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6.1 INTRODUCTION

The source testing of stationary sources of air pollution is carried out

to determine the types and amounts of pollutants emitted by these sources.

Information gathered from source tests is used for planning, issuing per-

mits, evaluating control systems, updating emissions inventories, and

enforcing emissions limitations. For these purposes, source test data

must be reliable; that is, the test must yield data in which users will

have confidence. This reliability is provided for in a program called

quality assurance.

Quality assurance is concerned with all the activities that have an impact,

no matter how remote, on test results. Many of tl~ese activities are part

of programs of guality control, the basic line or routine functions designe~-and imolemented to provide a quality product. To these functions, quality

assurance adds procedures that promote, review, analyze, audit, and report

on quality control. In short, one way of looking at quality assurance is

to see it as quality control of quality control.

The policies and procedures for achieving quality assurance in the testing

of stationary sources are the topics of this volume. These policies and

procedures are designed to produce test data that meet four criteria:

Complete;

Representative of the source's emissions;

Accurate (that is, as near as possible to actual); and

Precise (the agreement of repeated measurements of the

same quantity; other words used to describe a measurement's
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precision are repeatability, replicability, and reproducibility).

As used in source testing, the definitions of accurate and

precise are derived from definitions used by systems engineers.

According to these definitions, the meanings of the tw~ words

do not always overlap; that is, precise measurement techniques

are not necessarily the same as accurate ones. An analogy that

is sometimes made is of a cluster of shots in a target. If

repeated shots form a tight pattern around the bull Is-eye, the

shooting is said to be accurate and precise. However, if

repeated shots form a tight pattern in outer rings of the

target, the shooting is said to be precise but not accurate.

For more on the definitions of precise and accurate, the reader

is invited to see the following: Environmental Protection

Agency, Quality Assurance Handbook for Air Pollution Measure-

ments, Volume I--Principles (Research Triangle Park, North

Carolina: U.S. Environmental Proteciton Agency, 1976),

pp. A17-A21; and E.J. Kovalcik, "Instrument and Measurement

Errors," Test, April/May 1975, P. 10.

This volume has been designed to help program managers and source-test

personnel gather data that meet the above criteria. Sections of the

volume list measures and prerequisites planned to reduce the chance and

magnitude of error. In addition, the volume prescribes steps to take

to assure that the best possible results can be obtained with calibration

gases, instruments, and other source-test equipment. Planning, auditing,
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and reporting on source tests are discussed, and appendices give

specific methods for estimating the magnitude of errors, performing

source tests, and maintaining and calibrating instruments.
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GENERAL FACTORS INVOLVED IN STATIONARY SOURCE TESTING

GENERAL COMMENTS

The purpose of any source test program is to determine the pollutant

concentration being emitted from a source. By measuring the

pollutant concentration and the stack gas flow rate, the pollutant

mass emissions can be calculated. The reliability of the test

results depends largely on whether these measurements and all asso-

ciated calculations are performed correctly.

To assure that a series of measurements represent the source's

emissions, the measurements must be taken in a manner that is

dependent on the process operation. Obtaining representative

measurements is difficult in many cases. The difficulty arises

because control agencies typically test a large variety of station-

ary sources and because some control agencies do not have sufficient

resources to perform enough tests on the same source so as to

establish a large data base. In addition, variations in the source

operation during testing in some cases add a large degree of

variability to source test data. When key parameters of a source

operation can be monitored, it is sometimes possible to explain

variations in test data. However, when source variations cannot be

monitored, it becomes a serious problem to determine whether

variations are due to process changes or errors in sampling

techniques. Standard test procedures, knowledge of the source

operation, and experience gained from testing must be used to decide

if test results are indeed representative of the actual emissions.
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6.2.2 ERRORS

The errors associated with source testina are generally described

as systematic and random errors. A principal objective of a quality

assurance progra~ is to identify and reduce these errors.

Syste~atic errors are errors ~Jhich can be reduced by the source

test team. For example, syste~atic errors may result from:

1. Record keeping

2. System setup

3. Equipment maintenance and cleaning

4. Test personnel

5. Equipment calibration

6. Sample handling procedures

These sources of error, which are discussed further in later

sections of this manual, can be reduced by the use of standard

samplinq and calibration procedures.

Random errors are more difficult to reduce. An example of an error

is the uncertainty involved in reading an instrument. Repetitive

readings of the same variable tend to decrease random errors. The

significance of anyone random error may be small, but a series of

random errors may be substantial in the calculated result. There

are a number of statistical techniques available to determine the

cumulative effect of random errors in the final result. Appendix A

contains guidelines for estimating the significance of random errors.
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6.3 TEST METHODS

Selection of the most appropriate method to be used for a

specific test operation must take into consideration the chemical

and physical properties of the gases to be tested. In addition,

the types of analytical methods available for specific

contaminants are also factors in determining the test method used.

More specifically, the type of analytical method available may li~it

the test to integrated samplin~, grab sampling, continuous sa~pling"

or a conb1nntion of these. A look at problems associated with

each ~ethod ts presented here, and a description of the source

test procedures themselves is given in Appendix B.

6.3.1 INTEGRATED SAMPLING

Integrated sampling can involve the passing of the exhaust gases

through a filter, a chemical absorbing solution, water, or any

combination of these throughout the test. The gas sample may also

be collected in an evacuated container or pumped into a bag at a

constant flow rate for the test duration. The filter, solution,

and/or container contents are then analyzed in the laboratory.

Use of this method results in average emissions being determined

but cannot reveal any variations in emissions that may have occurred

during the test. Almost all sampling for particulate matter is done

by the integrated method.

To reduce the chances for error in obtaining a representative sample,

the source test team must consider the isokinetic sampling rate

and the probe location. (Isokinetic sampling adjusts the collection
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nozzle velocity to the same velocity as the stack to prevent

alteration of flow streamlines).

Integrated sa~pling normally requires more handling of the test

equipment, and the sample analyses techniques offer more

opportunities for error than do most other methods. The use

of a checklist will aid in reducing errors.

6.3.2 GRAB SAMPLING

A grab sample is a gaseous sample taken over a relatively short

time period. Samples can be collected by (1) allowing the

sample to fill an evacuated container, (2) inflating a flexible

bag, (3) drawing the sar:l~leinto a s~/rinlJe,or (1I.) pur'linC]the air -

fron a container with a qas sam~le. After collection, samoles

are taken to a 1aboratory for ana lys is.

Quality control problems associated with grab sampling are:

1. Contamination of container or bag. Assurances

must be made that the material of the container

does not react with the contaminant to be

measured. Selection of the container material

must be made considering the chemical properties

and interactions with the stack gases. If

containers are to be reused, they must be properly

passivated with respect to the contamtnant gas.

A log of the types of samples collected in the

container should be kept along with a record of

passivation
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2. Loss of concentration of sample due to condensation

on container walls. An absorbing solution or a

heated container are some methods of controlling

this loss.

3. Test results reflect only an instantaneous value.

If the basic process has variations in emissions, many

test samples may be required.

6.3.3 CONTINUOUS SAMPLING

Continuous sampling can be broken into two categories: extractive

and in situ (in-stack) techniques.

Extractive sampling is the primary technique used by air pollution

control agencies. It is accomplished by drawing a sample from

the stack through a probe and a connecting line to electronic

instruments that analyze the gases. Specific instruments must

be approved by the responsible district. See Section 6.3.4 below

for approval procedures. Variations in emissions and average

emissions can be determine by this method.

Quality control problems associated with this technique are:

1. Conditioning of the gases before passing through

the measuring device. Care must be exercised to

assure that connitioning does not change the

concentration of the specific pollutant to be

measured.
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2. Interference of components of the gas stream

otherthan the specific pollutant to be measured.

Interaction of pollutants while being measured

must also be considered. Information can be

obtained from the manufacturere of the instrument

and/or by quality control testing in the laboratory.

3. Accuracy of calibration gases and possible interaction

of the carrier gas. Ouality control of calibration

gases is covered in another section of this manual.

In situ sampling instruments measure concentrations as the stack

gases flow by sensors located in the stack. This is usually a

permanent installation, is not normally used by enforcement

agencies for source testing and will not be discussed in detail.

Quality control of this equipment can be accomplished by doing

comparison testing with other approved sampling methods on a

periodic basis.

6.3.4 ALTERNATIVE METHODS

When testing to determine compliance with a requlation, the test

method specified in the regulation must be used. Where no test

method is specified, a test method adopted by the ARB or by the

responsible district must be used. If no appropriate adopted

method exists, then the test method used must be approved by the

regulatory agency and must be thoroughly documented.
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If the organization performing the testing desires to use an

alternative to the adopted test method, the organization must

establish equivalence of the alternative test method in the

following manner to the satisfaction of the responsible agency:

1. Details of the alternative method must be

submitted to the district for review and dis-

cussion.

2. The laboratory analysis procedures must be

described in the test method.

3. A minimum of three sets of parallel tests (with

the adopted and the proposed alternative test method)

must be performed on a single source type.

4. If possible, two of the sets of parallel tests

should be performed during different source operating

conditions.

When applying for permission to use alternative test methods, the

applicant shall provide the responsible agency with a list of

appropriate uses for the test method including the source

operating conditions during which the proposed test method would

be used.

Equivalency for continuous analyzers used for source sampling

may be established if the analyzer satisfies the following criteria.
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1. Operational and performance specifications equal

or exceed those listed in Table 1.

2. The analyzer is capable of a 24-hour unadjusted

continuous operation without the zero span or

mean drift exceeding the limits specified in

Table 1.

3. The analyzer's response has been verified by the

use of side by side comparison testing with an

approved analyzer or adopted method.

4. The analyzer's response is not significantly

affected by other species present in the gas

stream. This must be verified by performing

interference tests.
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6.4 PLANNING T~E TEST PROGRAM

Planning of a test program, or even a single source test, must

include all of the procedures and steps necessary to ensure that

data obtained from the source tests will be accurate, precise,

representative, and complete.

At the earliest opportunity, a pretest inspection of the source

should be performed for the purpose of determining:

1. The type of process or operation. (Obtain a

flow diagram if available.)

2. How the plant operating conditions are likely to

affect emissions.

3. The types of erlissions.

4. Where the emission points are located, and if those

points are accessible.

5. If the existing platforms, sampling ports, and

power supply outlets are satisfactory.

6. The duct_size, the te~perature, pressure and velocity of----

the effluent gas stream, and an estimate of the

Plois--l;u-recontent of the effl uent 0ases.

7. The type of location and condition of process

instrumentation.

8. Safety hazards and special equipment required. (Obtain

approval from appropriate safety officials if necessary.)
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The gathering of such information may be facilitated by using a

standard form such as the ARB's Engineering Investigation Report

(See Apoendix C).

The plan for collecting the sample requires preliminary knowledge of

the process and its o~erating characteristics. The sample or test

is useful as it relates to the process. The sampling plan shr~ld

include full information on process feed rate, fuel rate, and stack

gas velocity and temperature. It is essential to determine in

advance if the process is steady state or cyclic. It is also

essential to make arrangements with operating personnel to hold

the process Rt nomal operatinn conditions for the duration of the

_ t~St2 to operate at rated capacity, or to operate as specified in the

operatinq permit.

If the process is cyclic, the sampling period should be planned to

span at least one complete cycle. If the cycle is of short duration,

it may be necessary to sample over several cycles to obtain an

adequate sample. Cycles of extended duration may be broken into

definable parts. It is often desirable to study parts of a cycle

because an average obtained during each part may be more useful

than an average over the entire cycle.

-



Volume VI
Section 6.5
Revision a
August 31,1978
Page 1 of 4

6.5 PREPARING FOR SOURCE SAMPLING·

To minimize error care must be exercised in the preparation of the

sampling trains and in the handling of samples.

6.5.1 GRAB SAMPLING

Two types of containers normally used for grab samples are flasks and

flexible bags. Control must be exercised to assure that the con-

tainers are clean before use and that the sample will not deteriorate

during transportation from the source to the laboratory.

6.5.1.1 Flexible Baqs

Use only bags that are coated with Mylar, Tedlar, or other non-

reactive material. No special preparation is required other than

marking the bag for identification and assuring that the injection

hole or valve does not leak. The best policy is to use a bag only

once. However, it may be possible to reuse a bag for the same

contaminant (with a separate log sheet for each bag). All bags

should be purged several times with the sample gas before the sample

is collected.

6.5.1.2 Flasks

Either glass or stainless steel flasks are used to prevent material

reaction with the test sample. Glass flasks should be protected to

prevent implosion or breakage. All flasks shall be thoroughly cleaned

before use. Cleaning procedures are given in Appendix F.
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-Deterioration of test samples in transportation can be prevented

by using absorbing solutions. If absorbing chemicals are required,

only fresh reagents may be used, and these should be prepared by

qualified laboratory personnel. In addition to the test sample

flasks, a flask containing the absorbing solution is set aside for

analysis as a control ("blank").

It is recommended that the flasks be evacuated at the sampling site

rather than at the laboratory. Record the volume of flask, the

volume of reagent, and the temperature and pressure of the flask.

Identify each flask with time, date, location of the sample source,

and identity of the person who collected the sample.

6.5.2 INTEGRATED SAMPLING

6.5.2.1 Gaseous Samples

The flask or bag should be prepared as described in Section 6.5.1.

Sampling probes should be cleaned as described in Appendix F.

Connecting tubing should be a material that will not react with

the contaminant to be sampled. If rubber is to be used as a connector,

it should be visually inspected for cracking, or a leak check should

be perfo rmed .

6.5.2.2 Particulate Matter Samples

Filters must be prepared according to the test procedure in Appendix B.

All components must be thoroughly cleaned as described in Appendices B

and F. Connecting tubing of various materials that do not

-
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interfer~ with partic~lftte matter coll~ction can be use~~ ~~~e

must be taken that no small particles are rubbed off when slipping

the tubing onto the metal or glass connectors. Sharp edges on

connectors should be filed, ground smooth, or fire polished to prevent

this. Care must be exercised for glass to glass connections so that

silicone-mating grease does not get into the sample train. It is

suggested that grease not be used if possible. If used it should be

used sparingly.

