantification of emissions to
the air, some means must be used to measure and/or estimate the
amount of material that is ultimately vaporized.

In order to measure the liquid leak rate at the
source, the material was collected in a graduated container.
In the case of hot and/or volatile liquids, the graduated
container was externally cooled with ice and fitted with
covers to contain most of the material. Flow rates were
determined at the leak site by measuring the change in
volume with respect to time.

If the material is not absorbed into the ground or
does not enter the wastewater system, it will all be vaporized
unless a continuous accumulation is occurring. If there was
no net accumulation, the amount being vaporized was assumed
to be equal to the measured liquid leak rate.

Baggable Sources - Procedures for Multiphase Leaks

Multiphase leaks in which one is a liquid hydrocarbon
and others are water and/or water vapor were primarily associ-
ated with pumps and compressors which have water or steam-
jacket devices and drains. The water was condensed and trapped
in the cold trap and did not interfere with hydrocarbon anal-
ysis of the bagged gés.
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2.2 Nonbaggable Sources

There are a number of potential hydrocarbon emission
sources in a refinery that are not amenable to sampling with
bags or enclosures. These sources include operations that are
broad in area, intermittant in operation, and/or very complex

in their functioning.

Nonbaggable sources include drainage and wastewater
systems, cooling towers, barometric condensers, removal of coke
from delayed cokers, sampling operations, blind changing, and
maintenance turnarounds. Some of these sources can only be
sampled using very elaborate and complex sampling procedures
and equipment. The sampling of the nonbaggable sources that
could be reasonably sampled will be described in this section.
These sources are the wastewater system and cooling towers.

2.2.1 Nonbaggable Sampling Philosophy

The approach to sampling nonbaggable systems was to
use a mass balance around the particular unit. The difference
between the hydrocarbon into the system (liquid influent) and
hydrocarbon out (liquid effluent) is equal to fugitive emis-
sions to the atmosphere.

The key elements to this approach are collection of
representative samples of liquid streams into and out of a
particular unit and accurate measurement of flow rates through
the system.

Sampling of some units was not done. If the total

hydrocarbon content of the water leaving a treatment unit was
equivalent to or less than 200 lbs/day or 0.001 percent of the
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processed crude oil, whichever was smaller, the remainder of
the downstream wastewater system was not tested for emigsions
of hydrocarbons. Even if all contained hydrocarbons were
emitted as volatile hydrocarbons, the potential for emissions
in the remainder of the system was still small.

Those nonbaggable sources that were sampled are dis-
cussed in the following sectionm.

2.2.2 Nonbaggable Source Sampling

Oil-Water Separators

Oil-water separation is normally the first process

- that the wastewater encounters as it enters the wastewater
treatment section of a refinery. Oil-water separation can be
accomplished in a surge tank, API separator, or corrugated-plate
interceptor. The API separatdr is the most widely used of these
three types of separators. The sampling methods described below
for API separators can be applied to the other two types of
units, also.

The inlet liquid to the separator consists of a mix-
ture of hydrocarbon and water. The principal problem encoun-
tered in sampling is the procurement of truly representative
samples of two-phase streams. Samples of each phase were
obtained from the separator inlet line, or from the separator
at a point as close as possible to the oil-water inlet.

Three streams normally exit from an API separator.
These are the o0il that is skimmed from the surface of the liquid
in the separator, the water, and sludge that is pumped from the
bottom of the separator. The sludge was not considered in the
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sampling program.- It was assumed to contain low levels of
volatile compounds and to settle to the bottom. 0il layer
samples were centrifuged to remove sludge particles before
analysis.

The oil that is skimmed from the surface of the
separator is normally pumped to a slop-o0il tank. 0il samples
were preferably taken at the outlet of this pump to insure a
Teasonably representative sample. Other sampling points were
the skim pipe itself, the line from the separator to the slop
tank, and the slop tank itself.

In the separator the water flows under a barrier weir
and then over another weir to a basin from which it is pumped
or allowed to flow by gravity to the next processing area in
the wastewater treatment. Water samples were taken at the
overflow weir. Samples were obtained at several points along
the weir, and were composited to form one sample. Factors
which determined the particular sampling point for a given
separator included accessibility, residence time in the basin,
and presence of sample taps in the pump discharge line.

The average oil outlet rate can be determined from
level readings on the slop-oil tank over given periods of time.
The average outlet oil rate was used to estimate the residence
time in the API separator. The thickness of the oil layer in
the separator, and the dimensions of the area containing the
oil layer also are required in estimating the oil residence
time.

Samples were taken of each stream at each separator

several times a day for several days. Daily samples from each
sample point were composited before analysis. The oil and
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water samples from the inlet and outlet of the APT separator
were collected in glass bottles. These bottles were completely
filled and kept tightly capped to prevent the escape of vola-
tile hydrocarbons.