6.5.2.3 Leak Check

After assembly at the test site, the sampling train is checked for

leaks by plugging the nozzle inlet and adjusting the vacuum to the

maximum anticipated operating vacuum or 15 inches of mercury, whichever

is greater. If a leakage rate (flow through the gas meter) greater

than 0.02 cubic feet per minute is obtained, the leak must be found

and repaired, and the leak check procedure must be repeated until

satisfactory. Procedures for leak checking sampling trains are given

in Appendix J. After the leak check, the vacuum should be released

slowly by unplugging the nozzle before shutting off the pump. Failure

to do so can cause a pressure surge through the train which may rupture

the filter or displace reagents in the impingers. Reset the meter to

zero or record the meter reading before sampling is begun.

6.5.3 CONTINUOUS SAMPLING

Equipment errors can be minimized by proper maintenance of the instruments

and quality control of the calibration qases. Calibrations must be----

conducted both pre- and post-test, as well as periodically throughout
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the test. The sample conditioning systems of the instruments can

also introduce errors. Care must be taken in setting up a sample

condittoning system so that the conditioning does not interfere with the

measurement of the contaminant or species of interest. The sample

handling/conditioning system must be leak checked as in Sectic~ 6.5.2.3.

6.5.4 MISCELLANEOUS

All sampling equipment must be cleaned carefully to prevent sample

contamination. Chromic acid cleaning solutions are recommended for

cleaning glassware prior to beginning a test series. For metal

analyses, certain types of glassware should not be used, and cleaning

with nitric acid is recommended. The method description should include

guidelines for choosing sample contacting materials.

A checklist will help assure that all test equipment being used

has a valid calibration and is in good operating condition.

,
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6.6 EQUIPMENT MAINTENANCE

Systematic errors arise from deficiencies inherent in the equipment

or from inaccurate calibration. To minimize systematic errors,an

effective maintenance and calibration program must be implemented.

An equipment preventive maintenance program is described below,

and the calibration program is presented in Section 6.7.

Preventive maintenance consists of those actions required to reduce

equipment downtime, improve the reliability of source test results,

and increase confidence in the results. The program consists of

cleaning, lubricating, rebuilding, and adjusting equipment at

predetermined intervals. A spare parts inventory should be maintained

to assist in limiting equipment service time. A recommended spare

parts list can usually be obtained from the manufacturer of each

piece of equipment.

Preventive maintenance shall be performed on the following equipment:

1. Sampling pumps

2. Flow measuring devices (dry test meters, rotameters)

3. Pressure measuring devices (gauges)

4. Sampling instruments

5. Integrated sampling tanks

6. Mobile van sampling systems

7. Laboratory equipment (scales, etc.)

Other equipment may be added to the above list as required.

The service frequency shall be determined from experience and from

manufacturer's recommendations. Each piece of equipment shall be

----------------------------------------------- ---~
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identified by appropriate means, and each service should be recorded

on a maintenance log sheet. Table 2 suggests acceptance limits and

frequencies of maintenance for the equipment listed above.

ARBls procedures for scheduled maintenance and performance checks

of mechanical test equipment are given in Appendix D. ARBls policy

on preventive maintenance is to perform maintenance on a scheduled

basis or whenever there are indications of performance deterioration

or excessive wear.

The person in charge of the shop is responsible for:

1. Planning and implementing an equipment maintenance program

2. Ensuring that all maintenance and calibrations are performed

on schedule

3. Maintaining equipment logs an~ keeping all service records

up to date

The instructions for periodic maintenance, calibration, and special

care of instruments and equipment are frequently updated. Abstracts

from manufacturer1s service and maintenance manuals are the primary

sources for these updates. Also helpful is the assistance of

factory representatives in initial installation and performance

testing of the new instrument. And most important, manufacturer1s

instructi0ns for operating an instrument must be followed to reduce

error and prolong equipment life.



Volume VI
Section 6.6
Revision 0
August 31, 1978
Page 3 of 3

TABLE 2

MAINTENANCE SCHEDULE

ACCEPTANCE FREQUENCY OF METHOD OF
EQUIPMENT LIMITS SERVICE SERVICE

Pumps l. Absence of Leaks Every 500 hrs. l. Visual insp.
2. Ability to draw of operation 2. Clean

manuf. req. vacuum or 6 months 3. Replace worn
and flow whichever less parts

4. Leak check.

Flow l. Free mechanical Every 500 hrs. l. Visual insp.
measuring movement of operati on 2. Clean
device 2. Absense of or 6 months 3. Calibrate

malfunction whichever less (see Sec. VI)

After each test
if used in H2S
sampling or other;
corrosive atmosp eres

Sampling l. Absence of As required As recommended
Instruments ma'lfunction by manufacturer by manufacturer

2. Proper response
to zero, span gas

Integrated l. Absence of leaks Depends on 1. Steam clean
sampling nature of use 2. Leak check
tanks

Mobil evan 1. Absence of leaks Depends on 1. Change filters
sampling nature of use 2. Change gas dryer
systems 3. Leak check.

4. Check for system
contamination

Sampling Sample degradation After each test Flush with freon
Lines less than one percent or test series Blow filtered air

thru line until dry





Volume VI
Section 6,7
Revision 0
August 31, 1978
Page 1 of 5

6.7 CALIBRATION

An effective program of equipment calibration is essential in assuring

quality control of source test data. Virtually all source test measure-

ment equipment requires periodic calibration checks of some kind. Since

the specific equipment used by each agency varies, this section will

include general guidelines for each type of equipment.

As a general rule, instruments and equipment used in source testing are

calibrated at designated times and whenever major repairs are made. The

calibration schedule, method of calibration, or standard of comparison

and the acceptance limits for each analyzer are given in Table 3.

A record of each calibration is recorded in the instrument calibration

logbook. This record must include the fo1lowiQg information:

1. Instrument identification (serial or other identification number)

2. Date

3. Operator identification

4. Calibration technique

5. Description and identification of standard material used

6. Test or other code -- for use in identifying samples for

analysis by a referee (third-party calibration cross-checking)

7. Calibration curves, correction factors, etc.

8. Operator comments
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6.7.1 CONTINUOUS ANALYZERS (EXTRACTIVE TYPE)

A variety of calibration techniques are available, but virtually all

of them involve traceability to a known standard or to referee and

analytical methods of well-established performance. For procedures

used for establishing traceability of gases see Appendix E.

Two types of calibration are performed on all continuous extractive

analytical instruments:

1. Primary (laboratory) calibration

2. Field calibration

6.7.1.1 Primary Calibration

In a primary calibration the response of the instrument is compared

with a number of primary standard reference materials (SRMs). Primary

SRMs are gases or other substances who~e concentration, purity, and

integrity are guaranteed by a recognized standard setting body such as

the National Bureau of Standards'(NBS).

The instrument's responses to five concentration levels within each

working range are measured. Each response point is plotted on a graph.

A calibration line (or curve) is constructed by drawing the line of best

fit through the plotted points. This line should go through the origin

of the graph. A test is applied to determine whether the instrument is

within a(~eptable limits. For instruments with linear outputs, the

largest deviation from the straight line may not exceed 2% of full scale

at any point on the curve. The acceptable specification limits for each
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analyzer are given in Table 1. If the calibration curve is acceptable,

that is, if it lies within the predetermined limits, the analyst can

use it to translate instrument output into the appropriate concentrations.

If the calibration curve is not acceptable, corrective action should be

taken in accordance with the instrument's operating manual.

Changes within the instrument can cause the line of best fit to shift.

Therefore, the instrument should be checked period1cally by analyzing

one of the SRMs used to construct the calibration curve.

6.7.2.2 Field Calibration

A field calibration consists of a functional check and a two-point

calibration check (zero and span gas in expected concentration range).

Field calibrations must be performed before starting and at the end

of each test. During longer source tests, field calibration checks should

be be made periodically during the test and clearly marked on the

recording chart. To increase the confidence of a two-point calibration,

the linearity of the instrument should also be checked at least once

during the test if possible.

6.7.2 OTHER SOURCE SAMPLING INSTRUMENTS AND EQUIPMENT

The recommended frequency of calibration and methods used for

calibrating sampling instruments and equipment are shown in Table 3.

A standard reference material traceable to the NBS should be used when

available. If not, use calibration procedures recommended by the

manufacturer, EPA, or ASTM. Where there are no reference materials

for calibrating some instruments and devices, these devices should

be calibrated against devices or instruments known to provide
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a higher degree of accuracy. Generally the calibration standard

for mechanical equipment should be four to ten times more accurate

than the equipment being calibrated.
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SAt1PLINr,INSTRU11ENTS AND EQUIPMENT CALIBRATION SCHEDULE

Instrument or
Equipment Type

Acceptance
Limits

Frequency
of Calibration

Standard of Comparison
or Method of Calibration

Orifice meter (large) 12 months Calibrated
Wet test meter

Orifice meter (small) Bubble meter12 month~

± 2% of volume measured

± 2% of volume measurerl

Dry gas rreter 12 months
or when repaired

Wet test meter
Bell Type spirometer

± 2% of volume measured

± 5% of volume measuredRoots 93S meter 12 months
or when repaired

Bell type spirometer

± 2% of volume measuredTurbine meter 12 months
or when repaired

Bell type spirometer

S-Type pitot tube
(for use with EPA type
sampling train)-

6 months EPA t1ethod.2
See 4.1:3

c~ constant >±5% over
t'lorkingrange
Difference between the
average Cp for each leg
must be less than 2%

± 3%Vacuum gauges
Pressure gauges

Manometer6 months

Field barometer 6 months Mercury Barometer ± 0.2" Hg.

± 40 F for Temp. <400')F

± 1.5% for Temp >4 QOI)F

± 2% Full Scale reading

Temperature measuring 6 months NBS Mercury Th~rmometer
or NBS Calibrated
Platinum RTD l'

Temperature readout
devices

6 months Precision PotEntiometer

± 0.3 mg of stated
weight

Analytical balance

Probe nozzles

12 months

12 months

Should be performed by
manufacturer cr quali-
fied laboratory

----------------------------------
Nozzle diametEr check
tlicrometer

Range >±0.10 IT1l1
for 3 measurelr.ents

Continuous analyzers Depends on
use frequency

As specified ty manu-
facturers or0r~ting

manuals EPA
NBS Gases and/or Ref. 11ethods

Satisfy all limits
specified in performlnce
specifications

l/ RTD - Resistance Temperature Device



-
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6.8 QUALITY CONTROL IN CONDUCTING TESTS

The care with which the test team member makes instrument readings

and performs various tasks controls the reliability of the data

obtained from the test. Quality control procedures for different

sampling methods are given here.

6.8.1 GRAB SAMPLING

In grab sampling, the probe or sample line is inserted into the

stack and a portion of the flue gas stream is drawn through the

sample line to purge all of the air from the system. A vacuum pump

is used to draw the sample into a container or flask. For evacuated

flasks, a vacuum gauge may be used between the valve and the flask

to assure that the flask is still fully evacuated before the sample

is taken. Multiple samples at each location must be taken to increase

the reliability of the data.

6.8.2 INTEGRATED SAMPLING

6.8.2.1 Gaseous Samoles

This method differs fron grab sampling in that an orifice or restrictor

is installed in the sample line to control the amount of flow to the

evacuated container or flask. Purging of the sample line as described

under qrab sampling should be accomplished.

6.8.2.2 Particulate Matter Samples

The sample rate must be proportional to the stack velocity, and to

assure a reoresentative sample the sample probe must traverse the

entire stack cross section for most tests. The minimum number
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and location of sample points are to be as determineo by ~'ethod 1 or

from the test methods described in Appendix B.

To keep an isokinetic sampling rate, different rates of collecting

the sample will be utilized when traversing the stack. The

reading of the pressure sensing device and the condition of t~e pitot

tube will affect the accuracy of the data. Frequent pitot tube

calibrations and exact readings by the test personnel will reduce

errors in this area.

After the test is completed and the final readings are recorded, a

leak check is made of the samplin9 train. If the leakage rate is

greater than 0.02 cubic feet per mlnute, discard test sample,

correct the leak, and take a new sail-:ple.

To avoid contamination of the sample, cover the nozzle tip as

soon as possible after the test run. As the sampling train is

disassembled, all disconnecteo sections are also covered to

prevent contamination. Extreme care must be exercised so that

all sections of the sampling train are properly labeled for

positive identification before transportation to the laboratory

for analysis. It is recommended thatone:i~est team member be

assign.d for the responsibility of monitoring the test samples to

protect them from loss, breakage, or contamination. _Chain of custody

procedures are used to preserve sample integrity while in transit to the

.._
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laboratory and during the laboratory analysis. See Section 6.8.5

below for more discussion on chain of custody.

6.8.3 CONTINUOUS SAMPLING

In continuous sampling a probe or sample line is inserted into

the stack; at a specific flow rate the gases are passed through

a conditioner system and then to an electronic analyzer. The

conditioner is normally designed to remove particulate matter and

moisture but may also contain reagents to remove other gases that

interfere with the specific contaminant being measured. Care

must be exercised in adjusting the flow rate to the instrument

during the test so that it is the same as was used during the

pre-test calibration (zero and span). Allnecessary data must be

recorded on a standardized form such as shown in Appendix G.

Any shift between pre- and post-test calibration should be noted,

along with any nonlinearity that may have been revealed in the

periodic multipoint calibration of the instrument.

6.8.4.RECORDING OF DATA

All data relating to the operation of the sampling train must be

carefully recorded on the field data sheet during the test. Any

unusual occurences in the process operation, unusual test instruMent

readings, or items that could possibly affect the test results

should be noted on the data sheet. It is recommended that a

checklist be used to assure all data needed for test calculations

or process information are obtained.
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6.8.5 CHAIN OF CUSTODY

For all types of testing, a chain of custody procedure must be

used to assure that the sample analyzed is actually the sample

taken under the conditions reported. Errors can be caused by delays

in cleaning, contamination of the sample, and improper identification

of the sample. The chances for error are greatly increased Wilen too

many people are permitted to handle samples. It is recommended that

the responsibility for handling the samples be given to one person

on the source test team and to one laboratory staff member. Ideally,

a chemist would prepare the sample reagents or filter and then sign

over these items to a test team technician, who will handle them

at the test site, attach identification labe·ls after testing, and

return them to the same Chemist at rhe laboratory for analysis.

A chain of custody form bears the names of the persons who prepared

the reagents and the samplinq train, recovered the sample, delivered

the sample to the laboratory, and performed the laboratory analysis.

If the sample is not going to be analyzed immediately at the

laboratory, a secure area must be used to store the ~~~ple.

6.9 POST-TEST QUALITY CONTROL PROCEDURES

Significant errors can occur when data are not reduced properly.

Besides the sa~pling and analytical errors occuring during the

test, human error can be introduced at any time between sample

collection and data reportinq.

--



Volume VI
Section 6.9
Revision 0
August 31, 1978
Page 1 of 3

6.9.1 INITIAL EXAr~INATION OF DATA

As part of the post-test procedures, test data sheets should be

examined to determine if any of the sheets contain any obviously

abnormal values. Examine each abnormal value and correct whenever

possible. However, the presence of an error may not be a sufficient

reason for rejecting an entire test. Depending on the significance

of the error a judgement can be made as to the acceptability of the

results. A record should be maintained of test values which are

judged to be invalid or otherwise suspicious.

6.9.2 DATA REDUCTION

Data reduction must take place with the aid of a standard calculation

form or computer. The form should include step by step procedures

required to obtain accurate final results. Computers are useful

tools for handling large amounts of data and simplifying complex

calculations and should be used whenever possible. All calculations

and computer inputs must be checked by at least two people. Before

the report is finished, the supervisor must make a final review and

~ake the final decision of the validity of the data.

Data from continuous emission analyzers are recorded on strip charts.

Strip chart recordings should be integrated with the use of a plani-

meter or similar device unless the recording is relatively constant

with time. Data from strip charts must be checked by a supervisor.
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6.9.3 VALIDATING DATA

Once the test results have been calculated, with adequate pre-

cautions taken to assure accuracy, the next problem is determining

if the results are representative of the actual emissions. Varia-

bility in results derived from multiple tests conducted on the same

source at different times may be due to part or a11 of the fo' c,Ming:

1. Variations in source operating parameters

2. Testin~ equipment and personnel variations both in

the field and in the laboratory

3. Uncertainties inherent in the test f'lethod

Variations in the source operation may often be the most significant

factor in the total variability ~f the test results. Knowledge of

the source operation and monitoring Qf key operating parameters

help to identify these variations. Variations caused by personnel
-

can be minimized by operating a good training program. A good

preventive maintenance program helps minimize variations in

equipment operation.

The uncertainty of the results is an important aspect in dpter~ining

the test's reliability. There are a number of statistical methods

available for determining the uncertainty of test results. Appendix A

contairs the derivation and sample calculations for one method.



Volume VI
Section 6.9
Revision 0
Augus t 31, 1978
Page 3 of 3

Other useful tools for validating source test results are control

charts that historically identify each test result with control

limits to identify outliers (problem data).

When source test results fall outside of the control limits established

by control chart calculations, the following questions should be

asked:

1. ~Jas the source operati on varying?

2. t-Jerethe test data recorded and reduced properly?

3. Were equipment problems or probable human error

encountered during the test?

4. Was the test method used appropriate for the source

tested?

If the cause of the variations in results can be determined, the

test report should note the problem, and another test should be

conducted if necessary.

Reported results should, whenever possible, include the confidence

interval of the results (for example, 120 ppm ~ 10 ppm) for each run.

The confidence interval can be obtained from the uncertainty analysis

or from other statistically sound methods. The arithmetic mean

should also be reported.
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6.l0 QUALITY ASSURANCE AUDITS

A quality assurance audit should be conducted by someone who is

not a regular member of the source test team. This person will

conduct performance audits and check source test results. Performance

audits should be made periodically according to the organization's

needs. Performance audits fall into three distinct phases:

1. Sampling audits

2. Analysis audits

3. Data processing audits

6.10.1 SAMPLING AUDIT

A complete sampling audit should consist of simultaneous testing

using different equipment and different operators. However, this

type of audit is not always practical from a cost and personnel

standpoint. In most cases, an acceptable sampling audit consists

of a qualitative appraisal of the test procedures and test

equipment used during the test. The auditor must verify that all

equipment is functioning properly during the test and that all of

the pre-test performance and calibration checks were made.

6.10.2 ANALYSIS AUDIT

An analysis audit consists of separate analyses of commonly collected

integrated samples. Samples of known concentration can be submitted

to two or more independent laboratories (interlaboratory testing).

Samples can also be evaluated by separate chemists in the same

laboratory (intralaboratory testing).
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6.10.3 DATA PROCESSING AUDIT

Data processing audits consists of spot-checks of data reduction

and calculation procedures. Computation methods are checked by

inserting II dummy II data sets into computer programs and calculation

sheets.

6.10.4 USE OF A CHECKLIST

Checklists may be used to assist in conducting audits. However, no

chetklist can cover all situations, so good judgement must be used

by the auditor. If problems are found during any phase of a

performance audit, the auditor should make every effort to locate

and correct the problem. However, all problems must be recorded

for later review.

A periodic review of the preventativt' maintenance program should be

included as part of the audit process. This would consist of

monitoring equipment downtime.
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6.11 QUALITY ASSURANCE REPORTING

A quality assurance report to the manager of the source testing

section should be made periodically to outline the important aspects

of the quality assurance program. The report should include

pertinent facts in a short format.

The following items could be included:

1. System audit results

2. Performance audit results

3. Instrument or equipment operation

4. Percent voided samples versus total

samples

5. Interlaboratory test results

6. Intralaboratory test results

7. Status of solutions to major problems

8. Recommendations for source test procedure changes

The format and content of the report will differ for each organization

depending on its source test program.
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6.12 TRAINING

Personnel related errors arise due to carelessness, insufficient

knowledge, or inadequate training. Many of these errors can be

reduced by use of a training program for test personnel. The

training should cover:

1. Operation and maintenance of equipment

2. Detection of electronic problems

3. Detection of sensor problems

4. Detection of mechanical problems

5. How to perform routine field repairs

6. How to calibrate instruments

7. Limitations of the instruments (range,

responses, interference functions, temperature

limits, moisture limitations, etc.)
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APPENDIX A

CALCULATIONS FOR ESTIMATING RANDOM ERROR

The DurDose of this analysis is to provide guidelines for estimating the

maximum orobable random error (± 3~) involved in taking a single measurement

in t~e field or in deriving a single point source test result. Each probable

random error is based on the expected precision with which a oiece of equip-

ment can be read.

Any systematic errors due to improoer calibration, faulty equipment, or

inadequate test procedures will be in addition to the probable random error.

In this analysis, expected random errors for direct measurements are given

first. Then the compounded random errors expected in calculated results are

shown. The following statistical method is used to compute random error .

If Z f(x,x2· . .) and is differentiable, then

~ [~ (~) 2 zez e. ]ax. 1
1

ez = probable maximun error in z

e. = probabl e maximum error in x.
1 1

EXAMPLE

Vo
CVm Pb

Tm

where:

Vo = corrected meter volume

V = uncorrected meter volumem- Pb = barometric pressure

Tm meter temperature

C = a constant

~- - ----



A - 2

o_1a_ = c fh.___
o Vm Tm

~10- = CYrrLo Pb Tm

o~= C V~P~o Tm m

Let: eV = The probable maximum error in Vo
0

eV = The probable maximum error in Vmm

ep = The probable maximum error in Pbb

eT = The probable maximum error in Tmm

Then: eV 2 (C ~) 2 2 + (C Ym.) 2 2 + (-c »~2 2= eV ep eTT Tm0 m m m b m

Divide by V2.
V2p2o'

C2
p2 e 2 + V2 2 ~e2

2 f2 + T 2 -Tm
.I eV m b Vm mePb m

0 =
V 2 C2V2p2
0 m b

T2m
Let: eV

y'V _ 0_
The relative error in Vo0 - V;;-

eV
yV = __!!1_ = The relative error in Vmm V

'T]

ep
yPb = _b = The relative error in PbPb

eT
yTm

= __!!1_ = The relative error in Tm
Tm
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Then: V = [2V + 2p + 2T J 1/2y 0 y m Y b Y m

NUMERICAL EXAMPLE

The data used in this example were taken from an actual particulate source

test. The maximum expected random error for each measurement is presented in

the following format:

e·
= _, (100)

xi

where Yi = relative uncertainty, %

ei = uncertainty of measurement

xi = actual reading from equipment

1. Velocity head, P

*0.03 in H20
yP = 0.44 in H a x 100

2
*includes fluctuations in reading

due to turbulence in the stack

= + 0.68%

2. Ouct gauge pressure, Po

0.03* in Hg
yPO = 1.00 in Hg x 100

= + 0.3%

3. Stack temperature, TO

50R
yTb = x 100

11300R

= + 0.4%

4. Meter temperature, Tm

50R
yTm = 5140R x 100

= + 0.97% ~ 1.0%
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5. Meter volume, Vm

0.02 ft3
yV =**2 x x 100

m 25 ft3
**accounts for initial

and final meter readings

= 0.16%

6. Saturated gas temperature, Ts

0.50R
y\ = 4980R x 100

= + 0.1%

7. Saturated gas pressure in impingers, Ps

This is based on the saturated gas temperature in the impingers which

is accurate to ~ 1/2oF.

P380F - P37.50F

P380F

0.2292" Hg - 0.2248" Hg
yP = ---------- x 100

s 0.2292" Hg
= + 1.9%

8. Condensate weight, Wc

yW = ***2 x 0.05 gm x 100
C 120 gm

-
***accounts for two weighings

= + 0.1%

9. Filter weights, Wp
0.002 gm

yW = ***2 x x 100
p 0.10 gm

= + 0.4%

10. Pitot tube coef"~cient. cp estimated as + 1.2% by the EPA.

11. Stack d:~n~ter, 0

yD = 1 in

168 ins
x 1aD

= + 0.60%
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12. Time, t

0.01 min
yt = x 100

60 mins

= 0.02%

13. Nozzle diameter, On

° = tJ. 1 mm 100
y n 6 mm x

=l. 7%

14. Barometric pressure, Pb

P = 0.05" Hg. x 100
y b 3~''Hg.

= ± 0.2%

UNCERTAINTY ERRORS IN CALCULATED RESULTS

Corrected meter volume, Vo

V = PbVm
o Tm

y2vo= y2Vm + y2Pb + y2Tm

yVo = [(0.16)2 + (0.2)2 + (1.0)2]1/2

= 1.03%

Water vapor content

% H 0 = 0.0474 We + C
2 Vo + 0.0474 Wc + C

where: C = =,Vo~P~s--=-_--=-
Pb - Pi - Ps

y2C = y2V + y2p + y2Pb + y2p.
os'

yC = [( 1 .9) 2 + 2 (1.9)2 + (0.2)2 + (2.9) 2]1/2

yC = ± 4.4%

?. 2 2 2
yl-l2= 2y Wc + 2y C + Y V0

y~O= ~(0.1)2 + 2(4.4)2 + (1.03)j 1/2

= ±6.3%
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-Assume: % H20 = 2 - eH20 = ± 1.3% water vapor

The error in the dry portion (1 - % H20) is:

ydry = y(1-H20) = ~03 x 100

= ± 1.6%

Molecular weight. MW

The Orsat Analyzer is estimated to be accurate within

± 0.2% for each component.

22222 2y CO2 = ydry + y CO2 = (1.6) +(0.2) ~ (1.6)
8

222 222y O2 = y dry + y 02 =.(1.6) + (°82) ~ (1.6)

y2CO = y2 dry + y2CO = (1.6)2+(Oi~)2 ~ (1.6)2

y2N2 = y2 dry + y2 N2 = (1.6)2 + (0.~)2 ~ (1.6)2
85

2 222
= y CO2 + Y CO2 + y CO + Y N2

yMW = ~ (1.6)~1/2

= ± 3.2%

Stack gas velocity

V = 85 55Cp [~p 1/2] avgs .
2 2y Vs = y Cp + 0.25

yVs = [(1. d2 + 0.25

yVs = ± 4.2%
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Stack cross-sectional area

2
A :::; 1T0

4
iA = 1/2 (yo) 2

yA 1/2 (0.60)2

yA = ± 0.30

Stack gas flow rate

Q = (10.6) Vs A(Pb + Pd) (100 - % H20
o TO

222y2Q = y Vs + y2 Pb + y dry + y TO
o 1/2

yQo = [(4.23)2 + (0.30)2 + (0.2)2 + (3.0}2 + (1.6)2 + (0.4)2]

yQo ± 5.5%

Particulate grain loading

G = 15.41W
Vo

222
y G = y W + y V

o
1/2

yG = ['(4.0)2+ (1.03)2]

yG ± 4.13%

Particulate mass emission rate

M = f9~.7

yM =

yM = ± 6.9%
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Isokinetic ratio I

I = (100 - % H)O) AV st Tm
(TO (Qm)

2y I =

y I =

22222 2y dry + y A + y V + y t+y TO + Y V
~ 5 m ~ 1/2
L( 1. 6) 2 + (0.3) 2 + (4.2) 2 + (0.02) 2 + (1. 0) 2 + (0.4) 2 + (. 16) J

yI == ± 4.6%



SUMMARY

Measured Quantities

Ve1ocity Head, P

Duct Gage Pressure, Po

Stack Temperature, TO

Meter Temperature, Tm

Meter Volume; Vm

Saturated Gas Temperature, Ts
Saturated Gas Pressure, Ps

Condensate Weight, Wc
Filter Weights, Wp

Pitot Tube coefficient, Cp
Stack Diameter, 0

Time, t

Nozzle Diameter, On

Barometric Pressure, Pb

Calculated Quantities

Corrected Meter Volume, Vo

Water Vapor Content, % H20

Dry Volume, (1 ..%H2(1)

r~lecular Weight, ~w

Stack Gas Velocity, Vs
Stack Cross-Sectional Area, A

Stack Gas Flow Rate, Qo
Particulate Grain Loading, G

Particulate Mass Emission Rate, M

Isokinetic Ratio, I

A - 9

± Relative Uncertainty, %
0.68

0.3

0.4

1.0

0.2

0.1

1.9

0.1

0.4

1.2

0.6

0.02

1.7

0.2

1.03

6.3

1.6

3.2

{2
0.3

5.5

4.13

6.9

4.6
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This appendix is available from the
Air Resources Board's Public Information Office
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APPENDIX C

STATE OF CALIFORNIA AIR RESOURCES BOARD

Engineering Investigation Report

COUNTY FILE No.
-

DATE OF VISIT INVESTIGATED BY

I. ACllON

o Locol outhoril in contacted o SUlplcttd laurel of pollut jon toured 0

o Problem artlo ,urvoyed o Poulbll lompling lilos locotld o
o Complaintant interviewod Time of vlsll to _ o

2. REC()MMEloIDATIO~'S

o No air pollulivn problem

o Furt hor invesligation (explain)

o Information rSQuired from

o Stack lost (if recommendlJd,complelt the following)
a. ACCHr.il:.ility of sampling porh

b. Straight .tack diameler. up.team and downl;trlam of porh

c. Slack diameter (fl.) e. Velocity of flue 1101 (FPM) _
d. Moislure conlent (0/.) f. Temperalur. of flile go.