Dissolved-Air Flotation Units

It dissolved-air flotation (DAF) units are used in a
refinery wastewater treating system, they usually process water
from the oil-water separators. Air is dissolved or sparged
into the water, and the air bubbles attach themselves to col-
loidal o0il droplets, causing them to rise to the surface,
where the oil-air emulsion is removed.

Some DAF units are partially enclosed and others are
completely open to the atmosphere. The hydrocarbon material
balance method is the selected technique for determining hydro-
carbon emissions from open units, and may also be used for
partially enclosed units.

Only one stream containing a significant amount of
hydrocarbons enters the DAF unit. This is the water phase from
the oil-water separator. There is normally little free o0il in
this water. Ambient air, which may contain low background con-
centrations of hydrocarbons is also injected or sparged into
the water. Three streams leave the DAF unit. These are the
water, the air-oil emulsion and air. All these streams contain
some hydrocarbons.

When applying the material balance method to DAF

units, samples of inlet water were taken. These were normally
the same as the outlet water samples from the API separator,
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and the same analysis sufficed for both separator and DAF
hydrocarbon material balances.

In order to close the material balance sufficiently
to calculate hydrocarbon emissions, samples of the outlet water
stream and the air-oil emulsion must also be taken. The outlet
water sample was taken at the overflow weir. The emissions from
air-oil emulsion samples were judged to be negligible contribu-
tors to air emissions.

The water samples were collected several times each
day for several days. The daily samples from each point were

composited for analysis.

Cooling Towers

The selected method for determining hydrocarbon emis-
sions from cooling towers is the hydrocarbon material balance.
Water enters the cooling towers from two sources: make-up
water and the hot water from process exchange. Water, in
significant quantities, leaves as vapor from the top of the
cooling tower, as cooled water returning to process exchange,
and as blowdown. A water material balance shows that the
outlet rate to the process must equal the inlet water rate
from the process, since the make-up water rate is controlled
Lo exactly balance blowdown plus evaporation.

Thus, if the hydrocarbon content of the incoming hot
water and the return cooled water are known, the evaporative
hydrocarbon emissions can be determined. This is shown in
Figure A2-16.
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Figure A2-16. Mass Balance Around a Cooling Tower
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Samples of inlet and outlet cooling water were
collected daily from each selected tower over a period of
several days. In order to diminish the effect of hydrocarbon
concentration fluctuations, the outlet sample was taken from
the water flowing downward through the tower at a location
just above the level of the cooling tower basin. The inlet
samples were taken from one of the many small sampling valves
which are normally present and branch off the large cooling
water return risers. Many of these are continually flushed
into the tower basin. The hydrocarbon content of the blow-
down stream was assumed to be the same as that of the outlet
water stream,

The samples were kept in sealed bottles under refrig-
eration until they were analyzed.
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3.0 STACK SAMPLING

Stacks or vents which can be identified as emission
points for hydrocarbons and other criteria pollutants are
classified as process sources. These process sources can be
divided into seven categories:

. catalytic cracking unit regenerator
stacks,

. boilers and process heater stacks,

. sulfur recovery unit or tail gas

treating unit stacks,

. compressor engine exhausts,
o flares and blowdown systems,
o vacuum jet vents, and

. air blowing.

The general strategy regarding the sampling of point
source emissions included sampling the total hydrocarbon emis-
sions, obtaining samples for speciation analysis and sampling
for other criteria pollutants. The methods employed by Radian
for the measurement of stack emissions are discussed in a sub-
sequent section.

The magnitude of the required process source sampling

depended on the size and configuration of the individual refin-
eries as well as the amount of valid data available at each.
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As a base case, data were taken on one catalytic cracking unit
regenerator stack, one sulfur recovery or tail-gas treating
unit stack, and two process heater stacks.

Measurements made in the base case were: EPA Refer-
ence Methods No. 1, 2, 3, 4, and 5 on all stacks;’ methane and
nonmethane hydrocarbons on all stacks; particulate and wvapor
collection for organic characterization on one stack; and,
sulfur gases on the sulfur recovery and/or tail-gas treating
stack.

There were four types of changes to the base case:

o sampling for additional stacks
(larger refineries),

° sampling of fewer stacks (smaller
refineries),
o sampling the base case stacks for

additional species, or

o any combination of 1 or 2, and
3 above.
3.1 Process Source (Stack) Sampling - Sampling Trains

Stack sampling procedures are a combination of: EPA
approved methods’ for criteria pollutants (S0., SO., and par-
ticulates); EPA Level 17 screening procedures (SO,, COS, CS,,
H,S, NO, NO_, "organic vapor," and Radian-devised methods
(HCN, NH,;, THC). The procedures were selected with several
criteria in mind:
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. acctepted or proved methodology,

. accurate, reproducible measurements,
. commercially available equipment,

L freedom from interference,
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