:.. COUNTY OFFICIAL CONTACTED

Name and address (Include tille )

4. ::;USP[CTED SOURCE OF AIR POLLUTION

Noma and address Producllon rate

Tons/year Tons/day

Oparatlng Sch8dule

Day./ week Hours/day

~. COMPANY OFFICIALS INTERVIEWED

Name ( Include tille )
Compony offlclol to contoct

(,. SPECIFIC COMPLAINT (PARTICULATE, ODOR, FREQUENCY, EFFECTS, ETC.)

ATTAChMENTS

o Field notn o Photograph. o Lob r&porll o Related corrupondenc.
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8. SOURCE PROCESS DESCRIPTION (MATERIALS USED. AMOUNTS. ETC.)

9. SOURCE POllUTION CONTROL EQUIPMENT

Type

Capacity

Manufacturer

Efficiency

MONITORING PROGRAM

10. OBSERVATIONS

II. ADDIT IONAl INFORMATION (SKETCHS. OTHER POSSIBl E AIR P.:'l_l_U_T_IO_N_S_O_U_R_C_E_S__• E_T_C_...•.I -- _
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APPENDIX D

PROCEDURES FOR ROUTINE MAINTENANCE
AND PERFORMANCE CHECKS OF MECHANICAL

TEST EQUIPMENT

TIME REQUIREMENTS

All portable test equipment, including pumps, dry test meter, tanks,
thermometers, thermocouple potentiometers, ~agnehelic gauges, pitot tubes,
and tanks, is inspected, serviced (as necessary) and performance-checked
at six-month intervals.

Records of service are kept in the maintenance log.

PROCEDURES

A. PUMPS

1. Pumps which have been used very infrequently during the preceding
maintenance interval and have not contacted contaminating or corrosi~e
materials need not be serviced or tested. "Not used" should be
entered in the log, in such a case.

2. Disassemble, inspect and clean valves, seal~ and air-contacting
surfaces. Repair and clean or replace mechanical parts as
necessary.- 3. Repair or replace electrical connections or cords, if necessary_

4. Repair or replace gauges, if necessary.

5. Clean and fill oil reservoirs on oil-lubricated pumps.

6. Measure the maximum pressure, vacuu~and flow generated by the
pump.

7. Record the data obtained in 6, describe any repairs made, and enter the
date of next service lnthe maintenance log.

B. GAS FLOW AND VELOCITY METERS

Types of Meters in Use

1. Velocity meters (oriface, rotameter)

2. Dry gas meters

3. Roots gas meters

4. Turbine meters



D-2

Orifices, rotameters, etc. These devices are calibrated by connecting
them in series with a more accurate volume meter, such as a calibrated wet-
test meter. Calibration should be performed at least every 12 months,
depending on frequency of usage. Calibration curves with deviations of no
more than 1% should be established for each device.

G~r flow meters in use are calibrated twice each year. These meters are
co,lbrated against an NBS primary standard or equivalent. Acceptable primary
standards are (l) bell type spirometer, or a (2) wet-test meter tftat was calibrated
using an NBS standard flow meter. A calibration curve glving efficiency
versus flow rate is plotted for each meter. Acceptance limits are ±l% of
volume measured using an NBS traceable standard flow meter. Meters which
are found to exceed the acceptance limits are taken out of servicE.

1. Meters which have been very infrequently used during the preceding
maintenance interv"\l need not be tested. Enter "not used" in the
log in such a case.

2. Check meters for good operation.

3. Send operational meters to California Division of Measurement Standards
for calibration. Attach the calibration record to the maintenance
log, and indicate the calibration and date of next inspection on
each meter.

C. PnOT TUBES

1. Type S pitot tubes should be calib 'a'-,edagainst a standard pitot
tube in a wind tunnel with a diamet~r at least 10 times the maximum
dimension which the pitot tube presen~s perpendicular to the gas
stream. Both the standard and type S tLbes should be connected to
water manometers or equivalent.

-..

Type S - pitot tubes calibratio~ Compare with a standard type
pitot tube by inserting both pitot tubes into a forced air duct and
measuring the velocity at a specified point. A correction factor
Cp is then calculated as shown in Table A.

-



TABLE A

E~~PLE DETERMINATION OF PITOT TUBE CALIBRATION

l
j,

j

I
I
J

I

Standard
Pi tot R!eading Type S Pitot Reading _

~ = C
HI ~ Ratio~ p

0.415 0.642 0.853

0.700 0.837 0.844

1.44 1.200 0.833

C = 0.843.p

Ho ~

0.3 0.5477

0.5 0.7071

1.0 1.000

Ho = Velocity head ("H 0)2
HI = Velocity head ("H 0)2
Cp = Pitot tube coefficient

The type S !li~o'!:tube is inver'!:edand an ave~age C for the other
leg is obtained using the same procedure. The ave~ages are co~pared
and if they differ by more than 2% the type S pitot tube is disgarded.

If the pitot tube is acceptable, record the date of the calibration
in the maintenance lo~ and indicate the date of next scheduled
calibration,

D. TANKS

1. Disassemble and clean the valve, if corroded.

2. Evacuate the tank, note the vacuum gauge readin~ and check the gauge
after 24 hours. No change should be noticed. Correct any leak or
tag the tank "unserviceable".

3. Record the date of inspection and the date of next inspection on
the tank and in the maintenance log.

E. POTENTIOMETERS

1. Test the battery and replace, if necessary.

2. Connect the potentiometer to an appropriate thermocouple and insert
the thermocouple in a beaker of boiling water. If potentiometer is
temperature-compensated, record the temperature indication; if it
is not compensated, record the millivolt output. Repeat the procedure
;'na beaker of ice water. Then subtract the two millivolt or temperature
measurements and convert to degrees C.
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3. Record the potentiometer outputs and the date of next inspection
on the potentiometer and in the ~aintenance log.

4. If the output difference between the 00 and 1000 tests is not
between gaoC and 1020C, the potentiometer is unserviceable.

F. THERMOMETERS

1. Record the thermometer reading in a beaker of ice water and a beaker
of boiling water. Calculate the average deviation from OoC to 100oC.
If the deviation is over 4oC, the thermometer is unserviceable.

Bimetall ic dial-type thermometers are commonly used. Thes' <;hould
be checked against an NBS mercury-in-glass thermometer ar.j ddjusted
to read correctly. All thermometers used in a sampling program
should be checked against an NBS thermometer prior to use and should
be adjusted to th~ following limits:

1500 F. ± 20

150-5000 ± 50

5000 ± 100

2. Tag the date of inspection and next inspection on the thermometer
along with the deviation.

G. MAGNEHELIC GAUGES -
1. Zero the gauge then test at 25%,50; and 75% of range against a

water manometer or an inclined manometer. Calculate the average
deviation from the correct pressures. ~f the average deviation
exceeds 5% of full scale, the gauge is unserviceable.

2. Record the average deviation. date of inspection and date of next
inspection in the maintenancp. log.
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APPENDIX E

PROCEDURES FOR ESTABLISHING TRACEABILITY OF GASES ~OR CALIBRATING

E5NTINUOUS ANALYZERS

Claims of traceability established by manufacturers or vendors should not

be relied upon. Calibration qases should be analyzed by analytical chemists.

The chemist may elect to use either an analytical instrument such as a gas

chromatograph or wet chemical methods in calibrating cylinder gases. The

chemist must follow the prescribed procedures to assure the precision and

accuracy of the cylinder gas analysis.

No gas cylinder is to be analyzed prior to the fifth day after filling, this

is to permit the concentration to stabilize. All analyses are performed

in triplicate to expose erroneou~ data points and excessive random

variations in instrument response.

PROTOCOL FOR ANALYTICAL GAS CYLINDER ANALYSIS

1. Analyze each cylinder gas directly against the nearest standard

reference material (SRM)'by alternate analyses of the SRM and

calibration gas in triplicate. Adjust the instrument span if

necessary prior to analysis. No instrument adjustments are permitted

during the triplicate analyses. The response to zero gas is frequently

checked so that:the change in successive zero responses do not

exceed 1% of full scale.

2. For each of the six analyses. determine the apparent concentration

of the SRM or cylinder gas from the calibration curve.

3. For each pair of analyses (one SRM and one cylinder gas), calculate the

concentration of the cylinder gas by:
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True Cone of Cyl. Gas = Apparent Cone. of Cyl. Gas x True Cone. of SRM
Apparent Conc of SRM

4. Determine the mean of the three values for true concentration of the

cylinder gas.

5. If anyone value differs from the mean by greater than 1.5%,discard

the data, reset the instrument span, if necessary, and repeat steps

1 to 4.

The following informat'~n is recorded on a 1~be1 affixed to the

cyl inder.

1. Cylinder number

2. Mean concentration of cylinder gas, ppm or mole"%

3. Replicate analysis data

4. SRM number use as orimary standarl~

5. Analytical principle used

-.
6. Date of analysis

-
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A cylinder calibration analysis report including all of the data

shown above is prepared. This report should be placed in the files

and maintained for three years

PROCEDURE FOR INSTRUMENT CALI8RATION

The following procedure for periodic multipoint calibration and daily

instrument span checks is prescribed to minimize systematic errors.

Separate procedures are used to perform span checks for linear and non-

linear instruments. In this context. a linear instrument is defined

as one that yields a calibration curve which deviates by 2% of full

scale or less from a straight line drawn from the point determined by

zero gas to the highest calibration point. To be considered linear,

the difference between the concentrations indicated by the calibration

curve and the straight line must not exceed 2% of full scale at any

point on the curve.

INSTRUMENT SPAN CHECKS

LINEAR RESPONSE ANALYTICAL INSTRUMENT

At the start and end of each test day (or test period) during which

cylinder gases are to be analyzed, check instrument response to the highest

SRM in the range to be used and to zero gas. Adjust response to the value

obtained in the most recent multipoint calibration. Cylinder gases

analyzed with a linear instrument must not have a concentration greater

than 15% above the highest available SRM concentration.

NON-LINEAR RESPONSE ANALYTICAL INSTRUMENT

At the start of each test day (or test period) during which cylinder gases

are to be analyzed, check instrument response to two SRMs in the range of

calibration gases to be analyzed and to zero gas as follows. First,

set the instrument zero with zero gas and then adjust the instrument
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response to the highest SRM available or to the value obtained in the most

recent multipoint calibration. Next, make one check with the SRM nearest

in concentration to the expected concentration of the source. If the

response to the lower standard varies by greater than 2% from the response

obtained, in the most recent multipoint calibration, a full multipoint

calibration must be performed. Multipoint calibration will ~e discussed

in detail in the next paragraph. Calibration gases analyzed with a

non-linear instrument ~ust not have a concentration greater than the

highest available SRM concentration.

MULTIPOINT CALIBRATION

A multipoint calibration curve is prepared by using two SRM cylinder

gases and a zero gas. The zero S~S must not contain more than 0.2% of

the full scale concentration of the rmponent being analyzed, The

zero gas must be free of any impurity t~at will give a response on the

analytical instrument,

A multipoint calibration is accomplished by diluting the highest SRM with

zero gas usin~ a calibration flow system, Obtain the instrument response

for points representinq 0, 50, 90 and 100% of each expccten rap.1e

concentration curve. Obtain the instrument response for the other lower

SRM without dilutio~. Compare the apparent concentration from the

calibrnr;0n of the lower SRM. If the difference between the apparent

concentration and the true concentration of the lower SRM exceeds 2% of the

true concentration. repeat the multipoint calibration procedure.

PROCEDURE FOR ANAL Y&IS OF CYLINDER GAS

The following procp~ure is designed to assure the precision and accuracy --
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of cylinder gas analyses. The analyses involve the direct comparison

of the cylinder gas to the SRM in order to compensate for variations

in instrument response between the time of the initial span check and

the time of analysis. Significant variations in instrument response

often result from chanqes in room temperture. line voltag&etc. These

variations are-minimized by using air conditioned source test vans and

by using the power supply available at the source durinq the entire testing,

period including the' intial calibration and span checks.

--

Vertification of Cylinder Gas Stability

The stability of reactive gases (including cylinder gas of nitric oxide

and carbon monoxide) must be verified before use, The stability of cylinder

gas is verified by performing a second set of triplicate analyses (using

orocedure described above) a minimum of 7 days after the first set of

triplicate analyses. The mean of the second triplicate analyses must not

differ from the mean of the first triplicate analysis by more than 1%.

Reanalysis of cylinder gases-
All cylinder gases which are six months or longer in stock must be re-

analysed before use.

Minimum Cylinder Pressure

No cylinder gas should be used below a cylinder pressure of 200 psi or 10%

of its initial pressure.

Cylinder label and analysis report

Each gas cylinder snould contain the following ~i.nimum traceability infor-
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--
mation on a label affixed to the cylinder.

1. Cylinder number.

2. Mean concentration of cylinder gas, ppm or mole %.

3. Last recorded pressure.

4. Last analysis date

5. Date when reanalysis is required (six months after da~> shown in # 4).

The table below lists the required cylinder types and recommended intervals

for checking span gas concentrations.

CYLINDER FREQUENCY OF
GAS MATERIAL RE-CERTIFICATION*

502 Aluminum 6 months

NO, NOX Aluminum 6 months

CO Aluminum 6 months

HC AluminuJ! 6 months

CO2 AluminuJ! 6 months

r·1INIMUMUSABLE
CYLINDER PRESSURE, PSIG

200

200

200

200?}

200?}

-
*may be longer if guaranteed by manufacturer.

1/ Steel may be used if aluminum is not available

y 400 PSL with steel

Aluminum cylinders are much more effective than steel for stabilizing

concentrations of S02' NOx' and CO. This is Dartly because of the

decreased cylinder surface area of the aluminum cylinders due to a much

smoother surface. ~Jhen aluminum cylinders are not available for 502,

NOX' and CO, steel containers may be used, but they should be re-certified

once a month. The m;numum usable cylinder pressures are shOl'/nabove. This

is important because changes in temperature moisture and vapor pressure produce_
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changes in concentration as the tank pressure decreases.

Newly purchases gas standards should always be checked against old ones as

a basic check of the gases themselves, the gas manufacturer, and the sampling

instrument.
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APPENDIX F

FIELD PROCEDURES USED IN COLLECTION
AND RECOVERY OF SAMPLES

A. WATER TRAIN PER EPA METHOD 4

PRE TEST PROCEDURES

a. Add 100 ml. deionized-distilled water to each of the first 2

impingers of the train.

b. Interconnect the four impi ngers with pre-cut l6':"lrkh1engths of

vinyl tubing.

c. Weigh desiccator unit and record weight.

d. Attach desiccator unit to last impinger of the train.

e. Add water and ice to impinger case.

f. Connect vinyl line between desiccator unit and umbilical line.

g. Connect stainless steel. Probe to first impinger with suitable

vinyl tubing.

h. Leak check assembled train.

i. Sample at 0.75 CFM for 15 minutes.

POST TEST PROCEDURES

a. Remove impinger train from test assembly.

b. Disconnect vinyl tubing from impingers.

c. Measure the condensate collected in all fomr impingers in a

graduated cylinder and record net amount collecteg.

d. Disconnect desiccator unit. Weigh and record net weight increase.
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B. PARTICULATE TRAIN PER EPA METHOD 5

PRE TEST PROCEDURES

a. Add 100 ml. deionized-distilled water to each of the first two

impingers of each train.

b. Interconnect the four impingers of each train with pre-cut 16-inch

lengths of vinyl tubing.

c. Weight desiccator unit. and record weight.

d. Attach desiccator unit to last impinger of the train.

e. Add water and ice to impinger case.

f. Connect vinyl line between desiccator unit and umbilical line.

g. Select filter assembly and record filter disc serial number for

each run.

h. Select sampling probe. Record pitot tube number and Cp factor. Attach

nozzle to probe.

i. Insert filter assembly in filter h~ater box and attach both to

sampling probe.

j. Attach Teflon-lined vinyl tubing between filter assembly and first

impinger of train.

k. Attach pigtail to umbilical connector and filter box.

1. Leak check completed train assembly.

POST TEST PROCEDURES

a. Leak check train assembly on completion of test run.

b. Disconnect desiccator unit, reweigh and record net weight increase.

c. Remove nozzle from sample probe and rinse with acetone or deionized-

distilled water. Collect rinsings in a mason jar.

d. Rinse probe with acetone or deionized water. Collect rinsings in a

mason jar.
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e. Run probe cleaning brush through sample probe.

f. Rinse brush and re-rinse probe with acetone or deionized-distilled

water. Repeat until clean. Collect rinsings in a mason jar.

g. Record test run serial number on mason jars.

h. Rinse Teflon-lined vinyl tubing with methylene chloride and collect

rinsings in a mason jar separate from probe rinsings. Record

test run serial number on jar.

i. Remove filter assembly from heater box and return to filter carrying

case.

C. ~~, AND CO GRAB SAMPLES PER EPA METHOD 3

1. Identify each scotch-pak bag with test run serial number.

2. Connect Teflon-lined flex hose to stainless steel probe.

3. Attach free end of flex hose to condense.

4. Connect condenser to vacuum side or pump with 1/4" 0.0. Teflon tubing.

5. Connect Teflon line between vacuum pump and sample bag.

6. After purging sample lines with sample gas, connect bag and fill

until 2/3 full.

D. NOx GRAB SAMPLES PER EPA METHOD 7

PRE TEST PROCEDURES

a. Identify each 2-1iter flask with test run serial number.

b. Mix absorbing solution - 6 ml. of 3.0% H202 to 1 liter of H2S04

solution.

c. Pipette 25 ml. of absorbing solution into each flask.

d. Evacuate each flask and turn flask valve to purge position.

e. Using same test setup as in Section C, connect flask between condenser

and the vacuum pump.

f. After allowing system to purge, open flask valve to sampling line

to draw in sample.
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POST TEST PROCEDURES

a. Turn flask valve to purge position.

b. Disconnect flask from sample line and shake flask for 5 minutes,

then place in carrying box.

E. ~ TRAIN PER EPA METHOD 6

PRE TEST PROCEDURES

a. Mix an 80% solution of iospropanol.

b. Dilute 30% H202 to 3.0% by adding deionized distilled water, 1:9.

c. Add 15 ml. of 80% isopropanol to the midget bubbler of each train.

d. Add 15 ml. of 3.0% H202 to the second and third impinger of each train.

e. Interconnect the one bubbler and four impingers with glass connectors.

f. Connect single desiccator unit to the last impinger of each train.

g. Connect probe with sampling line to bubbler.

h. Add ice and water to midget impinger case.

i. Connect the desiccator unit to stack-sampler console with an

appropriate length of 3/8 inch vinyl tubing.

j. Leak check completed assembly.

POST TEST PROCEDURE

a. Disconnect probe and sample line from impinger train. Attach an

MSA filter cartridge to bubble and purge train for 15 minutes.

b. Disconnect impinger train after purging.

c. Discard contents of midget bubbler and first impinger.

d. Collect contents of midget impingers in prescription bottles.

e. Rinse each impinger and connecting tubes with deionized-distilled

water and add rinsings to sample bottle.

f. Seal bottle and label with test run serial number.
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F. HYDROCARBON GRAB SAMPLES

1. Identify each double-ended flask with test run serial number.

2. Using same test setup as Section C, connect flask between the

condenser and the vacuum pump.

3. Open both flask valves, and purge the flask with sample gas for

2 minutes.

4. After purging, close the downstream valve first, then close the

upstream valve trapping the sample in the flask.
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STATE OF CALIFORr·JlA
AIR BESOURCES BOARD

SOURCE TEST REPORT

Stationary Source Control Division.
ENGINEERING EVAI.UATION BRANCH
REPORT NO. ~

Projer.t Engineer

Approved:

______________ , Chief

Engineering Evaluation Branch

Approved: .
Chief

Stationary Source Control Division



-



G - 2

SU.rJlAHY----

P~~r:~t eoeincer Report nulOber _

Source t~st conducted at: Date of teat _

Namc _

Address _

Compnoy reprcspntative(.u Ti tIn(s)

Sour~e test request~d by _

Form of reque" t _ Date of request. _

R~C1son fOl' re qu l!s t. _

Itp:J(s) tested _

-_------- ~-.---
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}'ollutant(s) u;e~~t.l'ed ond CLe[Jsurcmcnt mctr,od(a), _

-

-

------- ---- ._----------._---- ---- ----_._---

-
ii
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Compari~on Between Allowable Bnd Measured Emisoicos

Air' pollution Control Dictrict ---------------------------------------------------------

---
Rule Etni.ssioos

NU:1ber 'l'itIe Allow:.lble Measured

-.- -.------ c-- .-

iii
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Tables: I. Source Test Wi t:lesses •

i

• 1

;5

5

5

• ·5

5

· 7

8

1

· 2 '-

3

· 8

.10

6

9

11

SU:!l:nary•..•

I. lntroduction.

II. ~est Results.

III. Plant Description.

Product(s) Manufactured or Service(s) Provideti.

Plant Capacity.

Process Description

IV. Test Methods.

v. Test Conai tions •

II. Prior Source Tests (if BOY) •

III. Sourr.e Test Results

IV. WeatLer Conditions ••

V. Traverne Point Computations.

Fi~ rea: 1. Flow Schem&tic •

II. Round Stack.

III. Rectangular Stack •

Appendices: A. Preliminary lnvestication Neport

B. Field Notes ana Data Sheets

C. Summary of Test Do.t3 and Cal.::u13tioos

'-
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State of CJlifornia

AIR ILE1::0URC:uJ BOARD

Source T'-!st Report

1. INTl<CDUC.';'IO:!

The Air Resources BOFlrd staff concnctc,J a source test at _

on the datos of _

All vitucsses to the test are identified in Table I.

Table I

Source Test Witnesses

Title AffiliationNa,oe

~---------------~--------------------~---------------------------------

----------.-~------------- -------+

DurinG the testiIl!:; the staff evaluated emissions from. _

---------------

-_ .._---------_._--_.

1
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The yurp')se of t)-,o :nurce tent W13 to_.. . .._.. __ ...-_

-.-----_._--_._------------ --------_._--
----_ •._---

Any other prior Dource tests conducted st

are sum~arized io Tabla II.

Table II

Prior Source 'I'esta
(if any)

O:::-ganizo.tion

performine; test

Date
of test

ARB report nu::nber

(if applicable)

.____--t- __~__------1__

___ L__.~ ..-L---____'

Item

tested

t----------+--------------.-I-------I------------l

2
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II. TF,S'f RESUlTS

Table] II

Source Test Rcsul ta

frule j ~llOW[lblO r.easured ]

I I.missions emissiono

:~:~-3e_-:_'-c-t~~:~;~m'~:~:~:~t~~~~~~~~~~:~~~~~~~'i-I-.. -4-__ ~!. v"5':_

1

1 Duration of tes-t-,--- •......-----·-·---·---+--------I------·-·--- --.-
~iDutes~ ~-------~---------+-------4-__.-----.--_---------~-----~

1 rr~ce~s weig~t rate,
~~l~b~s~/~l~lr~--__ -- __ --~-------+-_--------~--__----~----- __~------4-------.~

Gas flow rate I
Be Fl"'i (_nF""{y=·_)<-- -'- -I -+- ._~-----._I_-----.-

"_§toc'k:gus temp.
of

AP:D _

aumber

-.
CO2 ~, by volume

02 % by volume
~----------------r----~~-----------+-----.---~------I--------~------~

CO ~o by volu:!l9 I
I

~-- __---------------+------.----------- __~------ __~~----- __--4----------I~------t

H20 /0..' by V(,lu::Je
-----.--------------~----~----.-------+----------~------~~------~----.--~

Par-ticulatc CODcen- I
tra tiOD. I5r/scf 'i . ---l I- ~------- __ ---.-

Fbrticulatc wcieht, I I
1bs/hr __1-. ~ • __ ----- -----~------- --------- •..•

CombustioncontC::Ji±=' In8nt!'. ~rls~r ------------4---------1-------+---------+--------Dll~:.lOIJ'iactoJ' -. .-
(oalculated)I---. ------ -----,----+-------~--------.~------I'--------<
OX, pplIl·

I_ :~: ~f-----1---' t_"._--.-_·-_-__-·-_-_;·'c-_·._·-- -~-~·_·-·-_~----I-t4--·---·~--~----------I-=--=~----=-=--~.--+--.---~-.-.---.~.-~:~_

.Corrected to____ percent ('xcess air.

Hevicl-.'cd hy . _

Approved by __ .. , _

tJl1nal'(' 1',
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Ill. 7'IA~n j,j:"r;C:?..IPTII):1--------_.

PRODt:CT(S) l't:.EUFJ.CTUftED 011 SEHVlCE(S) FLlI)VIDhl1

punT CA?ACITY (lts/hr, 111,.,1, etc.)

PROCISS DISClU.PTIOU

------------_.-------

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

--_._----------------------------- _._---_---_

._---_ .•_--_._._------------

5
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,
Figure 1

Flow Schematic

6
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IV. TES'l' ME'j'I!ODS

-
---------------------

---------'--------------------

------------

-
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V. 'J'F.3'f CC',DI'fION3-----_

PLt:!T OPEL\ TlliG COliDITIONS

Proc~.s::;weight (include nource's strip chart if available) : _

Opernting at percent of capacity.

Other comments:

RC3ults of ~tack flow check for turbulent and cyclonic conditions: _

Table IV

Weather Conditions

Barometric
Date Time Pressure

Tempera t'.lre
;

..-
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Figure II

Round Stack

Sample -i-l----------_
Port 4 +

Sample
Port Elevation

Notes:

1. Stack dia~cter _

2. Sampling port in _ feet

upstream (01) of ony disturbance and

feet clo\lnstrea~a (h2) of any

disturbnnce.

Sample
Port 2

--

1

1
3. Sflmplir.g port i~ r.ot 8 diamtcrs do'tinatreum nnd 2 oiar .•ctf;r.5 Ul'5trClItll. 1"[J?

f(lnc;~ing wnc done to (:o!'Jpcn::;;,tc for thi;:; : _

.--.----- -------- -------
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'i'able V

Traverse Voiot ComputatioD3

Traveroc % of Distance of in!::idediameter

inside Point A Point B Sample I Semple
point diameter to to port 1 port 2

sample sample to I to
nort 1 port 2 .-E?int A Ipoint B_._-- ---.- .-

.-

~--_._--

:

.

------ .__ .

---_._- _._--_ .•. ------ ------ ----.._
----_. __._------

10
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Figure III

Hectangular Stock

Cro!.l3 ncction

I~.-
Equivalent diameter, De

D .• 4 . (_ area. )

e \perimeter

L ••------- a ••

w • _ b ••

c -

d •• _

Number of traverse points _

Elevation

r
~----- Disturbancc

e
~/

'"
f

Disturoance

1 -----~ ~-

o •..

f • h "
11

1

Ex:Jmplc ------[

I~-----L ---~I

10 0 0 0::z. 6 9 12.; -_
O
2

0 0
°115 8-.

°1 ~ 07 °10

1<- C -'>~.-j d
'(_/

E-f.at:1plesho'ding rectanCl.;lar
stack CroDS Dcction divided
into 12 e~ual areas, with a
traverse ~oint at centroid
of eoch arell.

L • length 'IIi •• width

a ~ distance bctween travcrDC points
as measured along the width, W

b K distance of trnverne point fr~m
wall as meaGured along the
width, W

c • distnnce between traverse points
8S measured along thc length, I,

d .• distance 'of traVf'rse poi.nt lroQI
wall as tteasurcd alung the
length, L

-

g .. a if measureu:ent 5i te is localed
alonr.; the "'id lh

c if measurement si te is located
aloog the lenls~h

h .• b if 8~a;.urCrlent r.;il c is 1oc:! tOt!
alonG the wicllh

.d if r.C(1su!'~m(,iltnita i!l locutnd
nlol1r;the If'nr;th



O'L._ ..••, C"- 0.\'1L_____ SUF.lJECTS!~}./J"'L.:; _c _f::'r;J---:'T_ LC Cl~TJ_C~:0SHCET NO. OF _
•• p ,

C~'f;;_:' . y_I_-'. r)/,TL____ _ JOB NO. _

----------------------- ------------ __ ----- ----------- ----------

lL_
~--d

1-

~<y
I

J---L
I
I
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"r------------- 3" NPT COUP'-\t~G __ WELD
// TO 5TI\CK. CUT HOLF IH

__ II SiAO< ,0 I. D, OF

-~®~.t---;'\
-N.q.

co U PL n-!G.. 'N ST ;'-1.L
P\PE PLUG.

NOTES:

\. PROViDE PL 1\11 CRI'.1
[xTCt~U\l-lCI TO t\ M.~~li-At-)~"

OF 3' ON E/I,OI ~IDC c<r
f"Ac H SAMPL \ •.~c; PO~T,

:2. P l. /\-r FOP, M G. 1\ CC F. 55
TO f-t~ ATFOf(,A SHAL L
COI--lr":,FJ·i TD CAUF[;h1.1/\
\ NoOV ST 1-:\ AL SAr-L'I', C!-- L[ r::;
& lJNIFOHM 8UI L D l!~ C.

CODE.

3. LOC [,It:.: PORI ~ CN
wINDy-/AhD ::,IDE II"
POS~':lbLE .
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AIR R~:;OUHCE'::; El ;.;:D

Stationary SOllrce Control D'i'lision
Enaineerinq Evalu~tion Qr~nch

SOr} SAT,lPLIHG TRAIN DJ\TA

HUn No.------------__---------
Loco.tion --------------------
Sr:.raple Sta tion
j.Jctct' No.

B:_~r. P r (;~~. In. }L~ •
0perc.toc

Special In;)truct1vr:~)

t-------r--------T--------r- -.- p __ ~----_

CLOCKTD:E l-:ETEi1") r:I2TER V;\CUl;-r,;
t-- -t_\_JO_L_U_r;_'·~_·.'_~(~'_T_-~';-T-_"l_'l.__:·I_.1_P~(_O_F_) UT_~r. ItG.)

SKEPLI;~G n~'-l'/,-
IV\ T~': ( r:_J 1_i'__~.I-l..-4) __ :'1_J :_T__E li__

I---------r----------~--------~--------~-----------r-----------

r---- --1----------1- -+ -----------f----- _

1------1------------lf---------1f-- --------t----------- _

----------1---------+ _

r--------t---------.!------------t--- _

I------f---------t---------t------ ..-------t- ~_

t-------+--------r---------+----- . -+- .__._._

---------_._---------- ...._-_._-_._---- .•._--------- ------

--
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State of Colifornia

AIR RESOURCES BOARD

.r ~l.e j~O.

Stationary Source Control Division
Enqineering Evaluation Branch

VELOCITY TRAVERSE DATA

Traverse Velocity Di 5 ta nee fran Stack Velocity Stack
roint Head instge )·all Temuerature Head /6P Temperature
NU:::Jber in. H2O 1n. ei'!'J. of in. H2O (,!:,,,,). of

.

......__

".

- -
~rage

Plmrt

Sarr;plingSite

Remarks -_._ ---
----._ .._--

Bflrometri-:: Pressure, in,Hr;

St9tic P-.•.."23Sur'o: i!1 Stpck (Prr)in. Hg
;,:, .-"

Dvt~

Pitot Tube Factnr -------

rr 1
H

-i- t::I.

I !
_j_

J.~

I
I(~
~

~
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State of Ca]iforni~ File 110.

A1 f{ RE.sCUf;Gr~,S BOARD

St?tion'1.ry SOUrCe Control D-ivision
Enoineerinq Evaluation Pranch

VELOCI'l'Y Mm FLO'" [\J.'n.: CJ.I,"UlJ.'J'2.C::S

A. Stack Gas MolccuJ at" W<:lcht eMs)

------~-----.-----~f'.101ecular
\tleicht of
COlnpon cn tVolume % /1:)0 Factor (1-E\oIo)Component

HaO (Vol. %)

COa
O2

CO

N2

VoJ. j(, '_J.• F1'J.ctor X ;lcn100

1.0 18
~---'---------~-------------~---------'-----~-------------4-------.---- _

44

32
28~-------------4-------------+---------------~----------4---- _
28

Ms =

B. Stack Area (A,,)

As = ------------------------------------------------------------------

~ --------------------
)J(--~--~)---)=------

As = ft2

c. Stack Velocitv (vs)

Vs

Vs

«(0) ( 17.:',8) ( )( ) (._-----)
( ))(

fps

--
lJJEI:-;~ 1040 'i/,t'-
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12 Equal Areas Half Annuli 12 Equal Areas Qua~ter Annuli

FIGuRE III-3

CROSS SECTION Of CIRCULAR STACK
DIVIDED INTO 12 EQUAL AREAS WITH A TRAVERSE

POINT AT THE CENTROID OF EACh AREA

I •• I.. • I •
I. I I

-- --t-- -t - -.Jo- ---
I• I • I " . 0

I I I
-~-~ _-f- - _L __

, I I
~ I C I 0 I 0

I I I

FIGURE 1I1-4

CROSS SECTION OF RECTANGULAR STACK
DIVIDED INTO 12 EQUAL (RECTA~GULAR) AREAS,

\.JITH A TRAVERSE POINT AT THE CENTROID
.OF EAC:-i AREA
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-. -. -

Traverse
point

number Number of travers~ point~ on a diameter
on a

,-
diameter 2 4 6 8 10 12 14 16 18 20 2~ 24

1 14.6 . 6.7 ·4.lf -r--(.-S- - 2. 1 1.8 1.6 1.4 1.3 1.1 1.1.j

2 85.4 25.0 14.7 10.5 8.2 6.1 5.7 4.9 4.4 3.9 3.5 302
3 75. a 29.5 19.4 14.6 11.3 9.9 8.5 7.5 6.7 6.0 5.S
4 93.3 70.5 32.3 22.6 17.7 14.6 12.5 10.9 9 7 8.7 7.9
5 85.3 67.7 34.2 25.0 20. 1 16.9 14.6 1":.9 11.6 10.5
6 95.6 80.6 65.8 35.S 26.9 22.C 18.8 16.5 14.6 13.2
7 89.5 77 .5 64.5 36.6 28.3 23.6 20.4 18.0 16. 1
8 96.7 85.4 75.0 63.4 37.5 29.6 25.0 21.8 _19.4
9 91.8 82.3 73. 1 62.5 38.2 30.6 26.1 23.0

10 - 97.5 88.2 79.9 71.7 6i.8 38.8 31. 5 27.2
11 93.3 85.4 78.0 70.4 61. 2 39.3 32.3
12 97.9 90.1 83.1 76.4 69.4 60.7139.8
,.3 94.3 87.5

~
75.0 68.5 60.2

14 98.2 91." 79.6 73.9 67.7
15 95.1 89.1 83.5 78.2 72.8
16 I 98.4 92.5 87.1 82.0 77.0 I
17 95.6 90.3 85.4 eO.6 j
18 98.6 93.3 88.4 83.
19 96.1 9"1.3 86.;::-'
20 98.7 94.0 89.5
21 96.5 92.1
22 98.9 94. S
23 96.8
24

' , 98.9

\
TABLE I1I-1 (' LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

(Pr~cent of stack diameter from inside wall to traverse point}
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State of California }<'ile No. --------------------
AIR RESuURCES BOARD

Division of Implementation & Enforcement
Engineering Evaluation Unit

~JATERVAPOR CALCULATIONS

Standard Condl tiom.-; WOF and 29.92 in. Hg

Ambient Conditions in. Hg

Gas Volume Impinger Meter Orifice Volume of Water
Time Through Heter Temp. Temp. Pressure Collected in Impinger

(Vm) , Ft3 (Ti) , of (Tm) , of (6h),in. H
2

O (VIc) , ml
>--.--

Final ._
Ini hal

t~

---.
Net (VIG)

A. Gas Volume Metered (Vmstd)

Pma = Pbar + (6H/13.6) = (

Vmstd =
520 OR Vm Pma---- .-----

29.92 in. Hg Tm

B. Volume of Hater Collected (VWstd)

VWstd = (0.0464 Ft3) (VIc) = (0.0464) (
IJll

) = SCF------

c. Vol1:me of Hater Vapor at Impine;er Temp (VWVstd)

v. P. = ------ in. Hg at Ti = oF

fV \ (V.P.)\ mstd IV :x: - _
WVstd

SCF

(Pma - V.P.)

D. Moi[;ture Content in Stack Gas (Bwo)

B + C ( )
BvJO == A+B+C =C-----) =
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APPENDIX IV-2

SATUbj~TlC'N VP,POR PRESSUf,;t OVER W\TER CURVE

-----

-

--

-
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State of Ca.lifornia File No.

AIR RESOURCES BOARD

Stationary Source Control Division
Engineering Evaluation Branch

PARTICUU.TE SAMPLING CALCULATIONS

Standard Conditions 60°F @ 29.92 in. H~ (Dry Basis)

A. Material Collected (Mn)

Total -------_..;mg.

I
B. Concentration (Cs)

M
.0154 --'£:.:.. n

mg Vmstd

c. Emission Rate (Mm)

I
Cs =

(= .0154 (
)") = gr./SDCF

,
Mm= .00857 C.1 Qs

~ = .00857 min/hr (
. gr./lb.

)( ) = lb/hr.

ISOKINETIC VARIATION

D. Ted-alVolume:of Stack Gas (Vtstd)

Vm = SCF
f"+;d

V -WVstd - -----
SCF

VWstd = [1-~:~J[V:nstd]-Vwvstd = ";~------'~ (

)... (

~ -. ( ) = SCF----
Vtstd = Vmstd VWstd + Vwvstd = ( ) + ( ) = SCF-----

E. Percent of Isokinetic Samnling (I)

vn [Vtstd/(60 e An) J [(Ts/Ps) X (PSLd/Tstd)]
I = v-- X 100 = X 100

s Vs

17458 Vt Tstd s (17. ')8) ( )( ) %I = ------ =(~;"';";;:"');"_;(~-_";')_";"(---~-l-----)::----~~
(Dn~3 9 Ps Vs

DIEE8 1009 7/73
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-~..•---.----

Run No.--------------------Location -------------------
Sample Station -------
Meter NOe

Stationary Source Control Divis~or.
Enqineerinq Evaluation Branch

802 SAMPLING TRAIN DATA

Ambient Temp. of-----------------Bar. Press. In. Hg.
Operator _

Special Instructions

-

ROTA-lCLOCKTIHE METER r.1ETER VACUUM SAMPLING
VOLUME (FT3). TEt.1P (OF) (IN. HG.) RATE (CFf>1) METER

,

I

......_

-

. AQCEE-1032 11/72
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Stationary Source Control Division - Enqineerinq Evaluation Brunch

or (vf - V;l) (PI' - 1'::?o)5::0
~;J .•~JT'~.f-----

'- vO}\""c of dry :.;t.:!c~:
r:~~~.)[",~r'rlcs I

r.Jjll~11tcrs Cit

ntnncHr'(1 con:1j t~Oil!_;
(GO F, 111.'( p,;~u)

I~J.~------
- vo]u~c of sam~11n~

flaok, m\)lj)1L~r~

V 0"'.2 '" 17.3 S r J_j______)_,~ --r--) c::: \'0) \X!iC of' £lb!"')orbjnc
flO] u\;j 'In
(111)1:1]1\,('1':';

I'f "" l' b~;olll'"e Pl'CS~l\ll'('

1n f').(1;'):, inci1c:; of
l",(,I'Ct1ry

}"':'O '" V;:lI'c)P ]1rr'S!5UI'C of
~I[,l c: I' il l
l('!IIP('I"r:~\ll'C Tr,
inch!?:: t,r ncrc.u:-y

if'r,l'c:'c·tUf'C in
f]" :;)':, (kCrc c:;
l\:.nl::lnc

~'h(>calctl]"tlon::; fo;' od(lr'::; of ll:lt::'C;~!1

co;)ccnt.!'at.:lon5 on a dry b;::sj:; :,.J~:cusc of

"':h'?rc,

(C,'O" )
l~ ._\ <l 515 i-/~:0:\,

~

(CNOX)Ul" ~15 t- -l-
(C1JOX)d r. C'O'I(;('lItr'! Lion of

(lx1'~(," of
n1lt'(Ii~(!n(~3 I'r;;:>),
dl':>' Li!::.:is, VJ l't,~

peT' ril:1111on by
V01U::1C

______ ppm

~:('j(~llt; of n~lr'c:,.cn
dj(':·;~(:c', fl'On1 the
C<l) ik'~)t1Nl
CU1'Vl~, mie !·,"·.l'~'m!J

(CpO" ) •• 1'1'1'\\ ., <12
•.• l11'~' vl'~l\)'.'" (\~ e<ls

!' l! 1.:\ I) c- ,
lId 1) ~1~:.;•...:,:.~

i'1','l

DHi' 11,~~i
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v.r~J.BLE EITSSlO!':S-l!'IE1.D r:VALU,t••.•."IO~ m:COhD

~~!DY Ahte-.-
j

i Location

I
-

Obcervf:I" 'i ifil8 Start

l .
51!y ConditionI 'r1~ Stop

I - lfind Spe~d 'f.'lPII Direction

I Air 'l'elrpernture o F Relatiye Humidity

Plume ChAracteristics (Color, Etc.)

Stack Rel~ht Feet ObeerYer Location Feet of' stack.

Minute 0

o
1/4 1/2 3/4 Re:n9.rks

1
I

!
I·
I,
i
I

1
2

3 ,.;..._
4

_C;"--+---~--!-I ---\._-
__~6~~--+_--,---~

7

8

11 I
12 I

~~?~n~---l__~ __~ ~
21 I__ =-_4__.~__~ __~_~

1_-22

If.!lnute

11

o 1/4. 1/2 3/4

12
33

. 16
37

41
,-4_.;:;2_! __ L.:.--_._____.
.,~~4~.~~1~_~4-~~~

46
41
48

c;o

51

Lli_,___...H·1.- --
16 I------~--~-----~--~_1..._1-1---I--_-h

LJ]~_~__~~I--_~r __~I
lQ

11 L--:I_~_
, It -I

')7
I..' .. 5.8 ...··~~---L-i ---'-_-.I

Re~rk~

Ln. I·
24 I .

t-~~-l--·--f-=R~I
'-;-r. -F-.C- --r-~

I ~)I\ I I. __._ I
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Vapor R0covery System

Data Sheet

CQt,lPf\NY:

ADDRESS:

Df\TE:

BAR. PRESS:

ITE~l TESTED: orwp VOLUr'IE: ------

EmSSIONS

Vent Oelive:ry Tank Remarks
Clock ~leter Reading Pressure Clod Vapor TClnp Pressure
Time (Ft3) - (iroc h of H')O) Time ( oF) (i nch of H2O)

L .
-- .

-- --

--

- -C-. ------

-'- ---- - --
- '---'-' ----J.

--

-

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

I I - .,--_- ---.1 I
- I-_.----

I
'----- .-

I
-- ._

- -- -_._-----
.._---

---- -----r- ._ ----- --._--_.
--_._-

-------- --- I ±-.------ ..----..
~j------i~--i--- -----------.,,-----.I,_.

--._._---
~--' I I- j-_ '__._-_. -------_.-_,-_._- ,---, ._- ----- - .-

"_- '_. -------------t -~,-----.,·-------··..-r·---------- ---------'- -. ,
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FIXED ROOF TANK EMISSION OIlSEi{VAT1011 SlIEET

OBSERVER _
GENERAL H!FOh\:J,TION

OI.fNER:

OPERATOR:

____________________ ~ __ LOCATION _

TANK NO.
--------------------------------

PERSONNEL CONDUCTING TEST:
PLANT PERSO~~?iEL CmlTACTED:

DATES OF OBSERVATION:

}lODE OF TAmz DURII~G TESTING: STANDING WORKING-------- --------
TANK PiIYSIC\L PARMlETERS

....-....
4.

5.

6.

7.

B.

9.

10.

11.

12.

13.

Ill.

1. YEAR Of TANK CONSTRUCTION:

2. COLOR OF TANK WALLS;

HANUFACTURER:-----
Black \-.IlliteLt.Gray Dk.Gray Hed.Gray Other:

Aluminum (Specular) Aluminum (Diffuse)

3. COLOR OF TANK ROOF:
Black White Lt.Gray Dk.Gray Ned.Gray Other

Aluminum (Specular) Aluminum (Diffuse)

PAINT CONDITION: POOR GOOD ---
INSULATION: YES ---- NO THICKNESS: _ INCHES

COATING OF INSIDE TANK WALL, IF ANY:

COATING OF ROOF (OUTSIDE), IF ANY:

HEIGHT: (STRAIGHT WALL) ________ FEET INCHES

IlIN1ETER: FEET INCHES----- -------
RIVETED _

EELS

BOLTED _
TANK TYPE: WELDED -----
CAPACITY OF TANK:

ROOF SLOPE: INCHES/FEET

IN'fERNAL HEATERS: YES ----
NO _ IF YES: STEAM --- 1I0T WATER

NOVA:'OR RECOVERY SYSTFH: YES
IF YES, HAI:E UP C;J\S CmH'OSITlON:

15. l'RESSlJRE/V,\CUlr.·! ROOf VENTS:
TYPE NUNBER __ !!?Rl'iAL SE'cr]~:.§. _

INER.T GAS --- HYDROCARBONS _

IN H2O VACUUH
IN H2O PRESSUI:E
IN H2O V,\CUUt!
IN H2O PRESSURETYPE NUHBER NORHAL SETTINGS---- --- - ---

16. CENElv\L C01·[HE:--lTS TllAT HAY REL!\TE TO I1-C EHISSIONS:

---------------
---_.----------
-_._._----------
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ALL TANK OpmATIOIIS

1. NMfE OF CRUDE:

2. OIL FIELD:

(IF THE TESTED TANK CONTAINED DISTILLATE OR FUEL alL, INDICATE
NOT APPLICABLE ON 1 AND 2.)

3. IF TANK WAS NORHALLY ON VAPOR RECOVERY, HOH LONG "HAS VAPOR RECOVERY DIS-
COlmECTED PRIOR TO TEST? HOURS

4. IF THERE WAS AN INTErtNAL TANK HEATER, WAS IT OPERATING DURING THE TEST?
YES NO _

5. ANALYSES THAT WERE PERFORHED ON LIQUID SAl-lPLES OBTAINED InUlIN 1 i.JEEK OF
TIlE TEST DATES (E.G. API GRAVITY. REID VAPOR PRESSURE, ASTH DISTII LATION)

STANDING TANK OPERATIONS

1. DESCRIBE THE OPERATION OF TIlE TESTED TANK DURING TESTING. INCLUDE INFORH\-
TrON ON STOCK DEPTHS fu'lD Ho\.J IT ClWIGES.

----------------------------------------------------------------------

2. DbCIUBE Hn'IEDIATE UPSTREA.1'1 OPERATIONS AHEAD OF THE TESTED TANK. INCLUDE TIlE
OPEMTnG TUll'EI:"\'l'Ullli ,'u".;o PRESSURE Of TilE UPSTI,F \i-I UNIT, EXMfPLES OF UP--
STREN-! OPERATIOi';S COULD 15E A HEATER TREATER UNIT, IN-LINE IlEATfR OR "-
STORAGE TANK.

------------------------------------------------------------ -------
-----------------------------

---------------------------- ---- '--
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-- 3. fROVIDE A S1:-1PLE PROCESS SCHEMATIC OF THE TESTED TANK AND PROCESS OI'ER1\.TIONS
Il·j'lEDl/\TELY UPSTREAH. AN EXAHPLE IS Sllmm BELOW. TllE SCIIEl'lATIC SHOULD
SJlm~ THE SYSTl1-1 USED DURING TIlE TEST. SlIo\~ LOCATION OF VAPOR SAHPLING
POlln'S A~m WHERE LIQUID SAMPLE WAS OBTAINED.

~~Tl r ~-'I-t-T·fFff -l-~._. ~fr91 j- t-- -- >--

I : r - ..--. - 1- -. - -- - -.- t--~ -. - ~-.-!.~~f---~ -- ._- f--I j : I I I~-I-: - i- i· l--r-·-r- _. - --I-l _t--~ __ --1-- --r -
I i ~ I i I it +

~- :]-J-j-- -t+- ~jj.±i-~--r--1 ; - • . ~-7 ·T-l - -!--t-·~-- ,- -

-l·--!··· ~- ..-"1--1 -'. _.,--- I-

I : I J ~rrT___'___: i -~.---
_j_j-L-1- .- ... --- ---- ..._ .• - -

~

I ' I I -i- I .
I . i I ; I -i-j--·+ r++--;- ----~- ~,--:·--t--r-

I , '

1 ' I ~.t~lJi-. , I L~ I, . : 1- -- -: i --;-----'=-1-1-:=1 ~ _t--

~I-
.-1-'-- --

I , I

+t- ----- ..--. --,.--- .- ~
! . f I I I 1

: '=1=1 I I--. -- . --~-_- -l _ _:-_-t-, -- --C~--J=iii 1 I ! -t--i-~ I I ,
-- .--;- _J-i-- ._-.-.- -r--: - -

, " I I! I ! I I I I i,_____
___:__ 1._ .~_~_ I Ii: Ii I I i'll - '_j ! _ I U_ I '-+ I__ J -< _-r-- -

=[ =-1- ~ Fff 11~± __ I 1-
: ; I _: ___;---i _j_ =AI-- ;--l---~--t-- ~I_j~l:- , ~Lj_ I ,
i ! I i ! ! , I

._- -1-
_j_ i I L_-:~~!- '_J=_-- -1-· ~--·1-1- ---l'-~--~-.J--i-- ~ ~--~++-I I ~- i I i--I- _L I I I -

. I ' -~--!--ii- -
I , I , I I ' : ! : I. I

__;.; j-;- +H -1·· +- ~H-_.__.L.__: _~--H_i-_!±_LJ- _1_~ __
-: ...... --!--! n-- t-,-'T ---1--1- - --1~-- i I I I I-1 '-r-i---Y--j 1

- . -: .: .,- - -- i--;- -i ·-1-- --T-T-t-I-· ~ - - -i-r- - --. I.· I ,
--. - i 1· 1"- --;--!--)·T- .. !--l-,-l_ f=rfF --j~l-l-rTTi-- --I ·-1 -+=l---]-1,-1- -i -l- I 1--

4. INDICATE ANY l'ROCESS CHA_f\jGES HADE SPECIFICALLY FOR THE EHISSION TEST ,.,THICH
WOULD BE DIFFERENT FRm! NORHAL OPERATIONS •

..
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EHISSIO!l TEST DATA

1. 'HAS A TANK LEAK CHECK PERFORNED: YES ---
RESULTS --------------------------

-...
NO

2. EHERGENCY Rf.LIEF VALVE SETTING AND NmmER DURING OBSERVATION:

MAXUlUM PRESSURE OF TANK DURING OBSERVATION:

PRESSURE SETTING OF TEST VALVES DURING OBSERVATION:

3. DESCRIBE POTENTIAL SAFETY HAZARDS:

WERE THESE REPORTED TO PL\NT PERSON~EL: YES NO ----
~IO WAS IT REPORTED TO:

4. HYDROCARBON ANALYZER USED DURING THE OBSERVATlON (NAHE AND ~10DEL NUHBER):

-DESCRIPTlON OF CALIBRATION PROCEDURE (THl!:, Sl'AN GAS AND CONCENTRATIor~, ZERO

DRIFT, ETC.). ---------------~-------------------------

5. DESCRIBE VAPOR GRAB SMIPLES COLLECTION DURING OllSERVATION.

6. HAS AN OVA ANALYZER USED BY THE 013SE1ZVER TO C!lECK THE HYDROCARBON Cm:n:NTRAT LON.

YES NO RESlILTS AND CmlPARISON HITH TEST RESULTS. -----_._-_.-

-----------------------------_.------------------- .__-------
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7. C(H~lENTS RELA'rl;;(; TO t'lEASURING HYDROCARBON CONCENTRATION. (LEAKS, CON-

DENSATlON, EIZRATlC RLSl'ONSE, ETC.) ---------------------------------------

---~----~-~~~~-----------------------------------------

8. DESCI~lBE LIQUID l.U'EL CHANGES, LIQUID FLOI-l RATES AND THROUGH-PUT INFOr.J-IATION

DUlnNG OBSE!,VATlON.

9. DESCRIBE VAPOR FLO'..J RATES AND TEST HETERING.

10. DESCRIBE THE LOCATION AND HANNER IN \-,lJUCH LIQUID SAHPLE WAS OBTAINED:

11. IF TJ\N!~ \,'AS Pf-E':J GUSLY TESTED BY ENGINEERING-SCIENCE OR OTllERS, LIST THE
PREVIOUS TEST !l.ESULTS.

STOCK PAf:M1ETERS: PREVIOUS TEST CURRENT TEST (IF AVAILABLE)

TEHP CF)

RVP (LBS)

GRAVlTY COAPI)

BHLS/DAY (IN)

BBLS/DAY (OUT)

VAl'OJ{ DISC11J\,:CE (SCF /DllY)

Ave;. }IOLECUL/.I·~ \-IT (LB!L13-HOLI:)

liETH;\NE CO;':CENTRATlON (LB/IOOO SCF)._----
Tile CONCENT!~TION (LB/IOOO SCF)

l-lETIL\NE E:nSSI0~lS (Ll}S/DAY)

TIle ElHS~JUI~~ (Llis/nAl)



G - 38

12. I{EHARKS:

SIGNED
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S til to 0 r Cali [orelia

AIR }lE.sOU~CES BOAl-<D

Stationary Source Cont~ol Division
Engincerinq Evaluation Branch

File Ho. --------.---------

Pro era"!! 01)2 Prin t Out
(Particulate Source Test)

P"M = Barometric presc',lre (in. Hg)
6h = Pressure drop across orifice (in. Ii.? 0)
V,,,,= Volume of ga.s sample (cu. ft.)
'].',..., - Meter temperature rF)
VL = Volume of condencate collected (ml)
Tt' = Impingcr temperature (0 F)

Ts = Stack temperature COF)
S or 'S' = % }~O ( 'S"'-oversat. S-undersat. )

% C0cJ
%~
% CO

Ms = Molecular weight

(fLIP).•...= (in. H20)1/2 X Cp
Ds = Stack diameter (in.)
Vs = Velocity (fps)
Qs = Flow rate, dry basis (SDCFM)

8 = Total sampling time (min.)
D" = Nozzle diameter (in.)

I = % Isokinetic

1-1" = Particulate mattr:r collected (Ing)
c' = Particulate concentrati.on, dry baciG (cr/SfJCF)
W,,., = PurticuJate crnisnion rate (lb/hr. )

V~'SIO.= Stu.. volume of dry cae mctc:'cd (cu. ft.)
V'</l".=-=Std. volume of w:).t.ervapor collect.L'rl(cu. ft.)
V.P.=. Vapor prcr:·[i\u·(;(in. He)
Vw'''~.:: St.d. vo]umc of \·tatf'r v3.por metered (cu. rt.)
S -. X 1120 (itLCludv[3 frL'c \oJ.'l.ter)
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:3t.i.Jtc of \,';1] ii, .L'I,~ 11 h J t. flu.

Stationary Source Control Division - Engineering Evaluati0n Branch

J)')CA'l'l ON: --------_. ----- -----

-------.-- .-._------

-----_. --------- ------------
] 'PHi J'ES'rD:

t------------.-------- __ - --.------------------1
____________________ I-Ii-u-]-c_I_~o_._L f-~I~.:...:':rI rl L ,: . ;..) 1".; ddt"

hlll.',: .GIII
'l\.'~.t t:o ..--------.--------------+------jf------
I•.•t" .' I "":-,t

__ c..., ~: b{ Vll_I_. _

j~•.•CI ~' l'~ ~'"l ..
---------------------jf------~

Po) I t i~,,!."1 1..~c\-~:..!2!_:_·;_.t_l_O_"_,~!~~I_'/_:_,L_f_.I------I-----__l---_

------<----- -

--+------- ------- - -----

----- ---- ---- - ----- ---_._----- ------- ----- _._ - -

------_---
----------------

Cl.I., ~.,,: l:, _

------- ---~-----,
--------1

_ --- 1



D~ato 01 ~alllo~nlB

AIH }{E~OU:tCESBOARD File no.

St,lt.ionory Source COlltrol Division
rngineering Evaluation Branch

StJ:1i'iARY OF TESl' DATA

5- Vwc' CO!1(~(,Il~'~'d ',-l,'1tf'r 1'''1'0]', 1:1]

G. 'l'i' .t..\·rl';·~·f' Ir.'j'l';'n[;cr 'l'n.:;lcr:!ture, DF

'I. o~
l'

% CO

]1. m- •.l1"1(" C!ln.

1') D
n
, ;:;:'::;)])1![; l:ozz1c Di~.!'!'c:te;" :in.

)::,. 11Jl' :;:):::,<1.(' 1"J0.i['1t Col]ccted, nc;.

ft.

...------ --------1----------

-----+---+---'---J-

~---------~------------_._------------

A. ----------1------------ ---------
D. .----------j---- ----- --_.._-----_.---
c.
}) . ---.------l----.-----r----- ------

~---------~------------_T---------
f--------.- --------- --..---- -------

..__---------------'---------.~-- ------__.-

------------------------------------------------_. ----

------------------_._----_.----
-------------------------,..._-~------- -------_._---
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State of California

AIR RESOURCES BOARD

S02} Aldehyde, Organic Acid Calculations

File No.:

Date: - -------

Standard Conditions: 60oF, 29092 in Hgo
Vm Std. == Gas Volume sampled at standard conditioTIn

Sulfur Dioxide

Ws == Weight Co~lected (mg) cu. f't.

Vmstd. = 17.38-Vm tbar :m *.6) = 17.38 ( ) H= __ scf

Conen. = 836 (Vls) = 13006 Ws == __ ppm (Vol.)
(Vm std ..)(M) Vm Std ••

, Vm =---------- --------

Orf5anic Acids (as acetic acid)

w....= mg Vrn = CUo ft ..'" ---
Cbar + 6.H "\

Vrn Std. = 17.38 Vrn 1:"3:"6 I = 17038 (
Tm I

.-..
» H=_ scr

Conen. = 13 ..93 (
( )

,
'. = ppm (Vol.)----

Aldehvdes (as f0rrJ1.aldehyde)

~:lS = ___ mg Vrn = _ euo ft.

( ) f3Cf

Concn. 27.87 ( _1
( Q

- ppm (Vol.)
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YES

APPENDIX H

METHOD 6 CHECKLIST TO BE USED BY AUDITORS

NO COMMENT

3.

4.

5.

6.

7.

8.

---- 9.

10.

ll.

12.----
13.

14.

15.

OPERATION
PRESAMPLING PREPARATION

1. Knowledge of process conditions

2. C~libration of pertinent equipment. in particular,
the dry gas meter ~nd rotameter. prior to each
field test.

ON-SITE ~EASUREME~TS

Leak-testing of samplipg train after sample run

Preparation of absorbing solution and its
addition to bubblers and impingers

Constant sampling

Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the
sample

Recording of pertinent process condition during
sample collection

Maintaining the probe at a given temperature

POST SAMPLING

Control sample analysis - accuracy and precision

Sample aliquotting techniques

Titration technique. particularly endpoint
precision

Use of detection blanks in correcting field
sample results

Calculation procedure/check

Calibration checks

Standardized barium perchlorate solution

GENERAL CO~~ENTS
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METHOD5 CHECKLIST TO BE USED BY AUDITORS

to sail.;'>1e recovery area.
__ 18. Recovery dre" satisfactory (i.e., space, cle3n1iness,

etc. )

YES NO OPERATION

EQUIPMENT PREPARATION AND CHECK
1. Sampling train assembled and leak checked.
2. Probe and filter box heaters checked and set for prop0r

tempa ratures.

3. Stack gas temperature measuring system assembleu ,nd
checked for proper operation by comparing to a merCLH'Y
in gl ass thennometer.

4. Stack gas velocity measuring system assembled and checked
for proper operation.

5. Orsat analyzer assembled and checked.
PRELIMINARY MEASUREMENTS

6. Selection of travers~ points according to Method 1.
7. Moi 5 ture content by (v'd"0d 4, or equi va 1ent.
8. Molecular weight by Mt ,lrj 3, or equivalent.
9. Measurement of stdck dime" ,ions.

10. Mark probe for sampling at traverse points.
SAMPLE COLLECTICN

11. Equal sampling time at each traverse point.

12. Probe temperature satisfactory tl,rouqhout the test.

13. Filter box temperature 120 ~ 14°C (248 2:. 25°F) through the test.
14. Sample gas temperature at last impinger ;.;: 20°C (68°F) through

out the test.

15. Isokinetic sampling checked and adjusted if necessary
at least ever'y 5 minutes.

16. Leak check of sampl~ng train at end of test.
SAMPLE RECOVERY

17. Sati~factory handling and movement of probe and filter



METHOD 5 CHECKLIST TO BE USED BY AUDITORS
(continued)

I YES NO OPERATION
I

19. Sample recovery procedure adequate.

20. Proper labeling of sample containers.

21. Determination of moisture content procedure adequate.

ANALYSIS
22. Proper equilibration of (1) filter, (2) probe wash

residue, and (3) acetone blank residue.
23. Correct collected particulates for acetone blank.

24. Analytical balance checked before weighings.

DOCUMENTATION
25. All information recorded on data ~heet as obtained.

26. All unusual conditions recorded.

COMMENTS
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METHOD 7 CHECKLIST TO BE USED BY AUDITORS

YES OPERATIONNO

PRESAMPLING PREPARATION

1. Information concerning combustion effluents
whi~h may act as interferents

2. Plant operation parameters variation

3. Calibration of the flask and valve volume
three determinations

4. Absorbing reagent preparation

ON-SITE MEASUREMENTS

5. Leak-testing and sampling train

6. Preparation and p'p~ttlng of absorbing solu-
tion into sampling &lask

POST SAMPLING
(ANALYSIS AND CALCULAT10N)

7. Control sample analysis

8. Sample aliquottlng technlq~e

9. Evaporation and chemical treatmert of sample

10. Spectrophotometric tec~nique

a. preparation of standard nitrate samples

b. measurement of absorbance, includinq blanks

c. calibr3tion factor

d. wavelength and absorbance, including blanks

11. Calculation procedure and checks ••
d. use of computer program

b. independent check of calculations

COMMENTS



YES
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METHOD 8 ClIECKLIST TO BE USED BY l\U:JITORS

NO COMMENT

3.----
4.----

5.

---- 6.

7.-----

8.

9.

10.-----
----- II.

----- 12.

----- 13.

14.

15.

OPERATI01\"
PRESAMPLINC PREPARATION

1. Knowledge of pr~cess conditions

2. Calibration of pertinent equipment, in parti=ular.
the dry gas meter, prior to each
field test.

ON-SITE MEASUREMENTS

Leak-testing of sampling train aftec sample run

Preparation and addition of absorbing solutions
to impingers

Isokinetic s3~;ling

Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the
sample

Recording of pertinent process condition during
sample collection

Maintaining the probe at a given temperature

POST SAMPLING

Control sample analysis - accuracy and precision

Sample aliquotting techn~ques

Titration technique, particularly endpoint
pr<;!cisior.

Use of detection blanks in correcting field
sample results

Calculation procedure/check

Calibration checks

Standardized barium perchlorate solution

GENERAL CO~~ENTS
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APPENDIX J

Procedures for Leak Checking Source-Sampling Trains

I. Purpose

To ensure that the sample collected is representative of the source

the sampling train must be leak free. All sampling trains used by or

on behalf of California Air Resources Board (ARB) for the collection of

any samples must be checked for leaks before and after each test.

The following are some suggested procedures for performing these

leak checks.

II. Assembling Train Components

At the testing site the sampling train components are assembled carefully

to ensure that all connections are air tight and leak-free. All ground-glass

ball and socket connections must be clamped together with positive-lock

pinch clamps. A light coating of silicone grease is applied to the

outer portion of the male ground-glass joints. If tygon rubber or teflon

tubing is used for connecting inpingers or other component~ the internal

diameter of the flexible tubing should be one eighth of an inch less

than the outer diameter of the mating fixture.

Sampling equipment mounted in a mobil monitoring van is particularly

vulnerable to vibrations. In this case all sample line connections

should be rigid screw type,otherwise screw clamps which co~press

an airtight seal at all connections must be used.

Spring clamps and clips may not be used to secure connections on a mobil

installation unless the items being connected are securely mounted or

clamped in place so as to exclude the imposition of tension on the joint.
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II1. Leak Checks

Prior to use in the field individual train components (e.g., meters pumps)

should be checked for internal leaks by applying air pressure. All leak

checks of the assembled train or monitoring system must be performed at the

test site. Both positive (pressure) and negative (vacuum) leak checks

should be performed, if applicable. When the pump is located _ the rear

end of the train, the entire train is operated under a vacuum. Occasionally

the pump is located immtdiately ahead of the dry gas meter in which case

the sample lines, ahead of the pump are under vacuum and the section between

the pump and meter is under positive pressure. The pressure portion of the

train may easily be checked by the application of air pressure. For most

applications the vacuum leak chec~ is the primary check which must be

performed on the assembled train. -
A. Leak checks are performed just prior to 2nd immediately following the

completion of each test. A vacuum leak check on an EPA type integrated

sampling train should be performed as follows:

(1) Plug intake nozzle with an air tight stopper.

(2) Turn on the pump.

(3) Turn the coarse adjustment valve on the console (meter box)

to the off position and open the fine-adjust valve until the

vacuum gauge reads 15 inches of mercury. After the dial has

stabilized, the flow rate should stop. If a flow rate in excess

-



of 0.01 cubic feet during 30 seconds is observed the leak

or leaks must be found and corrected.

(4 ) If the leak rate is found to be satisfactory, the plug

is first slowly removed from the nozzle after which

the pump is turned off. This procedure prevents water

from the impingers from being forced backward into the

fil ter.

B. Grab Sampling Trains

Leak checks must be performed on all grab sampling trains

before and after use. The leak checks must be performed at

the test site.

The components are assembled carefully to ensure a leak-free

assembly. During the leak test it is necessary to measure

both the vacuum and the flow-rate. To facilitate frequent

leak checks a special prefabricated panel including a roto-

meter and a sensitive vacuum gauge is included with each

sampling train. To perform a leak check, this panel is

inserted just ahead of the pump or aspirator. The sample

probe inlet is plugged and air is slowly evacuated until a

vacuum of one inch of mercury is reached. The bi-pass valve

on the pump is opened slowly and the vacuum is adjusted so as

to maintain a vacuum of one inch of mercury. After stabalization

the vacuum must be maintained for a period of one minute.
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The sampling train configuration will dictate the type of leak test that

has to be performed e.g., pressure leak tests must be performed on that

portion of the train which will operate under pressure during the test.

Leak checks shall be conducted in such a manner as to demonstrate effective

leak-free performance of all connections, valves, sample lines and

impingers through which the gas sample must pass before bein~ m~Jsured by

a meter.

IV. Records

The engineer or technician in charge must verify that he has performed

or observed the leak test by completing and signing the appropriate

Leak Test Record. A complete leak check record must accompany all field data.

(see attac hed)
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LEAK TEST RECORD Company:

Address:

The fo 11owi ng leak checks were made on the sample train shown in the schematic.

Pressures Test Test Was Standard (for method)
Start Finish Duration Method Sam~ling Train Used

Date Time In-H2O In-H2O Mins. No. 'Yes No

SAMPLE TRAIN SCHEMATIC (Show Sample Lines, Valves, Connections, and Components)

Project Number

Field Supervisor Signature:

Symbols and Abbreviations
VALVES

Connectors

Connector. Types: Line Types: FLASKSSL = Swage Lock T • Teflon
HC • Hose Clamp SS = Stainless
GT • Glass Taper (Clamper) TYG = Tygon
GB • Glass Ball (Clamper) R = Rubber
Other: Other: PUMP SENSOR T.C •• Thermocouple

PIV • Pres./Vac.
FLOW DIRECTIONS TH • Thermometer

MISC.

-------
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